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(54)  Rotation  position  detecting  device  and  motor  device 

(57)  The  present  invention  provides  a  rotation  posi- 
tion  detecting  circuit  for  a  sensor-less  motor,  and  a  mo- 
tor  device,  which  do  not  use  a  back  electro-motive  volt- 
age.  A  motor  (1  )  is  rotated  and  driven  by  adding  a  sensor 
signal  having  a  high  frequency  to  a  sine  wave  drive  sig- 
nal  and  a  cosine  wave  drive  signal  through  adders  (5S) 
and  (5C),  respectively.  A  sensor  signal  is  extracted  and 

demodulated  from  a  signal  flowing  in  the  motor  (1  )  by  a 
band  pass  filter  (9),  and  this  is  defined  as  a  rotation  po- 
sition  detection  signal.  In  the  sensor  signal  from  the 
band  pass  filter  (9),  its  current  value  is  changed  corre- 
sponding  to  a  change  of  an  impedance  resulting  from  a 
rotation  of  a  magnet  of  the  motor.  It  is  possible  to  detect 
the  rotation  position  of  a  rotor  magnet,  by  detecting  the 
change  of  the  current  value. 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention  s 

The  present  invention  relates  to  a  rotation  position 
detecting  device  for  detecting  a  rotation  position  of  a  ro- 
tor  of  a  so-called  brush-less  motor,  and  a  motor  device 
including  this  rotation  position  detecting  device.  10 

Description  of  the  Prior  Art 

Recently,  a  brush-less  motor  is  used  in  various  elec- 
tronic  apparatuses,  such  as  a  standard  type  for  repro-  15 
ducing  a  dedicated  disk,  a  portable  type  of  a  video  tape 
recorder  and  the  like. 

This  brush-less  motor  uses  an  electrical  switch  to 
switch  a  conducting  timing  to  each  of  the  phases  and  to 
drive  a  synchronous  motor,  although  a  D.C.  motor  20 
switches  the  conducting  timing  to  each  of  the  phases.  It 
is  necessary  to  switch  this  conducting  timing  such  that 
an  operation  is  carried  out  at  the  maximum  powerfactor. 
However,  in  the  case  of  a  permanent  magnet  type  syn- 
chronous  motor,  its  timing  is  simply  determined  from  a  25 
position  of  a  magnetic  pole  of  a  permanent  magnet  (a 
rotor  magnet)  mounted  in  a  rotator.  For  this  reason,  the 
brush-less  motor  requires  to  detect  a  magnetic  pole  po- 
sition  (a  rotation  position)  and  switch  the  conducting  tim- 
ing  to  each  of  the  phases.  For  this  reason,  the  brush-  30 
less  motor  has  a  rotation  detecting  element,  such  as  a 
Hall  element,  a  magnetic  resistance  effect  element  and 
the  like.  And,  the  rotation  position  of  the  rotor  is  detected 
by  this  rotation  detecting  element,  and  thereby  the 
switching  of  the  conducting  timing  to  each  of  the  phases  35 
is  carried  out  on  the  basis  of  this  detected  result. 

However,  if  the  above-mentioned  rotation  detecting 
element  is  mounted,  the  cost  becomes  elevated,  and  a 
transmission  line  is  needed  for  transmitting  a  detection 
signal  from  the  rotation  detecting  element  to  a  rotation  40 
controlling  system.  This  results  in  a  problem  that  the  mo- 
tor  itself  becomes  larger. 

For  this  reason,  a  rotation  position  detecting  device 
is  developed  which  enables  a  sensor-less  drive.  This  ro- 
tation  position  detecting  device  detects  a  back  electro-  45 
motive  voltage  generated  in  each  of  the  phases  of  a 
brush-less  motor,  and  sends  this  detected  output  to  a 
motor  drive  circuit. 

That  is,  in  the  motor,  each  phase  (with  the  exception 
of  the  conducting  phase)  acts  as  a  generator,  and  this  so 
generates  the  back  electro-motive  voltage.  Thus,  it  is 
possible  to  detect  the  rotation  position  of  the  rotor  by 
detecting  the  back  electro-motive  voltage.  The  motor 
drive  circuit  detects  the  rotation  position  of  the  rotor 
based  on  the  detected  output  of  the  back  electro-motive  55 
voltage,  and  switches  the  conducting  timing  to  each  of 
the  phases  corresponding  to  this  detected  result.  Ac- 
cordingly,  the  motor  can  detect  the  rotation  position  of 

the  rotor  and  switch  the  conducting  timing  to  each  of  the 
phases  without  the  need  for  mounting  a  rotation  detect- 
ing  element  such  as  a  Hall  element  and  the  like.  Thus, 
the  rotation  detecting  element  such  as  the  Hall  element 
and  the  like  can  be  omitted,  which  can  make  the  motor 
itself  smaller  and  a  cost  thereof  cheaper. 

Incidentally,  in  the  brush-less  motor  having  no  con- 
ventional  sensor,  at  the  time  of  starting  the  motor  or  in 
the  case  of  a  slow  speed  rotation,  the  back  electro-mo- 
tive  voltage  is  not  generated.  Or  even  if  generated,  its 
level  is  small.  Thus,  the  conventional  rotation  position 
detecting  device  cannot  detect  the  rotation  position  of 
the  rotor  at  the  time  of  starting  the  motor  or  in  the  case 
of  slow  speed  rotation.  Further,  kick  back  noise  induced 
at  a  time  of  switching  the  conducting  timing  to  each  of 
the  phases,  and  the  like  are  added  to  a  large  extent  to 
the  back  electro-motive  voltage.  This  results  in  a  prob- 
lem  of  an  obstacle  against  an  accurate  rotation  position 
detection. 

For  this  reason,  the  brush-less  motor  which  detects 
the  rotation  position  by  using  this  back  electro-motive 
voltage  cannot  be  used  for  a  servo  control  in  which  it  is 
necessarytoaccurately  detect  the  rotation  position.  Fur- 
ther,  in  a  case  where  the  brush-less  motor  is  used  for 
servo  control,  the  rotation  detecting  element  must  be 
mounted  in  order  to  accurately  detect  the  rotation  posi- 
tion.  Finally,  this  results  in  inconvenience  that  the  motor 
itself  is  made  larger,  and  other  disadvantages. 

Further  objects  and  advantages  of  the  present  in- 
vention  will  be  apparent  from  the  following  description 
of  the  preferred  embodiments  of  the  invention  as  illus- 
trated  in  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  block  diagram  showing  a  schematic  con- 
figuration  of  a  rotation  position  detecting  device  of  a  first 
embodiment  in  accordance  with  the  present  invention. 

Fig.  2  is  an  exploded  perspective  view  explaining  a 
configuration  of  a  brush-less  motor  connected  to  the  ro- 
tation  position  detecting  device  of  the  first  embodiment. 

Fig.  3  is  a  view  explaining  an  interval  between  pole 
teeth  of  the  brush-less  motor  and  a  magnetizing  interval 
of  rotor  magnets. 

Fig.  4  is  a  waveform  diagram  explaining  the  opera- 
tion  of  the  rotation  position  detecting  device  and  a  gen- 
erating  operation  of  an  encoder  pulse  of  the  first  embod- 
iment. 

Fig.  5  is  a  diagrammatical  view  explaining  an  imped- 
ance  change  of  a  sensor  signal  added  to  a  drive  signal 
for  rotating  and  driving  the  brush-less  motor. 

Fig.  6  is  a  block  diagram  showing  a  main  portion  of 
a  rotation  position  detecting  device  of  a  second  embod- 
iment  in  accordance  with  the  present  invention. 

Fig.  7  is  a  block  diagram  showing  a  main  portion  of 
a  rotation  position  detecting  device  of  a  third  embodi- 
ment  in  accordance  with  the  present  invention. 

Fig.  8  is  a  waveform  diagram  explaining  an  output 
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timing  of  a  Z  pulse  from  the  rotation  position  detecting 
device  of  the  third  embodiment. 

Fig.  9  is  a  view  explaining  a  variation  example  of  the 
rotation  position  detecting  device  of  the  third  embodi- 
ment. 

Fig.  1  0  is  a  block  diagram  showing  a  main  portion  of 
a  rotation  position  detecting  device  of  a  fourth  embodi- 
ment  in  accordance  with  the  present  invention. 

Fig.  1  1  is  a  block  diagram  showing  a  main  portion  of 
a  first  variation  example  of  the  rotation  position  detecting 
device  of  the  fourth  embodiment. 

Fig.  12  is  a  schematic  diagram  of  a  calibration  de- 
vice  for  detecting  correction  data  in  order  to  correct  ro- 
tation  position  detection  data  from  a  counter,  in  the  first 
variation  example. 

Fig.  1  3  is  a  block  diagram  showing  a  main  portion  of 
a  second  variation  example  of  the  rotation  position  de- 
tecting  device  of  the  fourth  embodiment. 

Fig.  1  4  is  a  graph  showing  a  correction  curve  of  cor- 
rection  data  used  for  the  second  variation  example. 

Fig.  15  is  a  block  diagram  showing  a  rotation  posi- 
tion  detecting  device  of  a  fifth  embodiment  in  accord- 
ance  with  the  present  invention. 

Fig.  1  6  is  a  flow  chart  explaining  an  operation  of  the 
rotation  position  detecting  device  of  the  fifth  embodi- 
ment. 

Fig.  17  is  a  block  diagram  showing  a  motor  device 
as  a  sixth  embodiment  in  accordance  with  the  present 
invention. 

Fig.  18  is  a  view  showing  a  magnetic  flux  B  inter- 
linked  with  a  coil  yoke  of  a  motor  and  a  magnetic  per- 
meability  u.  of  a  yoke. 

Fig.  1  9  is  a  view  explaining  a  method  of  sampling  a 
sensor  signal  at  a  timing  of  a  zero-crossing  point  of  a 
drive  signal. 

Fig.  20  is  a  block  diagram  showing  a  motor  device 
as  a  seventh  embodiment  in  accordance  with  the 
present  invention. 

Fig.  21  is  a  view  explaining  a  point  at  which  drive 
currents  in  respective  phases  of  a  motor  become  equal 
to  each  other. 

Fig.  22  is  a  block  diagram  showing  a  schematic  con- 
figuration  of  a  portion  in  which  an  offset  signal  is  added 
to  a  drive  signal. 

Fig.  23  is  a  view  showing  drive  signals  and  sensor 
signals  in  respective  phases  of  a  two-phase  construc- 
tion  motor. 

Fig.  24  is  a  view  showing  drive  signals  and  sensor 
signals,  in  respective  phases  of  a  two-phase  construc- 
tion  motor,  to  which  offset  signals  are  added. 

Fig.  25  is  a  view  showing  a  signal  obtained  by  add- 
ing  an  offset  signal  on  a  drive  signal. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Embodiments  of  a  rotation  position  detecting  device 
in  according  with  the  present  invention  and  a  motor  de- 

vice  using  the  rotation  position  detecting  device  will  be 
explained  hereinafter  in  detail  with  reference  to  the 
drawings. 

Fig.  1  shows  a  schematic  configuration  of  a  rotation 
5  position  detecting  device  as  a  first  embodiment  in  ac- 

cordance  with  the  present  invention. 
As  shown  in  Fig.  1  ,  the  rotation  position  detecting 

device  of  the  first  embodiment  in  accordance  with  the 
present  invention  has,  for  example,  an  oscillator  2  and 

10  a  sensor  signal  generating  circuit  3.  The  oscillator  2  out- 
puts  a  sine  wave  drive  signal  which  is  at  a  constant  cur- 
rent,  and  a  cosine  wave  drive  signal  which  is  at  a  con- 
stant  current  and  is  out  of  phase  by  90  degrees  from  the 
sine  wave  drive  signal,  in  order  to  send  them  to  respec- 

ts  tive  phases  of  a  two-phase  brush-less  motor  1  .  The  sen- 
sor  signal  generating  circuit  3  outputs  a  sensor  signal 
having  a  frequency  several  times  the  frequency  of  each 
of  the  drive  signals.  The  oscillator  2  and  the  sensor  sig- 
nal  generating  circuit  3  are  mounted  in  a  so-called  digital 

20  signal  processor  (DSP). 
The  rotation  position  detecting  device  has  differen- 

tial  amplifiers  4S  and  4C,  adders  5S  and  5C,  and  am- 
plifiers  6S  and  6C.  The  differential  amplifiers  4S  and  4C 
amplify  and  output  differences  between  the  respective 

25  drive  signals  and  fed-back  present  drive  signals  so  as 
to  drive  the  brush-less  motor  1  under  a  constant  current. 
The  adders  5S  and  5C  add  the  sensor  signals  from  the 
sensor  signal  generating  circuit  3  to  the  respective  drive 
signals  from  the  respective  differential  amplifiers  4S  and 

30  AC.  The  amplifiers  6S  and  6C  amplify,  by  a  predeter- 
mined  gain,  the  respective  drive  signals  to  which  the 
sensor  signals  are  added. 

The  rotation  position  detecting  device  has  a  drive 
signal  detecting  circuit  7  and  a  low  pass  filter  (LPF)  8. 

35  The  drive  signal  detecting  circuit  7  detects  the  current 
values  of  the  drive  signals,  which  are  presently  sent  to 
the  respective  phases  of  the  brush-less  motor  1  ,  through 
a  resistor  7a  in  the  form  of  a  voltage.  The  low  pass  filter 
(LPF)  8  removes  the  sensor  signal  with  a  high  frequency 

40  from  the  drive  signal  detected  by  the  drive  signal  detect- 
ing  circuit  7,  and  performs  feed-back  to  each  of  the  dif- 
ferential  amplifiers  4S  and  AC. 

The  rotation  position  detecting  device  has  a  band 
pass  filter  (BPF)  9,  a  demodulation  circuit  10  and  a  lim- 

45  iter  1  1  .  The  band  pass  filter  (BPF)  9  extracts  the  sensor 
signal  with  the  high  frequency  from  the  drive  signal  de- 
tected  by  the  drive  signal  detecting  circuit  7.  The  demod- 
ulation  circuit  10  carries  out  a  predetermined  demodu- 
lation  process  to  the  sensor  signal  extracted  by  the  BPF 

so  9,  and  outputs  it  as  a  rotation  position  detection  signal 
of  the  brush-less  motor  1.  The  limiter  11  generates  a 
switching  pulse,  based  on  each  of  the  drive  signals,  and 
outputs  it. 

Then,  a  motor  device  can  be  constituted  by  sending 
55  the  rotation  position  detection  signal  from  the  demodu- 

lation  circuit  10  to  a  servo  lock  circuit  and  the  like,  and 
controlling  a  rotation  phase  of  the  motor  corresponding 
to  the  rotation  position  detection  signal. 
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The  brush-less  motor  1  is  a  so-called  stepping  mo- 
tor  as  shown  in  Fig.  2,  and  is  composed  of  a  first  stator 
21  ,  a  second  stator  22  and  a  rotor  magnet  23  which  is 
rotatably  arranged  for  the  first  and  second  stators  21 
and  22.  In  the  description  which  follows,  it  is  to  be  un- 
derstood  that  elements  are  designated  as  "upper",  "low- 
er"  and  the  like  and  directions  are  referred  to  as  "up", 
"down"  etc.,  with  reference  to  the  orientation  of  the  ap- 
paratus  as  shown  in  Fig.  2  Naturally,  these  directions 
would  change  if  the  orientation  of  the  apparatus  were  to 
be  altered. 

The  first  stator  21  is  composed  of  an  upperyoke24, 
a  lower  yoke  26  and  a  bobbin  25.  The  upper  yoke  24  is 
cylindrical  in  shape.  The  lower  yoke  26  is  cylindrical  in 
shape  and  has  an  outer  diameter  which  is  slightly  small- 
er  than  an  inner  diameter  of  the  yoke  24.  The  bobbin  25 
is  held  in  inner  clearance  generated  when  the  lower 
yoke  26  is  aligned  with  the  upper  yoke  24. 

In  the  upper  yoke  24,  there  is  provided  a  support 
hole  24b  for  rotatably  supporting  a  rotation  shaft  23a  of 
the  rotor  magnet  23  at  a  nearly  central  position  of  a  top 
surface  24a  of  the  upper  yoke.  On  the  top  surface  24a 
of  the  upper  yoke  24,  for  example,  there  are  disposed 
twelve  pole  teeth  24e,  which  are  isosceles-triangle- 
shaped,  at  regular  intervals,  so  as  to  surround  the  sup- 
port  hole  24b.  The  pole  teeth  24e  extend  downwards 
substantially  perpendicular  to  the  top  surface  24a,  re- 
spectively.  In  detail,  the  pole  teeth  24e  are  constituted 
such  that  portions  of  the  top  surface  24a  are  cut  away 
so  as  to  form  twelve  notch  pieces,  which  are  isosceles- 
triangle-shaped  and  are  arranged  on  a  circle  at  the 
same  intervals,  and  such  that  the  respective  notch  piec- 
es  are  bent  so  as  to  extend  downwards  substantially 
perpendicular  to  the  top  surface  24a.  The  respective 
pole  teeth  24e  are  adapted  to  be  inserted  into  a  cylinder 
portion  25b  of  the  bobbin  25,  as  described  later,  in  the 
thus-bent  state  and  to  be  abutted  on  an  inner  wall  of  the 
cylinder  portion  25b.  Further,  an  interval  in  which  the  re- 
spective  pole  teeth  24e  are  disposed  is  equal  to  a  mag- 
netizing  interval  for  the  rotor  magnet  23  (for  example, 
an  interval  of  X). 

In  the  upper  yoke  24,  there  is  provided  aside  portion 
24c  having  a  height  so  as  to  put  the  bobbin  25  between 
the  upper  yoke  24  and  the  lower  yoke  26,  when  the  up- 
per  yoke  24  is  aligned  with  the  lower  yoke  26.  In  the  side 
portion  24c,  there  is  provided  a  notch  piece  24d  for  guid- 
ing  a  projecting  piece  25a  disposed  in  the  bobbin  25  out- 
side  the  first  stator  21  . 

The  bobbin  25  is  composed  of  a  portion  25b  in  the 
form  of  a  cylinder,  an  upper  flange  25c  and  a  lower 
flange  25d.  The  cylinder  portion  25b  has  a  diameter  into 
which  the  rotor  magnet  23  can  be  rotatably  inserted.  The 
upper  flange  25c  and  the  lower  flange  25d  have  diam- 
eters  which  are  slightly  smaller  than  an  inner  diameter 
of  the  lower  yoke  26,  respectively.  Aperture  portions  ap- 
proximately  identical  to  an  inner  diameter  of  the  cylinder 
portion  25b  are  disposed  in  the  upper  flange  25c  and 
the  lower  flange  25d,  respectively.  And,  the  upper  flange 

25c  is  disposed  at  one  end  plane  of  the  cylinder  portion 
25b  such  that  the  aperture  portion  of  the  upper  flange 
25c  and  an  opening  of  the  cylinder  portion  25b  are  in 
correspondence  to  each  other.  The  lower  flange  25d  is 

5  disposed  at  the  other  end  plane  of  the  cylinder  portion 
25b  such  that  the  aperture  portion  of  the  lower  flange 
25d  and  the  opening  of  the  cylinder  portion  25b  are  in 
correspondence  to  each  other. 

A  coil  25e  for  a  first  phase  is  wrapped  around  an 
10  outer  circumference  of  the  cylinder  portion  25b  of  the 

bobbin  25  having  the  above  mentioned  configuration. 
And,  in  the  lower  flange  25d,  there  is  provided  the  pro- 
jecting  piece  25a  for  guiding  an  end  portion  of  the  coil 
25e  wrapped  around  the  outer  circumference  of  the  cyl- 

15  inder  portion  25b  outside  the  first  stator  21  . 
The  lower  yoke  26  is,  as  mentioned  above,  cylindri- 

cal  in  shape  and  has  the  outer  shape  which  is  slightly 
smaller  than  the  inner  diameter  of  the  yoke  24.  1  n  a  near- 
ly  central  position  of  a  bottom  surface  26a  of  the  lower 

20  yoke  26,  there  is  provided  an  aperture  portion  26b  with 
a  diameter  into  which  the  rotor  magnet  23  can  be  rotat- 
ably  inserted.  At  the  periphery  of  the  aperture  portion 
26b,  for  example,  there  are  disposed  twelve  pole  teeth 
26c,  which  are  isosceles-triangle-shaped,  at  regular  in- 

25  tervals,  so  as  to  surround  the  aperture  portion  26b,  and 
which  extend  upwards  substantially  perpendicular  to  the 
bottom  surface  26a,  respectively.  In  detail,  the  pole  teeth 
26c  are  constituted  such  that  an  area  abutted  on  the  ap- 
erture  portion  26b  of  the  bottom  surface  26a  is  cut  away 

30  so  as  to  form  twelve  notch  pieces,  which  are  isosceles- 
triangle-shaped,  and  such  that  the  respective  notch 
pieces  are  bent  so  as  to  stand  upright  vertically  along 
the  aperture  portion  26b.  The  respective  pole  teeth  26c 
are  adapted  to  be  inserted  into  the  cylinder  portion  25b 

35  of  the  bobbin  25  at  the  thus-bent  state  and  to  be  abutted 
on  the  inner  wall  of  the  cylinder  portion  25b.  Further,  the 
respective  pole  teeth  26c  are  disposed  at  the  same  in- 
terval  X  as  the  respective  pole  teeth  24e  disposed  on 
the  upper  yoke  24.  Accordingly,  an  interval  between  the 

40  respective  pole  teeth  26c  is  equal  to  the  magnetizing 
interval  for  the  rotor  magnet  23.  In  addition,  the  respec- 
tive  pole  teeth  26c  are  disposed  at  positions  such  that 
the  respective  pole  teeth  24e  of  the  upper  yoke  24  are 
located  between  the  respective  pole  teeth  26c,  that  is, 

45  such  that  the  respective  pole  teeth  24e  of  the  upper  yoke 
24  are  engaged  with  the  respective  pole  teeth  26c  of  the 
lower  yoke  26,  when  the  upper  yoke  24  is  aligned  with 
the  lower  yoke  26. 

In  the  bottom  surface  26a  of  the  lower  yoke  26,  for 
so  example,  there  are  provided  ten  connecting  holes  26d 

at  regular  intervals,  so  as  to  surround  the  aperture  por- 
tion  26b.  As  will  be  described  later,  the  first  stator  21  and 
the  second  stator  22  are  fixed  by  means  of  connecting 
pins  through  the  connecting  holes  26d.  In  addition,  the 

55  lower  yoke  26  has  an  outer  circumference  26e  which  is 
slightly  lower  than  the  outer  circumference  24c  of  the 
upper  yoke  24.  In  the  outer  circumference  26e,  there  is 
provided  a  notch  portion  26f  for  guiding  the  projecting 
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piece  25a  disposed  in  the  lower  flange  25d  of  the  bobbin 
25  outside  the  first  stator  21  . 

In  the  first  stator  21  having  a  configuration  com- 
posed  of  the  above  mentioned  respective  portions  24, 
25  and  26,  a  position  of  the  notch  portion  26f  of  the  lower 
yoke  26  is  aligned  with  that  of  the  projecting  piece  25a 
of  the  bobbin  25,  and  the  bobbin  25  is  placed  on  the 
lower  yoke  26  such  that  the  respective  pole  teeth  26c  of 
the  lower  yoke  26  are  inserted  into  the  cylinder  portion 
25b  of  the  bobbin  25.  And,  the  position  of  the  projecting 
piece  25a  of  the  bobbin  25  is  aligned  with  that  of  the 
notch  piece  24d  of  the  upper  yoke  24,  and  then  the  up- 
per  yoke  24  is  aligned  with  the  lower  yoke  24  such  that 
the  respective  pole  teeth  24e  of  the  upper  yoke  24  are 
inserted  into  the  cylinder  portion  25b  of  the  bobbin  25. 
Accordingly,  within  the  cylinder  portion  25b  of  the  bobbin 
25,  the  respective  pole  teeth  24e  of  the  upper  yoke  24 
and  the  respective  pole  teeth  26c  of  the  lower  yoke  26 
are  engaged  with  each  other,  alternatively.  And,  the  bob- 
bin  25  is  put  between  the  upper  yoke  24  and  the  lower 
yoke  26  which  are  engaged  with  each  other.  The  first 
stator  21  is  formed  in  this  way. 

The  second  stator  22  has  a  configuration  reverse 
to  the  above  mentioned  first  stator  21  ,  and  is  composed 
of  an  upper  yoke  27,  a  lower  yoke  29  and  a  bobbin  28. 
The  upper  yoke  27  is  cylindrical  in  shape.  The  lower 
yoke  29  is  cylindrical  in  shape  and  has  an  inner  diameter 
which  is  slightly  larger  than  an  outer  shape  of  the  yoke 
27.  The  bobbin  28  is  held  in  inner  clearance  generated 
when  the  lower  yoke  29  is  aligned  with  the  upper  yoke 
27. 

The  upper  yoke  27,  as  mentioned  above,  is  cylin- 
drical  in  shape  and  has  an  outer  shape  which  is  slightly 
smaller  than  an  inner  diameter  of  the  lower  yoke  29.  In 
a  nearly  central  position  of  a  top  surface  27a  of  the  upper 
yoke  27,  there  is  provided  an  aperture  portion  27b  with 
a  diameter  into  which  the  rotor  magnet  23  can  be  rotat- 
ably  inserted.  Around  the  periphery  of  the  aperture  por- 
tion  27b,  for  example,  there  are  disposed  twelve  pole 
teeth  27c,  which  are  isosceles-triangle-shaped,  at  reg- 
ular  intervals,  so  as  to  surround  the  aperture  portion 
27b,  and  which  extend  downwards  substantially  per- 
pendicular  to  the  top  surface  27a,  respectively.  In  detail, 
the  pole  teeth  27c  are  constituted  such  that  an  area 
abutted  on  the  aperture  portion  27b  of  the  top  surface 
27a  is  cut  away  so  as  to  form  twelve  notch  pieces,  which 
are  isosceles-triangle-shaped,  and  such  that  the  re- 
spective  notch  pieces  are  bent  so  as  to  extend  vertically 
downwards  along  the  edge  of  the  aperture  portion  27b. 
The  respective  pole  teeth  27c  are  adapted  to  be  inserted 
into  the  cylinder  portion  28b  of  the  bobbin  28  in  the  thus- 
bent  state  and  to  be  abutted  on  an  inner  wall  of  the  cyl- 
inder  portion  28b.  Further,  the  respective  pole  teeth  27c 
are  disposed  at  the  same  interval  X  as  the  magnetizing 
interval  of  the  rotor  magnet  23. 

In  the  top  surface  27a  of  the  upper  yoke  27,  for  ex- 
ample,  there  are  provided  ten  connecting  holes  27d  at 
regular  intervals,  so  as  to  surround  the  aperture  portion 

27b.  The  first  stator  21  and  the  second  stator  22  are 
fixed  by  means  of  the  connecting  pins  through  the  con- 
necting  holes  27d.  In  addition,  the  upper  yoke  27  has 
an  outer  circumference  27e  which  is  slightly  lower  than 

5  an  outer  circumference  29c  of  the  lower  yoke  29.  In  the 
outer  circumference  27e,  there  is  provided  a  notch  por- 
tion  27f  for  guiding  a  projecting  piece  28a  disposed  in 
an  upper  flange  28c  of  the  bobbin  28  outside  the  second 
stator  21. 

10  The  bobbin  28  is  composed  of  a  portion  28b  in  the 
form  of  a  cylinder,  the  upper  flange  28c  and  a  lower 
flange  28d.  The  cylinder  portion  28b  has  a  diameter  into 
which  the  rotor  magnet  23  can  be  rotatably  inserted.  The 
upper  flange  28c  and  the  lower  flange  28d  have  diam- 

15  eters  which  are  slightly  smaller  than  an  inner  diameter 
of  the  upper  yoke  27,  respectively.  Aperture  portions  ap- 
proximately  identical  to  an  inner  diameter  of  the  cylinder 
portion  28b  are  disposed  in  the  upper  flange  28c  and 
the  lowerflange  28d,  respectively.  And,  the  upperflange 

20  28c  is  disposed  at  one  end  plane  of  the  cylinder  portion 
28b  such  that  the  aperture  portion  of  the  upper  flange 
28c  and  an  opening  of  the  cylinder  portion  28b  are  in 
correspondence  to  each  other.  The  lower  flange  28d  is 
disposed  at  the  other  end  plane  of  the  cylinder  portion 

25  28b  such  that  the  aperture  portion  of  the  lower  flange 
28d  and  the  opening  of  the  cylinder  portion  28b  are  in 
correspondence  to  each  other. 

A  coil  28e  for  a  second  phase  is  wrapped  around 
an  outer  circumference  of  the  cylinder  portion  28b  of  the 

30  bobbin  28  having  the  above  mentioned  configuration. 
And,  in  the  upper  flange  28c,  there  is  provided  the  pro- 
jecting  piece  28a  for  guiding  an  end  portion  of  the  coil 
28e  wrapped  around  the  outer  circumference  of  the  cyl- 
inder  portion  28b  outside  the  second  stator  22. 

35  In  the  lower  yoke  29,  there  is  a  support  hole  29b  for 
rotatably  supporting  the  rotation  shaft  23a  of  the  rotor 
magnet  23  at  a  nearly  central  position  of  a  bottom  sur- 
face  29a  of  the  lower  yoke  29.  Further,  in  the  bottom 
surface  29a  of  the  lower  yoke  29,  for  example,  there  are 

40  disposed  twelve  pole  teeth  29e,  which  are  isosceles-tri- 
angle-shaped,  at  regular  intervals,  so  as  to  surround  the 
support  hole  29b.  The  pole  teeth  29e  extend  upwards 
substantially  perpendicular  to  the  bottom  surface  29a, 
respectively.  In  detail,  the  pole  teeth  29e  are  constituted 

45  such  that  the  bottom  surface  29a  is  cut  away  so  as  to 
form  twelve  notch  pieces,  which  are  isosceles-triangle- 
shaped  and  are  arranged  on  a  circle  at  regular  intervals, 
and  such  that  the  respective  notch  pieces  are  bent  so 
as  to  stand  upright  relative  to  the  bottom  surface  29a. 

so  The  respective  pole  teeth  29e  are  adapted  to  be  inserted 
into  the  cylinder  portion  28b  of  the  bobbin  28,  as  de- 
scribed  later,  in  the  thus-bent  state  and  to  be  abutted  on 
the  inner  wall  of  the  cylinder  portion  28b.  Further,  the 
interval  at  which  the  respective  pole  teeth  29e  are  dis- 

ss  posed  is  the  interval  X  equal  to  the  magnetizing  interval 
for  the  rotor  magnet  23.  In  addition,  the  respective  pole 
teeth  29e  are  disposed  at  positions  such  that  the  respec- 
tive  pole  teeth  27c  of  the  upper  yoke  27  are  located  be- 
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tween  the  respective  pole  teeth  29e,  that  is,  such  that 
the  respective  pole  teeth  27c  of  the  upper  yoke  27  are 
engaged  with  the  respective  pole  teeth  29e  of  the  lower 
yoke  29,  when  the  upper  yoke  27  is  aligned  with  the  low- 
er  yoke  29. 

In  the  lower  yoke  29,  there  is  provided  a  side  portion 
29c  having  a  height  so  as  to  put  the  bobbin  28  between 
the  upper  yoke  27  and  the  lower  yoke  29,  when  the  up- 
per  yoke  27  is  aligned  with  the  lower  yoke  29.  In  the  side 
portion  29c,  there  is  provided  a  notch  portion  29d  for 
guiding  the  projecting  piece  28a  disposed  in  the  bobbin 
28  outside  the  second  stator  22. 

In  the  second  stator  22  having  a  configuration  com- 
posed  of  the  above  mentioned  respective  portions  27, 
28  and  29,  a  position  of  the  notch  portion  29d  of  the  low- 
er  yoke  29  is  aligned  with  that  of  the  projecting  piece 
28a  of  the  bobbin  25,  and  the  bobbin  28  is  placed  on  the 
lower  yoke  29  such  that  the  respective  pole  teeth  29e 
of  the  lower  yoke  29  are  inserted  into  the  cylinder  portion 
28b  of  the  bobbin  28.  And,  the  position  of  the  projecting 
piece  28a  of  the  bobbin  28  is  aligned  with  that  of  the 
notch  portion  27f  of  the  upper  yoke  27,  and  then  the  up- 
per  yoke  27  is  aligned  with  the  lower  yoke  29  such  that 
the  respective  pole  teeth  27c  of  the  upper  yoke  27  are 
inserted  into  the  cylinder  portion  28b  of  the  bobbin  28. 
Accordingly,  within  the  cylinder  portion  28b  of  the  bobbin 
28,  the  respective  pole  teeth  27c  of  the  upper  yoke  27 
and  the  respective  pole  teeth  29e  of  the  lower  yoke  29 
are  engaged  with  each  other,  alternatively.  And,  the  bob- 
bin  28  is  put  between  the  upper  yoke  27  and  the  lower 
yoke  29  which  are  engaged  with  each  other.  The  second 
stator  22  is  formed  in  this  way. 

In  the  rotor  magnet  23,  the  outer  circumference  23b 
thereof  is  alternatively  magnetized  to  a  S  pole  and  a  N 
pole,  as  shown  schematically  in  Fig.  3.  A  magnetization 
length  of  each  of  the  S  pole  and  the  N  pole  is  A/2.  When 
combining  a  the  pole  with  a  the  pole  adjacent  to  the 
above  mentioned  S  pole,  the  magnetization  length  be- 
comes  A.  As  mentioned  above,  intervals  between  the 
positions  of  the  respective  pole  teeth  24e  and  26c  dis- 
posed  respectively  in  the  upper  yoke  24  and  the  lower 
yoke  26  of  the  first  stator  21  ,  and  between  the  positions 
of  the  respective  pole  teeth  27c  and  29e  disposed  re- 
spectively  in  the  upper  yoke  27  and  the  lower  yoke  29 
of  the  second  stator  22,  are  X,  equal  to  the  magnetiza- 
tion  length  of  the  rotor  magnet  23. 

The  brush-less  motor  1  has  the  first  and  second  sta- 
tors  21  and  22  and  the  rotor  magnet  23  as  mentioned 
above,  and  is  assembled  as  described  below.  That  is, 
at  first,  one  rotation  shaft  23a  of  the  rotor  magnet  23  is 
inserted  through  the  cylinder  portion  28b  of  the  bobbin 
28  into  the  support  hole  29b  disposed  in  the  lower  yoke 
29  of  the  second  stator  22.  Next,  the  first  and  second 
stators  21  and  22  are  aligned  with  each  other,  so  as  to 
insert  the  other  rotation  shaft  23a  of  the  rotor  magnet  23 
into  the  support  hole  24b  disposed  in  the  upper  yoke  24 
through  the  cylinder  portion  25b  of  the  bobbin  25  of  the 
first  stator  21  ,  in  the  above  mentioned  state.  And,  when 

the  first  and  second  stators  21  and  22  are  aligned  with 
each  other,  the  respective  stators  21  and  22  are  fixed 
by  means  of  connecting  pins  passing  through  the  con- 
necting  hole  26d  disposed  in  the  lower  yoke  26  of  the 

5  first  stator  21  and  the  connecting  hole  27d  disposed  in 
the  upper  yoke  27  of  the  second  stator  22.  The  brush- 
less  motor  1  is  assembled  in  this  way. 

A  perfect  anti-magnetization  process  is  carried  out 
for  each  of  the  stators  21  and  22  so  that  magnetization 

10  generated  at  one  stator  is  not  leaked  into  the  other  sta- 
tor.  Further,  the  motor  is  arranged  such  that  a  first  phase 
generated  by  wrapping  the  coil  25e  around  the  bobbin 
25  of  the  first  stator  21  and  a  second  phase  generated 
by  wrapping  the  coil  28e  around  the  bobbin  28  of  the 

is  second  stator  22  are  spaced  from  each  other  by  A/4,  in 
a  state  that  the  brush-less  motor  1  is  assembled  as  men- 
tioned  above. 

An  operation  of  the  position  detecting  device  of  the 
first  embodiment  in  accordance  with  the  present  inven- 

20  tion  will  be  explained  hereafter.  At  first,  in  Fig.  1  ,  when  it 
is  specified  to  rotate  and  drive  the  brush-less  motor  1  , 
the  oscillator  2  generates  the  sine  wave  drive  signal  and 
the  cosine  wave  drive  signal  which  are  out  of  phase  with 
each  other  by  90  degrees,  and  sends  them  to  non-in- 

25  verting  input  terminals  (+)  of  the  differential  amplifiers 
4S  and  4C,  respectively. 

Since  the  respective  twelve  pole  teeth  are  disposed 
in  the  respective  yokes  24,  26,  27  and  29  in  the  respec- 
tive  stators  21  and  22  as  mentioned  above,  a  rotation 

30  angle  A  in  one  period  of  the  drive  current  signal  corre- 
sponds  to  the  pitch  of  the  pole  teeth  i.e.  A  =  2je/1  2  (rad). 
Further,  in  a  case  where  the  brush-less  motor  1  is  rotat- 
ed  at  2400  rpm,  rotational  speed  co  at  this  time  is  co  =  2 
71  •  (2400/60)  =  80  7i  (rad/sec).  Accordingly,  in  the  case 

35  where  the  brush-less  motor  1  is  rotated  and  driven  at 
2400  rpm,  the  frequency  f  of  each  drive  signal  is  f  =  co/ 
A  =  80  7c/(27c/1  2)  =  480  (Hz).  The  sine  wave  drive  signal 
and  the  cosine  wave  drive  signal  having  the  above  men- 
tioned  frequencies  of  480  Hz  are  sent  to  the  non-invert- 

40  ing  input  terminals  of  the  respective  differential  amplifi- 
ers  4S  and  AC. 

Although  explained  in  detail  later,  the  drive  signals 
which  are  presently  sent  to  the  brush-less  motor  1  are 
fed-back  to  the  non-inverting  input  terminals  (-  )  of  the 

45  respective  differential  amplifiers  4S  and  AC.  Forthis  rea- 
son,  each  of  the  differential  amplifiers  4S  and  AC  detects 
the  difference  between  the  fed-back  present  drive  signal 
and  the  sine  wave  drive  signal  or  the  cosine  wave  drive 
signal,  and  outputs  it  to  each  of  the  adders  5S  and  5C. 

so  On  the  other  hand,  the  sensor  signal  generating  cir- 
cuit  3  generates  a  sensor  signal  having  a  frequency  sev- 
eral  times  the  frequency  of  each  of  the  drive  signals,  for 
example,  a  frequency  of  10  KHz,  and  having  a  sufficient- 
ly  small  level  for  each  of  the  drive  signals,  and  sends  it 

55  to  each  of  the  adders  5S  and  5C.  Although  the  frequency 
of  the  sensor  signal  is  different  based  on  the  motor,  it  is 
desirable  to  set  a  frequency  of  a  high  frequency  area  of 
a  capacitive  component  of  a  coil  as  an  upper  limit. 

6 
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The  adder  5S  adds  the  high  frequency  sensor  sig- 
nal  to  the  sine  wave  drive  signal,  and  sends  it  to  the 
brush-less  motor  1  through  the  amplifier  6S.  And,  the 
adder  5C  adds  the  high  frequency  sensor  signal  to  the 
cosine  wave  drive  signal,  and  sends  it  to  the  brush-less 
motor  1  through  the  amplifier  6C.  That  is,  a  so-called 
driven  component  is  added  as  a  bias  to  each  of  the  drive 
signals,  which  is  sent  to  the  brush-less  motor  1  . 

Actually,  as  shown  in  Fig.  3,  the  sine  wave  drive  sig- 
nal  to  which  the  sensor  signal  is  added  is  sent  to  the  first 
stator  21  .  The  cosine  wave  drive  signal  to  which  the  sen- 
sor  signal  is  added  is  sent  to  the  second  stator  22.  Ac- 
cordingly,  each  of  the  pole  teeth  24e,  26c,  27c  and  29e 
in  each  of  the  stators  21  and  22  becomes  an  electro- 
magnet,  and  is  changed  into  the  S  pole  or  the  N  pole 
based  on  a  level  of  the  sent  drive  signal.  In  Fig.  3,  [S/N 
or  N/S]  indicates  a  polarization  change  in  each  of  the 
pole  teeth  24e,  26c,  27c  and  29e  which  is  changed  on 
the  basis  of  the  level  of  each  of  the  drive  signals. 

As  mentioned  above,  the  respective  drive  signals 
sent  to  the  first  stator  21  and  the  second  stator  22  are 
out  of  phase  by  90  degrees  from  each  other.  The  first 
phase  generated  by  wrapping  the  coil  25e  around  the 
bobbin  25  of  the  first  stator  21  and  the  second  phase 
generated  by  wrapping  the  coil  28e  around  the  bobbin 
28  of  the  second  stator  22  are  spaced  from  each  other 
by  A/4.  For  this  reason,  a  magnetic  field  which  is  a  syn- 
thesis  of  a  magnetic  field  of  the  first  phase  and  a  mag- 
netic  field  of  the  second  phase,  which  are  generated  by 
sending  the  respective  drive  signals,  becomes  a  rotation 
field.  Then,  the  rotor  magnet  23  is  rotated  and  driven 
since  it  is  pulled  by  magnetic  suction  forces  generated 
by  the  polarization  changes  of  the  respective  pole  teeth 
24e,  26c,  27c  and  29e. 

The  current  value  in  each  of  the  drive  signals  sent 
to  the  brush-less  motor  1  is  detected  in  the  form  of  a 
voltage  value  through  the  resistor  7a  of  the  drive  signal 
detection  circuit  7,  and  is  fed-back  to  the  LPF  8.  The 
LPF  8  removes  the  appropriate  signal  from  each  of  the 
drive  signals  to  which  the  sensor  signals  are  added,  and 
feeds  it  back  to  each  of  the  inverting  input  terminals  (-) 
in  each  of  the  differential  amplifiers  4S  and  4C  as  the 
drive  signal  which  is  presently  sent  to  the  brush-less  mo- 
tor  1  .  The  differential  amplifiers  4S  and  4C  detect  the 
difference  between  the  present  drive  signal  fed-back  as 
mentioned  above  and  the  respective  sine  wave  drive 
signal  or  the  cosine  wave  drive  signal  and  send  it  to  the 
respective  adder  5S  and  5C.  The  adders  5S  and  5C  add 
the  sensor  signal  to  the  respective  drive  signals  and 
send  the  result  to  the  brush-less  motor  1  .  The  rotation 
position  detecting  device  drives  the  brush-less  motor  1 
under  a  constant  current  by  using  such  a  phase  locked 
loop  configuration  (PLL  configuration). 

The  relationship  between  the  rotor  magnet  23  and 
the  sensor  signals  acting  on  the  rotor  magnet  23  through 
the  respective  pole  teeth  24e,  26c,  27c  and  29e  will  be 
explained.  Incidentally,  this  relationship  is  identical  for 
each  of  the  respective  yokes  24,  26,  27  and  29.  Thus, 

only  the  relationship  between  the  rotor  magnet  23  and 
the  sensor  signal  acting  on  the  rotor  magnet  23  through 
the  lower  yoke  26  is  explained,  and  the  other  explana- 
tions  are  omitted. 

5  At  first,  the  sensor  signal  which  is  added  to  the  sine 
wave  drive  signal  and  sent  to  the  first  phase  of  the  brush- 
less  motor  1  as  shown  in  Fig.  4  (a)  passes  through  a 
magnetic  circuit  generated  between  the  rotor  magnet  23 
and  the  lower  yoke  26  (a  comb  tooth  yoke  26)  having 

10  comb  teeth  26c  as  shown  in  dashed  lines  of  Figs.  5  (a) 
and  5  (b),  and  causes  an  excursion  between  the  rotor 
magnet  23  and  the  comb  tooth  yoke  26.  When  the  rotor 
magnet  23  is  rotated  under  this  state,  a  magnetic  resist- 
ance  in  the  magnetic  circuit  is  changed  on  the  basis  of 

is  the  rotation  of  the  rotor  magnet  23,  as  shown  in  the 
dashed  lines  in  Figs.  5  (a)  and  5  (b),  and  thereby  electric 
impedance  is  changed  periodically.  And,  the  current  val- 
ue  of  the  sensor  signal  is  increased  or  decreased  on  the 
basis  of  the  change  of  the  impedance. 

20  As  mentioned  above,  the  current  value  in  each  of 
the  drive  signals  sent  to  the  brush-less  motor  1  is  de- 
tected  in  the  form  of  the  voltage  value  through  the  resis- 
tor  7a  in  the  drive  signal  detection  circuit  7,  fed-back  to 
the  LPF  8,  and  also  sent  to  the  BPF  9.  The  BPF  9  re- 

25  moves  the  sine  wave  drive  signal  and  the  cosine  wave 
drive  signal  from  the  drive  signals  sent  from  the  drive 
signal  detection  circuit  7,  and  thereby  extracts  only  the 
respective  sensor  signals  added  to  the  respective  drive 
signals  as  shown  in  Fig.  4  (b),  and  sends  them  to  the 

30  demodulation  circuit  10,  respectively.  The  demodulation 
circuit  1  0  detects,  demodulates  and  outputs  the  envelop 
in  each  of  the  sensor  signals,  as  shown  in  Figs.  4  (c)  and 
4(d). 

As  can  be  evident  from  the  above  mentioned  expla- 
35  nations,  the  rotation  position  detecting  device  according 

to  this  embodiment  can  detect  the  rotation  position  of 
the  rotor  magnet  23  by  detecting  the  respective  sensor 
signals  whose  current  values  are  changed  on  the  basis 
of  the  change  of  the  impedance  resulting  from  the  rota- 

40  tion  of  the  rotor  magnet  23.  In  each  of  the  drive  signals, 
the  voltage  level  is  changed  due  to  a  back  electro-mo- 
tive  voltage  offset  action.  However,  the  rotation  position 
detecting  device  according  to  this  embodiment  carries 
out  a  constant  current  drive,  and  in  addition  extracts  the 

45  sensor  signal  at  the  band  pass  filter  9.  Thus,  it  is  possible 
to  detect  the  sensor  signal  without  receiving  an  influ- 
ence  of  the  change  of  the  drive  signal  and  possible  to 
accurately  carry  out  the  rotation  position  detection.  Now, 
when  trying  to  detect  the  rotation  position  of  the  rotor 

so  magnet  by  using  the  back  electro-motive  voltage,  at  a 
time  of  starting  the  motor  and  in  a  case  of  a  slow  speed 
rotation,  the  back  electro-motive  voltage  is  not  induced, 
or  even  if  induced,  a  level  thereof  is  small,  and  thereby 
it  is  not  possible  to  detect  the  rotation  position.  However, 

55  the  above  sensor  signal  can  be  detected  independent 
of  the  rotation  speed  of  the  brush-less  motor  1  .  Thus,  it 
is  possible  to  detect  the  rotation  position  of  the  rotor 
magnet  23  accurately  and  surely  even  at  the  time  of 

7 
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starting  the  motor  and  even  in  the  case  of  the  slow  speed 
rotation.  And,  it  is  possible  to  rotate  and  drive  a  so-called 
stepping  motor,  as  a  servo  motor  having  no  sensor,  with- 
out  mounting  a  rotation  detection  element.  Further,  it  is 
possible  to  fully  correct  a  slowness  of  the  maximum  ro- 
tation  speed  and  a  high  holding  current  and  the  like 
which  are  defects  of  the  stepping  motor. 

If  using  the  back  electro-motive  voltage  for  detec- 
tion  of  the  rotation  position  of  the  rotor,  kick  back  noise 
or  the  like  induced  at  a  time  of  switching  a  conducting 
timing  to  each  of  the  phases  is  added  to  the  back  electro- 
motive  voltage,  which  results  in  an  obstacle  against  an 
accurate  rotation  position  detection.  Then,  in  the  case 
where  a  brush-less  motor  is  used  for  a  servo  control 
process  requiring  accurate  rotation  position  detection, 
in  order  to  carry  out  accurate  rotation  position  detection, 
a  rotation  detection  element  must  finally  be  provided, 
which  results  in  the  inconvenience  that  the  motor  itself 
is  made  larger.  However,  the  rotation  position  detecting 
device  according  to  this  embodiment  can  carry  out  ac- 
curate  rotation  position  detection  without  being  influ- 
enced  even  if  a  level  change  is  induced  in  the  drive  sig- 
nal  as  mentioned  above.  As  a  result,  it  is  possible  to  use 
the  brush-less  motor  1  for  the  servo  control  process 
without  mounting  a  rotation  detection  element,  and 
thereby  this  rotation  position  detecting  device  can  make 
a  significant  contribution  to  making  the  brush-less  motor 
1  smaller  and  a  cost  thereof  cheaper  by  reducing  the 
number  of  the  parts  and  an  installed  area. 

And,  this  rotation  position  detecting  device  can  pro- 
vide  a  perfectly  new  sensor-less  driving  method  instead 
of  a  conventional  sensor-less  driving  method  of  detect- 
ing  the  back  electro-motive  voltage. 

Incidentally,  in  the  above  mentioned  first  embodi- 
ment,  it  is  explained  that  the  rotation  position  detecting 
device  according  to  this  embodiment  is  the  constant  cur- 
rent  drive  type.  However,  it  is  allowable  to  be  a  constant 
voltage  drive  type.  Or,  it  is  allowable  to  use  the  constant 
current  drive  type  with  the  constant  voltage  drive  type. 
In  any  of  the  drive  types,  the  rotation  position  of  the 
brush-less  motor  1  can  be  detected  as  mentioned 
above,  by  adding  the  sensor  signal,  driving  the  brush- 
less  motor  1  and  detecting  the  appropriate  sensor  sig- 
nal.  Further,  the  above  description  proposes  to  detect 
the  present  drive  signal  through  the  drive  signal  detec- 
tion  circuit  7.  However,  it  is  allowable  to  extract  the 
present  drive  signal  from  a  coil  voltage  output  terminal 
disposed  in  the  brush-less  motor  1  . 

A  rotation  position  detecting  device  of  a  second  em- 
bodiment  in  accordance  with  the  present  invention  will 
be  explained  hereafter.  This  rotation  position  detecting 
device  according  to  the  second  embodiment  generates 
and  outputs  an  encoder  pulse  which  is  a  pulse  indicating 
a  pole  number  of  the  brush-less  motor  1  ,  based  on  the 
rotation  position  detection  signal  from  the  demodulation 
circuit  10. 

That  is,  as  shown  in  Fig.  6,  the  rotation  position  de- 
tecting  device  according  to  the  second  embodiment  has 

a  configuration  in  which  an  encoder  pulse  generation 
circuit  30  is  provided  at  a  stage  after  the  demodulation 
circuit  10.  The  rotation  position  detecting  device  accord- 
ing  to  the  second  embodiment  has  the  same  configura- 

5  tion  as  the  rotation  position  detecting  device  in  accord- 
ance  with  the  first  embodiment,  except  that  the  encoder 
pulse  generation  circuit  30  is  added  as  shown  in  Fig.  6. 
For  this  reason,  in  explaining  the  rotation  position  de- 
tecting  device  according  to  the  second  embodiment,  on- 

to  ly  the  encoder  pulse  generation  circuit  30  is  explained, 
and  then  the  explanation  of  the  other  portions  is  omitted. 

Further,  in  the  encoder  pulse  generation  circuit  30, 
there  are  two  circuits,  respectively  for  the  first  and  sec- 
ond  phases  of  the  brush-less  motor  1  .  However,  the  only 

is  difference  is  that  the  rotation  position  detection  signal 
for  the  first  phase  is  sent  from  the  demodulation  circuit 
10  or  that  the  rotation  position  detection  signal  for  the 
second  phase  is  sent,  and  then  the  circuit  configurations 
are  the  same  as  each  other.  Thus,  only  the  encoder 

20  pulse  generation  circuit  30  to  which  the  rotation  position 
detection  signal  for  the  first  phase  is  sent  is  explained 
in  the  following  explanation,  the  encoder  pulse  genera- 
tion  circuit  to  which  the  rotation  position  detection  signal 
for  the  second  phase  is  sent  is  not  explained. 

25  At  first,  the  encoder  pulse  generation  circuit  30  in- 
cludes  a  threshold  value  generation  circuit  33,  an  am- 
plitude  level  correction  section  31  and  a  comparator  32. 
The  threshold  value  generation  circuit  33  outputs  a 
threshold  value  signal  of  a  predetermined  level.  The  am- 

30  plitude  level  correction  section  31  carries  out  and  out- 
puts  a  correction  of  a  predetermined  amplitude  level,  to 
the  rotation  position  detection  signal  for  the  first  phase 
from  the  demodulation  circuit  10.  The  comparator  32 
compares  the  rotation  position  detection  signal  for  the 

35  first  phase,  to  which  the  correction  of  the  amplitude  level 
is  carried  out  by  the  amplitude  level  correction  section 
31,  with  the  threshold  value  signal  from  the  threshold 
value  generation  circuit  33,  and  generates  and  outputs 
an  encoder  pulse  for  the  first  phase. 

40  In  the  encoder  pulse  generation  circuit  30  having 
the  above  mentioned  configuration,  the  rotation  position 
detection  signal  for  the  first  phase,  as  shown  in  Fig.  4 
(c),  from  the  demodulation  circuit  10  is  sent  to  the  am- 
plitude  level  correction  section  31  .  This  rotation  position 

45  detection  signal  for  the  first  phase  has  a  period  of  A/2 
as  shown  in  Fig.  4  (c)  when  the  rotor  magnet  of  the 
brush-less  motor  1  is  rotated  in  synchronization  with  the 
frequency  of  the  drive  signal.  However,  in  a  case  where 
the  rotation  of  the  rotor  magnet  is  stopped  or  the  syn- 

50  chronization  is  disordered  or  in  other  cases,  the  above 
period  performance  of  A/2  is  disturbed,  and  then  the  ro- 
tation  position  detection  signal  with  a  period  of  A  is  out- 
putted.  Further,  for  example,  if  detecting  the  rotation  po- 
sition  detection  signal  with  the  period  of  A  12  obtained  at 

55  a  time  of  the  synchronization  rotation  while  maintaining 
its  original  state  based  on  the  threshold  of  the  predeter- 
mined  level  and  then  generating  the  encoder  pulse,  the 
encoder  pulse  for  the  first  phase  and  the  encoder  pulse 
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for  the  second  phase  are  detected  in  a  state  that  they 
are  out  of  phase  by  180  degrees  from  each  other,  and 
thereby  it  is  difficult  to  judge  a  rotation  direction.  For  this 
reason,  the  amplitude  level  correction  section  31  carries 
out  a  correction  process  of  the  amplitude  level  in  such 
a  way  that  the  rotation  position  detection  signal  for  the 
first  phase  with  the  period  of  A/2  obtained  at  a  time  of 
the  synchronization  rotation  and  the  rotation  position  de- 
tection  signal  with  the  period  of  A  obtained  in  a  case  of 
a  synchronization  become  the  rotation  position  detec- 
tion  signal  with  the  normal  period  of  A,  and  sends  it  to 
the  comparator  32. 

The  threshold  value  signal  of  the  predetermined 
level  is  sent  to  the  comparator  32  from  the  threshold  val- 
ue  generation  circuit  33.  The  comparator  32  compares 
a  corrected  rotation  position  detection  signal  having  the 
normal  period  of  A  with  the  threshold  value  signal  of  the 
predetermined  level,  and  generates  the  encoder  pulse 
for  the  first  phase  having  a  period  of  A  as  shown  in  Fig. 
4  (d),  and  outputs  it  through  an  output  terminal  34. 

The  above-mentioned  correction  process  and  com- 
parison  process  of  the  amplitude  level  are  carried  out 
for  the  rotation  position  detection  signal  for  the  second 
phase,  and  thereby  the  encoder  pulse  for  the  second 
phase  having  a  period  of  A  is  generated  and  outputted, 
as  shown  in  Fig.  4  (e). 

A  peak  of  the  waveform  of  the  rotation  position  de- 
tection  signal  is  obtained  relative  to  each  of  the  pole 
numbers  while  the  brush-less  motor  1  is  rotated  one 
turn.  Thus,  it  is  possible  to  obtain  each  of  the  encoder 
pulse  having  the  period  of  A  with  the  pole  number  as  a 
resolution,  by  carrying  out  the  predetermined  amplitude 
level  correction  for  each  of  the  rotation  position  detec- 
tion  signals  and  by  comparing  the  threshold  value  signal 
and  the  level.  As  a  result,  it  is  possible  to  judge  the  ro- 
tation  direction  in  a  normal  direction  or  a  reverse  direc- 
tion  by  detecting  a  phase  relation  between  the  respec- 
tive  encoder  pulses,  and  also  possible  to  detect  a  rota- 
tion  number  (rotation  speed)  by  counting  any  of  the  en- 
coder  pulses  and  to  determine  any  positioning  by  com- 
bining  a  slow  speed  gear  mechanism. 

A  rotation  position  detecting  device  of  a  third  em- 
bodiment  in  accordance  with  the  present  invention  will 
be  explained  hereafter.  The  rotation  position  detecting 
device  according  to  the  third  embodiment  is  adapted  to 
output  a  pulse  (Z  pulse)  indicating  the  0  degree  position 
of  the  rotation  of  the  brush-less  motor  1  based  on  the 
rotation  position  detection  signal  from  the  demodulation 
circuit  10. 

That  is,  the  rotation  position  detecting  device  ac- 
cording  to  the  third  embodiment  has  a  configuration 
comprising  the  encoder  pulse  generating  circuit  30  as 
explained  in  Fig.  6  and  also  a  Z  pulse  generation  circuit 
43  as  shown  in  Fig.  7,  at  a  stage  downstream  of  the  de- 
modulation  circuit  1  0.  The  rotation  position  detecting  de- 
vice  according  to  the  third  embodiment  has  the  same 
configuration  as  the  rotation  position  detecting  device  in 
accordance  with  the  second  embodiment,  except  that 

the  Z  pulse  generation  circuit  43  is  added  as  shown  in 
Fig.  7.  For  this  reason,  in  explaining  the  rotation  position 
detecting  device  according  to  the  third  embodiment,  on- 
ly  the  Z  pulse  generation  circuit  43  will  be  explained, 

5  explanation  of  the  other  portions  being  omitted. 
The  Z  pulse  generation  circuit  43  comprises  a  noise 

removing  circuit  (LPF)  37,  an  A/D  converter  38,  a  mem- 
ory  39,  a  maximum  value  detection  circuit  40  and  a  co- 
incidence  detection  circuit  41  .  The  rotation  position  de- 

10  tection  signal  for  the  first  phase  is  sent  to  the  LPF  37 
from  the  demodulation  circuit  10.  The  AID  converter  38 
converts  the  rotation  position  detection  signal  for  the 
first  phase  from  the  noise  removing  circuit  37  into  a  dig- 
ital  value,  and  outputs  it.  The  memory  39  stores  rotation 

is  position  detection  data  for  the  first  phase  relative  to  the 
pole  number  converted  into  a  digital  value.  The  maxi- 
mum  value  detection  circuit  40  detects  the  maximum 
value  among  the  rotation  position  detection  data  for  the 
first  phase  which  is  stored  in  the  memory  39.  And,  the 

20  coincidence  detection  circuit  41  compares  the  detected 
maximum  value  with  present  first  phase  rotation  position 
detection  data  from  the  A/D  converter  38,  and  generates 
and  outputs  the  Z  pulse  at  a  timing  when  both  are  in 
coincidence  with  each  other. 

25  In  the  Z  pulse  generation  circuit  43  having  the 
above-mentioned  configuration,  the  rotation  position 
detection  signal  for  the  first  phase  is  sent  from  the  de- 
modulation  circuit  10  through  the  input  terminal  36  to  the 
LPF  37.  The  LPF  37  removes  a  noise  component  such 

30  as  spike  noise  and  the  like,  from  the  rotation  position 
detection  signal  for  the  first  phase,  and  sends  it  to  the 
A/D  converter  38.  The  A/D  converter  38  detects  the  dig- 
ital  value  of  the  rotation  detection  signal  for  the  first 
phase,  from  which  the  noise  is  removed,  and  sends  it  to 

35  the  memory  39  as  the  rotation  position  detection  data 
for  the  first  phase.  Then,  the  memory  39  stores  the  ro- 
tation  position  detection  data  relative  to  the  pole  number 
sent  continuously.  In  this  case,  since  the  above  men- 
tioned  twelve  pole  teeth  are  disposed  in  the  first  phase, 

40  the  rotation  position  detection  data  relative  to  twelve  el- 
ements  is  stored  in  the  memory  39.  The  maximum  value 
detection  circuit  40  detects  the  data  having  the  maxi- 
mum  value  among  the  twelve  rotation  position  detection 
data  stored  in  the  memory  39,  and  sends  it  to  the  coin- 

45  cidence  detection  circuit  41  as  the  maximum  value  de- 
tection  data.  Then,  the  rotation  position  detection  data 
is  sent  from  the  A/D  converter  38  to  the  coincidence  de- 
tection  circuit  41.  The  coincidence  detection  circuit  41 
compares  a  level  of  the  rotation  position  detection  data 

so  from  the  A/D  converter  38  with  a  level  of  the  maximum 
value  detection  data  from  the  maximum  value  detection 
circuit  40,  and  generates  a  Z  pulse  indicating  the  0  po- 
sition  of  the  brush-less  motor  1  at  a  timing  when  both 
levels  are  coincident  with  each  other,  and  outputs  it 

55  through  the  output  terminal  42. 
As  shown  in  Fig.  8,  in  the  rotation  position  detection 

signal,  the  peak  of  the  waveform  relative  to  the  pole 
number  is  obtained  while  the  motor  is  rotated  one  turn. 
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However,  the  peak  of  the  waveform  is  not  always  at  the 
same  level.  There  are  respective  level  errors  because 
of  a  shape  error  of  a  fixed  yoke,  an  eccentricity  of  the 
rotor  magnet  and  the  like.  This  level  error  appears  so  to 
speak  as  a  "peculiarity"  of  the  motor.  In  a  case  of  the 
motor  as  shown  in  Fig.  8,  the  rotation  position  detection 
signal  corresponding  to  a  fourth  pole  is  at  a  level  pro- 
jecting  above  the  other  rotation  position  detection  sig- 
nals.  For  this  reason,  it  is  possible  to  define  a  predeter- 
mined  position  relative  to  one  turn  as  0  and  to  generate 
and  output  the  Z  pulse  generated  at  this  rotation  timing 
of  0  ,  as  mentioned  above,  by  detecting  the  maximum 
value  among  the  twelve  rotation  position  detection  sig- 
nals  (in  a  case  in  Fig.  8,  the  rotation  position  detection 
signal  at  the  fourth  pole  is  the  maximum  value)  and  out- 
putting  the  pulse  at  a  timing  when  the  level  of  the  max- 
imum  value  is  in  coincidence  with  that  of  a  present  ro- 
tation  position  detection  signal. 

The  encoder  pulse  from  the  encoder  pulse  genera- 
tion  circuit  30  explained  in  Fig.  6  has  a  resolution  relative 
to  the  pole  number.  Forthis  reason,  it  is  possible  to  freely 
determine  the  rotation  position  of  the  brush-less  motor 
1  by  specifying  a  rotation  standard  position  for  the  motor 
based  on  the  Z  pulse  and  counting  the  encoder  pulses. 
In  this  case,  once  a  counter  of  the  encoder  pulse  is  reset 
at  a  detection  timing  of  the  Z  pulse,  the  output  timing  of 
the  Z  pulse  is  not  varied.  After  that,  it  is  possible  to  ac- 
curately  determine  the  present  rotation  position. 

Incidentally,  the  rotation  direction  of  the  motor  can 
be  detected  on  the  basis  of  the  phase  relation  between 
the  encoder  pulse  for  the  first  phase  and  the  encoder 
pulse  for  the  second  phase.  Thus,  a  displacement  of  the 
detected  timing,  from  a  time  when  one  Z  pulse  is  detect- 
ed,  to  a  time  when  a  next  Z  pulse  is  detected,  has  no 
influence. 

In  the  above  explanation  of  the  third  embodiment, 
the  apparatus  is  adapted  to  generate  and  output  the  Z 
pulse  based  on  the  rotation  position  detection  signal  for 
the  first  phase  which  is  sent  from  the  demodulation  cir- 
cuit  10.  However,  it  is  allowable  to  generate  and  output 
the  Z  pulse  based  on  the  rotation  position  detection  sig- 
nal  for  the  second  phase.  Further,  in  the  foregoing,  the 
maximum  value  detection  circuit  40  is  adapted  to  detect 
the  maximum  value  among  the  rotation  position  detec- 
tion  data  relative  to  the  number  of  the  twelve  poles.  How- 
ever,  it  is  possible  to  obtain  the  effect  similartotheabove 
mentioned  case  even  in  the  case  of  detecting  the  mini- 
mum  value  among  the  rotation  position  detection  data 
relative  to  the  number  of  the  twelve  poles  and,  in  the 
coincidence  detection  circuit  41,  detecting  the  coinci- 
dence  between  the  minimum  value  detection  data  and 
the  present  rotation  position  detection  signal  and  gen- 
erating  the  Z  pulse. 

As  a  variation  example  of  the  third  embodiment,  it 
is  allowable  to  dispose  a  standard  register  45  and  an 
actually  measured  value  register  46  as  shown  in  Fig.  9, 
instead  of  the  memory  39  and  the  maximum  value  de- 
tection  circuit  40.  That  is,  the  respective  registers  45  and 

46  have  memory  areas  of  8  bit  by  12  (a  number  related 
to  the  pole  number).  In  the  standard  register  45,  there 
is  stacked,  as  a  standard  value,  twelve  rotation  position 
detection  data  (V1  to  V1  2),  as  shown  in  Fig.  8,  which  can 

5  be  obtained  while  the  motor  is  rotated  one  turn.  In  the 
actually  measured  register  46,  there  is  sequentially 
stacked,  as  an  actually  measured  value,  rotation  posi- 
tion  detection  data  (V  NEW  to  VOLD11),  which  can  be 
obtained  when  the  motor  is  rotated. 

10  The  stacked  standard  value  is  stacked  in  advance 
in  the  standard  register  45.  In  this  case,  for  example, 
rotation  position  detection  data  for  a  fourth  pole  is  the 
maximum  value  (V  4MAX).  Further,  the  stacking  direc- 
tion  of  the  standard  value  rotation  position  detection  da- 

15  ta  is  always  one  direction,  irrespective  of  the  rotation 
direction  of  the  motor.  Once  the  standard  values  are 
stored  in  all  of  the  designated  memory  areas,  after  that, 
they  are  only  repeatedly  read  out  and  never  rewritten. 

In  contrast  with  this,  the  rotation  position  detection 
20  data,  which  can  be  obtained  continuously  by  the  rotation 

of  the  motor,  is  sequentially  stacked  in  the  actually 
measured  register  46,  which  is  sequentially  shifted  each 
time  new  rotation  position  detection  data  is  sent.  Fur- 
ther,  it  is  possible  to  detect  a  plus  or  minus  rotation  di- 

25  rection  of  the  motor,  by  detecting  the  phase  relation  be- 
tween  the  rotation  position  detection  signal  from  the  first 
phase  and  the  rotation  position  detection  signal  from  the 
second  phase.  In  a  case  that  the  motor  is  rotated  in  the 
plus  direction,  the  data  is  sequentially  stacked  in  an  ar- 

30  row  A  direction  in  Fig.  9  and  read  out,  and  in  a  case  that 
the  motor  is  rotated  in  the  minus  direction,  the  data  is 
sequentially  stacked  in  an  arrow  B  direction  in  Fig.  9  and 
read  out.  In  this  way,  the  stack  direction  is  adapted  to 
be  switched  corresponding  to  the  rotation  direction  of 

35  the  motor.  However,  when  detecting  the  output  timing  of 
the  Z  pulse,  since  the  rotation  direction  of  the  motor  is 
fixed  in  one  direction,  the  stack  direction  of  the  actually 
measured  value  register  46  is  fixed  in  one  direction. 

The  standard  value  stacked  in  the  standard  register 
40  45  is  read  out  sequentially  in  synchronization  with  the 

rotation  of  the  motor,  and  sent  to  the  coincidence  detec- 
tion  circuit  41  .  Further,  the  actually  measured  value  reg- 
ister  46  sequentially  shifts  the  rotation  position  detection 
data  (V  OLD11,  V  OLD10,  V  OLD9  ...)  which  was 

45  stacked  previously  and  sends  to  the  coincidence  detec- 
tion  circuit  41  ,  each  time  a  new  rotation  position  detec- 
tion  data  (V  NEW)  is  sent.  The  coincidence  detection 
circuit  41  compares  the  standard  value  sent  from  the 
standard  register  45  with  the  rotation  position  detection 

so  data  sent  sequentially  from  the  actually  measured  value 
register  46,  and  outputs  the  Z  pulse  at  a  timing  when  a 
relative  relation  between  both  the  value  and  the  data  be- 
comes  maximum.  Actually,  in  this  case,  the  Z  pulse  is 
outputted  at  a  timing  when  the  rotation  position  detec- 

ts  tion  data  having  the  same  value  as  the  standard  value 
of  the  fourth  pole  (V  4MAX)  is  sent. 

Accordingly,  it  is  possible  to  freely  determine  the  ro- 
tation  position  of  the  brush-less  motor  1  .  Thus,  it  is  pos- 

10 
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sible  to  obtain  an  effect  similar  to  the  third  embodiment. 
Incidentally,  also  in  this  case,  once  the  counter  of  the 
encoder  pulse  is  reset  at  the  detection  timing  of  the  Z 
pulse,  at  a  condition  that  the  output  timing  of  the  Z  pulse 
is  not  varied,  after  that,  it  is  possible  to  determine  the 
present  rotation  position  accurately.  Further,  it  is  allow- 
able  to  use  the  third  embodiment  with  this  variation  ex- 
ample  to  generate  the  Z  pulse.  In  this  case,  it  is  possible 
to  generate  the  Z  pulse  at  a  more  accurate  timing. 

Here,  as  a  prior  art,  there  is  known  a  rotation  angle 
sensor  (resolver),  which  detects,  as  a  mechanical  rota- 
tion  angle,  an  amplitude  output  of  an  induction  voltage 
obtained  from  a  stator  coil  corresponding  to  an  angle 
displacement  of  a  rotator,  by  placing,  at  an  angle  of  90°  , 
the  two  stator  coils  around  a  rotator  coil,  and  by  sending 
an  A.C.  voltage  having  a  predetermined  frequency  to 
the  rotator  coil.  Further,  a  resolver/digital  converter  (Ft/ 
D  converter)  is  also  known,  which  converts  an  analog 
signal  from  the  resolver  into  digital  data  based  on  a  pre- 
determined  algorithm. 

The  rotation  position  detecting  device  according  to 
the  second  embodiment  has  a  limit  in  the  resolution  rel- 
ative  to  the  pole  number.  However,  the  rotation  position 
detecting  device  according  to  the  fourth  embodiment  of 
the  present  invention  can  obtain  the  resolution  equal  to 
or  more  than  the  pole  number. 

That  is,  in  the  rotation  position  detecting  device  ac- 
cording  to  the  fourth  embodiment,  as  shown  in  Fig.  10, 
the  configuration  itself  is  a  configuration  similar  to  the 
R/D  converter.  However,  the  device  is  adapted  to  input 
the  respective  sensor  signals  from  the  demodulation  cir- 
cuit  10  shown  in  Fig.  1  instead  of  the  analog  signal  from 
the  resolver,  and  to  input  the  sensor  signal  from  the  sen- 
sor  signal  generation  circuit  3  instead  of  the  drive  signal 
of  the  motor  inputted  as  the  standard  signal. 

In  the  rotation  position  detecting  device  according 
tothefourth  embodiment  of  the  present  invention  having 
the  configuration  as  mentioned  above,  the  rotation  po- 
sition  detection  signal  for  the  first  phase  (sin6  •  sin 
(cot  +((>))  is  sent  to  the  above  device  from  the  demodula- 
tion  circuit  10  through  an  input  terminal  47  as  shown  in 
Fig.  1  0,  the  rotation  position  detection  signal  for  the  sec- 
ond  phase  (cos6  •  cos(cot+c|>))  is  sent  to  the  device  from 
the  demodulation  circuit  10  through  an  input  terminal  48, 
and  the  sensor  signal  (sincot)  is  sent  to  the  device  from 
the  sensor  signal  generation  circuit  3  through  an  input 
terminal  49.  The  rotation  position  detection  signal  forthe 
first  phase  is  sent  to  a  first  multiplying  circuit  51  to  which 
a  position  detection  data  (c|>)  is  sent  from  a  counter  58 
explained  later.  The  rotation  position  detection  signal  for 
the  second  phase  is  sent  to  a  second  multiplying  circuit 
52  to  which  the  position  detection  data  is  sent.  The  sen- 
sor  signal  is  sent  to  a  synchronization  rectification  circuit 
54  as  the  standard  signal  (ref). 

The  first  multiplying  circuit  51  multiplies  the  rotation 
position  detection  signal  for  the  first  phase  by  the  posi- 
tion  detection  data  (cosc|>)  defined  as  a  cosine  wave,  and 
sends  this  multiplication  signal  to  a  multiplier  53.  Fur- 

ther,  the  second  multiplying  circuit  52  multiplies  the  ro- 
tation  position  detection  signal  forthe  second  phase  by 
the  position  detection  data  (sine)))  defined  as  a  sine 
wave,  and  sends  this  multiplication  signal  to  the  multi- 

5  plier  53.  The  multiplier  53  sets  the  multiplication  signal 
from  the  first  multiplier  51  as  plus  (+),  and  the  multipli- 
cation  signal  from  the  second  multiplier  52  as  minus  (-), 
and  multiplies  both  signals  by  each  other,  and  sends  this 
multiplication  signal 

10 

(sinco  (sin6  •  cosc|>  -  cos6  •  sine)))  =  sinco  •  sin(9-ct))) 

to  the  synchronization  rectification  circuit  54.  The  sensor 
15  signal  (sincot)  is  sent  to  the  synchronization  rectification 

circuit  54  through  the  input  terminal  49  from  the  sensor 
signal  generation  circuit  3  as  the  standard  signal.  The 
synchronization  rectification  circuit  54  full-wave  rectifies 
the  multiplication  signal  with  the  standard  signal  as  a 

20  reference,  and  sends  this  full-wave  rectification  signal 
(sin(6-c|)))  to  an  integrating  circuit  55.  The  integrating  cir- 
cuit  55  integrates  this  full-wave  rectification  signal,  and 
sends  this  integration  signal  (6-c|>)  through  an  adder  56 
to  a  voltage  controlled  oscillator  (VCO)  57.  The  VCO  57 

25  oscillates  to  generate  a  pulse  signal  having  a  frequency 
corresponding  to  the  integration  signal,  and  sends  it  to 
the  counter  58.  The  counter  58  counts  the  pulse  by  a 
predetermined  number,  and  then  generates  and  outputs 
the  rotation  position  detection  data  (c|>)  indicating  the  ro- 

30  tation  position  between  the  poles  of  the  brush-less  mo- 
tor  1  .  The  rotation  position  detection  data  are  outputted 
to  the  exterior  of  the  circuit,  and  also  sent  to  the  first  and 
second  multiplying  circuits  51  and  52,  and  as  mentioned 
above,  are  set  to  cos6  and  sin6,  respectively,  and  mul- 

35  tiplied  by  the  sensor  signal  for  the  first  phase  and  by  the 
sensor  signal  for  the  second  phase.  Incidentally,  this 
loop  is  adapted  to  operate  in  such  a  way  that  the  inte- 
gration  signal  becomes  6  -  §  =  0. 

The  phase  relationship  between  the  sensor  signals 
40  for  the  first  phase  and  for  the  second  phase  which  are 

outputted  from  this  appropriate  rotation  position  detect- 
ing  device  is  the  same  as  the  phase  relationship  be- 
tween  the  amplitude  output  of  the  induction  voltage  ob- 
tained  from  the  stator  coil  corresponding  to  the  angle 

45  displacement  of  the  rotator.  Thus,  it  is  possible  to  carry 
out  a  digital  conversion  of  each  of  the  sensor  signals  by 
using  the  R/D  converter.  Thus  the  position  detection  out- 
put  from  the  R/D  converter  indicates  the  rotation  position 
between  the  poles  of  the  motor.  As  a  result,  it  is  possible 

50  to  make  the  resolution  for  the  rotation  position  detection 
of  the  motor  equal  to  or  less  than  a  distance  between 
the  poles  to  thereby  improve  the  resolution  perform- 
ance. 

In  Fig.  10,  it  is  allowable  that  the  Z  pulse  is  sent 
55  through  an  input  terminal  50,  this  Z  pulse  and  the  inte- 

gration  signal  from  the  integrating  circuit  55  are  added 
by  the  adder  56,  and  the  VCO  57  is  oscillated  and  driven 
on  the  basis  of  this  added  signal.  In  this  case,  since  the 

11 
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standard  position  is  known  from  the  Z  pulse,  the  rotation 
position  of  the  motor  can  be  detected  more  minutely  at 
a  resolution  equal  to  or  less  than  the  distance  between 
the  poles. 

Incidentally,  when  carrying  out  this  R/D  conversion, 
it  is  desirable  to  adjust  in  advance  a  wire  construction 
of  the  brush-less  motor  1  and  the  like,  in  such  a  way  that 
there  is  little  irregularity  in  the  rotation  position  detection 
signal  (impedance  wave  form)  between  the  respective 
poles  and  that  each  of  the  rotation  position  detection  sig- 
nals  is  changed  as  an  ideal  sine  wave  function  for  a 
phase  angle  (position). 

The  resolution  of  the  above-mentioned  rotation  po- 
sition  detection  depends  on  an  error  of  the  respective 
rotation  position  detection  signals  (impedance  output) 
from  the  demodulation  circuit  1  0,  a  S/N  ratio  and  an  ac- 
curacy  of  Cosc|>  and  Sine))  of  the  respective  multiplying 
circuits  51  and  52.  For  this  reason,  the  conventional  Ft/ 
D  converter  adjusts  a  wire  construction  on  a  connected 
side  of  the  motor  in  order  to  obtain  the  resolution  with  a 
high  accuracy.  However,  such  an  adjustment  is  very  dif- 
ficult. 

A  first  variation  example  of  the  rotation  position  de- 
tecting  device  according  to  the  fourth  embodiment,  ex- 
plained  below,  intends  to  avoid  this  difficult  adjustment 
of  the  wire  construction  on  the  motor  side  and  the  like, 
to  thereby  improve  a  detection  accuracy,  by  electrically 
correcting  the  error  of  the  respective  rotation  position 
detection  signal  and  the  accuracy  of  the  respective  mul- 
tiplying  circuits  51  and  52. 

That  is,  as  shown  in  Fig.  1  1  ,  the  rotation  position  de- 
tecting  device  according  to  the  first  variation  example 
has  a  configuration  in  which  a  first  correction  circuit  59 
and  a  second  correction  circuit  60  are  respectively  up- 
stream  of  the  first  multiplying  circuit  51  and  the  second 
multiplying  circuit  52.  The  first  correction  circuit  59  gen- 
erates  first  correction  data  to  correct  the  rotation  posi- 
tion  detection  signal  for  the  first  phase  from  the  demod- 
ulation  circuit  10.  The  second  correction  circuit  60  gen- 
erates  second  correction  data  to  correct  the  rotation  po- 
sition  detection  signal  for  the  second  phase  from  the  de- 
modulation  circuit  10. 

The  first  correction  data  and  the  second  correction 
data,  which  are  measured  in  advance  corresponding  to 
the  motor  to  which  this  appropriate  rotation  position  de- 
tection  device  is  connected,  are  respectively  stored  in 
the  first  and  second  correction  circuits  59  and  60.  In 
practice,  the  respective  correction  data  is  measured  as 
described  below.  That  is,  as  shown  in  Fig.  12,  a  rotation 
shaft  of  a  so-called  rotary  encoder  61  to  which  a  calibra- 
tion  motor  62  is  connected  is  connected  through  a  con- 
necting  tube  63  to  a  rotation  shaft  of  the  brush-less  mo- 
tor  1  which  is  a  target,  and  then  the  calibration  motor  62 
is  accurately  rotated  step  by  step  for  a  micro  angle.  And, 
the  R/D  converter  shown  in  Fig.  10,  which  is  disposed  in 
the  brush-less  motor  1  together  with  the  calibration  mo- 
tor  62,  is  operated.  A  loop  is  fixed  in  such  a  way  that  $ 
=  6,  and  the  first  correction  data  (Ac(c|>))  and  the  second 

correction  data  (As(c|>))  are  sequentially  measured.  The 
respective  correction  data  which  are  prepared  in  ad- 
vance  in  this  way  are  stored  in  the  respective  correction 
circuits  59  and  60. 

5  When  the  rotation  position  detection  data  (c|>)  is  sent 
from  the  counter  58,  the  first  correction  circuit  59  cor- 
rects  the  data  based  on  the  first  correction  data  (Ac(c|>)), 
and  sends  the  corrected  data  to  the  first  multiplying  cir- 
cuit  51  .  When  the  rotation  position  detection  data  (c|>)  is 

10  sent  from  the  counter  58,  the  second  correction  circuit 
60  corrects  the  data  based  on  the  second  correction  da- 
ta  (As(c|>)),  and  sends  the  corrected  data  to  the  second 
multiplying  circuit  52.  The  first  multiplying  circuit  51  mul- 
tiplies  the  rotation  position  detection  signal  for  the  first 

is  phase  which  is  sent  through  the  input  terminal  47,  by 
the  first  corrected  data,  and  sends  the  result  to  the  mul- 
tiplier  53.  And,  the  second  multiplying  circuit  52  multi- 
plies  the  rotation  position  detection  signal  for  the  second 
phase  which  is  sent  through  the  input  terminal  48,  by 

20  the  second  corrected  data,  and  sends  the  result  to  the 
multiplier  53.  As  mentioned  above,  each  of  the  correc- 
tion  data  is  a  value  which  is  measured  in  advance  cor- 
responding  to  the  connected  motor.  Thus,  it  is  possible 
to  most  suitably  correct  the  rotation  position  detection 

25  signal  for  each  of  the  phases.  As  a  result,  irrespective 
of  the  error  of  the  respective  rotation  position  detection 
signals  (impedance  output)  from  the  demodulation  cir- 
cuit  1  0,  the  S/N  ratio  and  the  accuracy  of  Costy  and  Sine)) 
of  the  respective  multiplying  circuits  51  and  52,  it  is  pos- 

30  sible  to  obtain  the  rotation  position  detection  data  with 
a  high  accuracy  and  resolution,  even  without  adjusting 
the  wire  construction  on  the  connected  side  of  the  motor. 

A  second  variation  example  of  the  rotation  position 
detecting  device  according  to  the  fourth  embodiment  will 

35  be  explained  hereafter.  Although  in  the  explanation  of 
the  first  variation  example,  each  of  the  first  and  second 
correction  data  is  prepared  in  advance  to  correct  the  ro- 
tation  position  detection  signal  in  each  of  the  phases,  in 
the  rotation  position  detecting  device  according  to  the 

40  second  variation  example,  common  correction  data  is 
used  for  correcting  the  rotation  position  detection  signal 
in  each  of  the  phases. 

That  is,  as  shown  in  Fig.  13,  the  rotation  position  de- 
tecting  device  according  to  the  second  variation  exam- 

45  pie  has  a  configuration  in  which  a  correction  circuit  64 
is  disposed  at  a  stage  upstream  of  the  first  multiplying 
circuit  51  and  the  second  multiplying  circuit  52.  The 
common  correction  data  to  correct  rotation  position  de- 
tection  data  from  a  counter  58  is  stored  in  the  correction 

50  circuit  64. 
In  the  correction  circuit  64,  there  is  stored  in  ad- 

vance  common  correction  data  (Acj)),  which  is  a  value 
determined  on  the  basis  of  a  correction  curve  indicating 
a  relationship  between  rotation  position  detection  data 

55  (§)  outputted  from  the  counter  58,  as  shown  in  Fig.  14, 
and  rotation  position  detection  data  obtained  by  suit- 
ably  correcting  the  above  rotation  position  detection  da- 
ta  (c|>),  by  using  the  rotary  encoder  61  explained  in  Fig. 

12 
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12.  When  the  rotation  position  detection  data  (c|>)  is  sent 
from  the  counter  58,  the  correction  circuit  64  corrects 
the  data  based  on  the  common  correction  data,  and 
thereby  generates  correction  rotation  position  detection 
data  (c|>  +  Act)  =  §'),  and  sends  the  data  to  the  multiplying 
circuits  51  and  52.  As  a  result,  it  is  possible  to  obtain  the 
effect  similar  to  the  first  variation  example. 

Incidentally,  in  the  above  explanations  of  the  re- 
spective  variation  examples,  the  correction  data  is  gen- 
erated  by  using  the  rotary  encoder  61  and  the  calibration 
motor  62.  However,  the  correction  data  can  be  generat- 
ed,  for  example,  by  substituting  something  to  have  a  lit- 
tle  accurate  encoding  function,  such  as  image  synchro- 
nization  data  included  in  image  data  reproduced  from 
an  optical  disk  for  image  data,  bit  synchronization  data 
included  in  voice  data  reproduced  from  a  standard  type 
reproducing  dedicated  disk  for  music,  and  the  like.  In 
this  case,  it  is  measured  at  a  realtime  while  the  brush- 
less  motor  1  is  rotated. 

A  rotation  position  detecting  device  according  to  a 
fifth  embodiment  of  the  present  invention  will  now  be  ex- 
plained.  The  rotation  position  detecting  device  accord- 
ing  to  the  fifth  embodiment  mounts  a  cogging  drive  cir- 
cuit  56  as  shown  in  Fig.  15  on  the  rotation  position  de- 
tecting  device  explained  previously,  to  thereby  carry  out 
a  cogging-less,  jitter-less,  constant  torque  drive  of  a  mo- 
tor. 

In  Fig.  15,  the  cogging  drive  circuit  68  has  a  correc- 
tion  circuit  67,  a  memory  66  and  a  control  circuit  65.  The 
correction  circuit  67  carries  out  a  predetermined  correc- 
tion  process  for  the  sine  drive  signal  and  the  cosine  drive 
signal  from  the  oscillator  2  and  sends  its  output  to  the 
respective  differential  amplification  circuits  4S  and  4C. 
The  memory  66  stores  an  optimum  drive  signal  pattern 
which  is  a  pattern  of  each  of  the  drive  signals  enabling 
the  cogging-less,  jitter-less,  constant  torque  drive  of  the 
motor.  The  control  circuit  65  detects  the  pattern  of  each 
of  the  drive  signals  which  is  optimum  for  a  condition  and 
stores  it  in  the  memory  66,  based  on  the  rotation  position 
detection  signal  from  the  demodulation  circuit  10,  the 
present  drive  signal  from  the  LPF  8  and  the  standard 
signal  from  an  electronic  apparatus  which  is  added  to 
the  motor,  and  further  in  an  actual  drive,  reads  out  the 
optimum  drive  signal  pattern  from  this  memory,  and  cor- 
rects  and  controls  each  of  the  drive  signals  through  the 
correction  circuit  67. 

The  cogging  drive  circuit  68  having  the  above-men- 
tioned  configuration  operates  in  a  pattern  detection 
mode  for  detecting  the  optimum  drive  signal  pattern  be- 
fore  normally  rotating  and  driving  the  motor.  An  opera- 
tion  of  the  pattern  detection  mode  is  illustrated  in  a  flow 
chart  of  Fig.  16.  The  flow  chart  in  Fig.  16  starts,  for  ex- 
ample,  when  a  main  power  supply  is  turned  on,  and  pro- 
ceeds  to  a  step  S1  . 

At  the  step  S1  ,  the  control  circuit  65  controls  the  cor- 
rection  circuit  67  such  that  each  of  the  drive  signals  out- 
putted  from  the  oscillator  2  is  outputted  while  maintain- 
ing  each  original  state  (as  an  original  drive  signal)  and 

proceeds  to  a  step  S2.  At  the  step  S2,  the  control  circuit 
65  detects  a  jitter  value  (or  allowable  for  an  absolute 
amount  of  the  cogging)  based  on  the  standard  signal 
sent  through  an  input  terminal  71  from  an  electronic  ap- 

5  paratus  loaded  on  the  motor  since  the  motor  is  driven 
by  the  original  drive  signal,  and  once  stores  it  in  a  RAM 
mounted  within  the  control  circuit  65  as  an  initial  jitter 
value,  and  proceeds  to  a  step  S3. 

In  practice,  as  the  standard  (reference)  signal,  in  a 
10  case  where  the  electronic  apparatus  provided  as  a  load 

of  the  motor  is  an  image  apparatus,  such  as  a  video  tape 
recorder,  an  optical  video  disk  and  the  like,  it  is  possible 
to  use  a  horizontal  synchronization  signal  or  a  vertical 
synchronization  signal  included  in  the  image  signal,  and 

is  in  the  case  where  the  electronic  apparatus  is  a  music- 
reproducing  dedicated  optical  disk,  it  is  possible  to  use 
a  frame  synchronization  signal  or  an  RF  signal.  Also, 
encoded  data  from  a  so-called  rotary  encoder  is  allow- 
able. 

20  At  the  step  S3,  the  control  circuit  65  detects  a  rota- 
tion  angle  based  on  the  rotation  position  detection  signal 
sent  through  an  input  terminal  69,  and  controls  the  cor- 
rection  circuit  67  so  as  to  add  a  correction  signal  (Al(6)), 
having  a  predetermined  micro  level  corresponding  to 

25  the  rotation  angle,  to  each  of  the  drive  signals  (I  (6)),  that 
is,  (I  (6)  ->  l(6)  +  Al  (6)).  Next,  the  control  circuit  65  detects 
the  jitter  value  obtained  by  adding  this  correction  signal 
and  by  driving  the  motor,  based  on  the  rotation  position 
detection  signal  sent  through  the  input  terminal  69,  by 

30  a  k  point  (k  is  1  to  n)  for  one  turn,  and  stores  it  in  the 
RAM  once,  and  proceeds  to  a  step  S4,  that  is,  (l(k)  -> 
ln(k)  +  Al(k)  :  ln(k)  is  a  nominal  current  value  in  the  k 
point). 

In  the  step  S4,  the  control  circuit  65  reads  out  and 
35  compares  an  original  jitter  value  stored  in  the  RAM,  and 

the  above  mentioned  jitter  value  obtained  by  adding  the 
correction  signal  and  driving  the  motor,  and  judges 
whether  or  not  there  is  a  change  in  the  jitter  value.  And, 
if  YES,  the  control  circuit  65  proceeds  to  a  step  S5.  If 

40  NO,  it  is  indicated  that  the  value  in  a  present  drive  signal 
is  proper,  and  thereby  the  control  circuit  65  proceeds  to 
a  step  S7.  Then,  the  control  circuit  65  stores  the  value 
of  the  present  drive  signal  sent  through  an  input  terminal 
70  from  the  LPF  8,  in  the  memory  66,  and  proceeds  to 

45  a  step  S8. 
At  the  step  S5,  the  control  circuit  65  compares  the 

respective  jitter  values,  and  judges  whether  or  not  the 
jitter  value  after  the  correction  becomes  smaller  than 
that  before  the  correction.  If  NO,  the  control  circuit  65 

so  proceeds  to  a  step  S6.  And,  at  this  step  S5,  if  judged  as 
YES,  the  control  circuit  65  returns  to  the  step  S3  since 
there  is  a  possibility  that  the  jitter  value  can  be  more 
smaller  by  adding  the  correction  signal.  And,  until 
judged  as  NO,  a  routine  from  the  step  S3  to  the  step  S5 

55  is  repeated. 
At  the  step  S5,  if  judged  as  NO,  it  is  indicated  that 

the  jitter  value  is  increased  by  adding  the  correction  sig- 
nal  and  that  the  value  of  the  drive  signal  before  one  cor- 

13 
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rection  is  better  than  the  value  of  the  present  drive  sig- 
nal.  For  this  reason,  at  the  step  S6,  the  control  circuit  65 
detects  the  value  of  the  drive  signal  before  one  correc- 
tion,  and  proceeds  to  a  step  S7.  And,  at  this  step  S7, 
the  control  circuit  65  stores  in  the  memory  66  the  value 
of  the  drive  signal  before  the  above-mentioned  one  cor- 
rection,  and  proceeds  to  a  step  S8.  At  the  step  S8,  the 
control  circuit  65  judges  whether  or  not  all  the  measure- 
ments  are  finished.  If  YES,  the  control  circuit  65  finishes 
the  pattern  detection  mode  as  it  is,  and  if  NO,  proceeds 
to  a  step  S9.  At  the  step  S9,  since  all  the  measurements 
are  not  finished,  the  control  circuit  65  changes  the  value 
(Al(k))  of  the  correction  signal  into  a  value  (A  l'(k))  of  a 
new  correction  signal,  and  returns  to  the  step  S3.  After 
that,  the  control  circuit  65  repeats  the  respective  routine 
until  judged  as  YES  at  the  step  S8. 

Accordingly,  the  value  of  the  drive  signal  which  is 
optimum  for  the  condition  is  stored  in  the  memory  66, 
and  thereby  the  optimum  drive  signal  pattern  is  gener- 
ated.  The  control  circuit  65,  when  the  optimum  drive  sig- 
nal  pattern  is  generated  in  the  memory  66,  reads  it  out 
at  a  time  of  a  normal  rotation  control,  and  controls  the 
correction  circuit  67  such  that  each  of  the  drive  signals 
from  the  oscillator  2  is  suitably  corrected  on  the  basis  of 
the  optimum  drive  signal  pattern.  The  optimum  drive  sig- 
nal  pattern  stored  in  the  memory  66  is  data  measured 
in  advance  so  as  to  be  the  optimum  drive  signal  for  the 
condition.  For  this  reason,  it  is  possible  to  carry  out  the 
cogging-less,  jitter-less,  constant  torque  drive  of  the  mo- 
tor,  by  correcting  each  of  the  drive  signals  based  on  the 
optimum  drive  signal  pattern.  Further,  even  a  cheap  mo- 
tor  can  carry  out  such  a  torque-clip-less  control.  As  a 
result,  for  example,  it  is  possible  to  improve  an  accuracy 
of  a  portable  headphone  player,  an  optical  disk  player 
or  the  like,  in  which  such  a  cheap  motor  is  used,  and 
possible  to  make  a  cost  thereof  cheaper. 

Incidentally,  it  is  not  needed  to  detect  such  an  opti- 
mum  drive  signal  pattern  at  a  time  of  a  normal  rotation 
drive  of  a  motor.  And,  in  the  pattern  detection  mode,  the 
detection  can  be  finished  while  the  motor  is  rotated  and 
driven  for  a  few  turns  to  several  tens  of  turns,  and  it  does 
not  take  a  long  time.  Further,  the  value  of  the  correction 
signal  is,  for  example,  a  value  of  a  sine  wave  having  one 
period  at  k  =  1  to  n,  a  value  increased  or  decreased  at 
an  angle  relative  to  a  pole  number  of  a  motor,  or  a  func- 
tion  relative  to  harmonic  waves  thereof.  Thus,  actually, 
some  estimate  can  be  given,  and  thereby  it  is  possible 
to  cause  faster  convergence  thereof. 

Here,  if  a  level  of  the  correction  signal  is  not  micro, 
there  is  a  fear  that  hunting  is  induced  in  the  jitter  amount. 
However,  if  the  level  of  the  correction  signal  is  too  micro, 
the  convergence  is  delayed.  For  this  reason,  it  is  desir- 
able  to  carry  out  a  so-called  weight  setting  for  the  cor- 
rection  signal  (Al(k))  and  to  suitably  change  this  weight 
setting  coefficient.  This  weight  setting  is  carried  out,  for 
example,  by  using  a  Newton  method  in  a  so-called  linear 
network  method  of  calculating  d  (a  jitter  value)  /d(AI(k)) 
and  defining  it  as  the  coefficient,  or  by  using  a  back  prop- 

agation  method  (a  BP  method)  in  a  neural  network.  If  it 
is  possible  to  detect  a  current  distribution  of  causing  the 
jitter  value  and  the  like  to  be  minimum,  any  method  can 
be  applied. 

5  Incidentally,  in  the  fifth  embodiment,  the  above  ex- 
planation  proposes  to  measure  the  jitter  value  or  the  ab- 
solute  amount  of  the  cogging.  However,  in  a  case  where 
the  appropriate  rotation  position  detecting  device  is  pro- 
vided  in  a  pick-up  device  which  can  detect  vibration  of 

10  a  motor,  it  is  possible  to  obtain  an  effect  similar  to  the 
above-mentioned  cases,  by  detecting  the  vibration  of 
the  motor  and  then  generating  the  optimum  drive  signal 
pattern. 

At  the  step  S9,  the  value  of  the  correction  signal  is 
is  updated  every  loop.  However,  it  is  allowable  to  sequen- 

tially  modify  it  (change  I  at  an  order  of  1  to  n). 
The  optimum  drive  signal  pattern  is  detected  before 

the  motor  is  normally  rotated  and  driven.  However,  it  is 
allowable  to  detect  in  advance  the  optimum  drive  signal 

20  pattern  corresponding  to  the  motor,  store  it  in  a  ROM, 
mount  this  in  a  product,  and  rotate  and  drive  the  motor 
while  referring  to  this  ROM  table  corresponding  to  the 
rotation  speed  at  a  time  of  driving  the  motor.  In  this  case, 
it  is  desirable  that  the  jitter  value  is  constant  and  not  pro- 

25  portional  to  the  rotation  speed.  However,  even  if 
changed,  it  is  allowable  to  insert  in  a  form  of  a  table  ref- 
erence,  by  carrying  out  the  above  mentioned  optimiza- 
tion  at  the  rotation  speed. 

A  motor  device  will  be  explained  as  a  sixth  embod- 
30  iment  in  accordance  with  the  present  invention.  In  the 

sixth  embodiment,  as  shown  in  Fig.  17,  the  envelope  of 
a  sensor  signal  obtained  from  the  demodulation  circuit 
10  is  sent  to  a  sensor  voltage  correction  circuit  12  to 
thereby  correct  the  voltage  of  the  sensor  signal  corre- 

35  sponding  to  a  sine  wave  drive  signal  from  the  oscillator 
2. 

Here,  in  Fig.  17,  a  motor  drive  signal  in  each  of  the 
phases  (a  sine  wave  and  a  cosine  wave)  of  a  motor  1  is 
detected  by  the  respective  drive  signal  detection  circuits 

40  7S  and  7C.  That  is,  a  current  value  of  the  sine  wave 
drive  signal  (to  which  a  sensor  signal  sent  to  the  brush- 
less  motor  1  through  an  amplifier  6S  is  added)  is  detect- 
ed  as  a  voltage  value  by  a  resistor  7aS  of  the  drive  signal 
detection  circuit  7S.  A  current  value  of  the  cosine  wave 

45  drive  signal  (to  which  a  sensor  signal  sent  to  the  brush- 
less  motor  1  through  an  amplifier  6C  is  added)  is  detect- 
ed  as  the  voltage  value  by  a  resistor  7aC  of  the  drive 
signal  detection  circuit  7C.  The  motor  drive  signal  in- 
cluding  the  sine  wave  drive  signal  detected  by  the  resis- 

50  tor  7aS  of  the  drive  signal  detection  circuit  7S  is  fed- 
backto  an  inverting  input  terminal  (-)  of  a  differential  am- 
plifier  4S  through  a  LPF  (low  pass  filter)  8S.  The  motor 
drive  signal  including  the  cosine  wave  drive  signal  de- 
tected  by  the  resistor  7aC  of  the  drive  signal  detection 

55  circuit  7C  is  fed-back  to  an  inverting  input  terminal  (-)  of 
a  differential  amplifier  4C  of  a  LPF  8C.  Further,  the  signal 
detected  by  the  resistor  7aS  of  the  drive  signal  detection 
circuit  7S  is  sent  to  a  BPF  (band  pass  filter)  9S  and  the 
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sensor  signal  having  a  high  frequency  is  extracted,  and 
sent  to  a  demodulation  circuit  10S,  and  the  envelope  is 
detected.  This  is  sent  to  a  sensor  voltage  correction  cir- 
cuit  12S.  The  sine  wave  drive  signal  is  sent  to  the  sensor 
voltage  correction  circuit  1  2S  from  the  LPF  8S,  and  then 
the  sensor  voltage  is  corrected  corresponding  to  the 
sine  wave  drive  signal.  An  output  from  the  sensor  volt- 
age  correction  circuit  1  2S  is  sent  to  a  circuit  for  a  motor 
servo  lock.  However,  in  this  example,  a  phase  difference 
between  the  output  and  the  sine  wave  drive  signal  from 
the  oscillator  2  is  detected  by  sending  the  output  to  a 
phase  difference  detection  circuit  1  3S,  and  this  detected 
phase  difference  signal  is  sent  to  a  gain  control  terminal 
of  the  amplifier  6S,  and  a  rotation  phase  control  is  car- 
ried  out  by  controlling  this  gain  of  the  amplifier  6S. 

Similarly,  in  the  case  of  the  signal  detected  by  the 
resistor  7aC  of  the  drive  signal  detection  circuit  7C,  the 
sensor  signal  is  extracted  by  the  BPF  9C,  and  sent  to  a 
demodulation  circuit  10C,  and  the  envelop  is  detected 
and  sent  to  a  sensor  voltage  correction  circuit  1  2C.  The 
cosine  wave  drive  signal  is  sent  to  the  sensor  voltage 
correction  circuit  1  2C  from  the  LPF  8C.  The  sensor  volt- 
age  is  corrected  corresponding  to  this  cosine  wave  drive 
signal.  For  an  output  from  the  sensor  voltage  correction 
circuit  12C,  a  phase  difference  between  the  output  and 
the  cosine  wave  drive  signal  is  detected  by  a  phase  dif- 
ference  detection  circuit  13C.  This  detected  phase  dif- 
ference  signal  is  sent  to  a  gain  control  terminal  of  the 
amplifier  6C. 

A  correction  of  an  envelop  voltage  of  the  sensor  sig- 
nal  by  means  of  each  of  the  sensor  voltage  correction 
circuits  12S  and  12C  will  be  explained  hereinafter.  This 
is  carried  out  in  order  to  correct  the  error  of  the  rotation 
position  detection,  due  to  the  level  change  of  the  sensor 
signal  detected  corresponding  to  the  change  of  the  mag- 
netic  resistance,  since  the  magnetic  resistance  of  a  yoke 
is  changed  corresponding  to  the  drive  current  flowing  in 
a  coil  of  the  motor.  That  is,  a  curve  a  in  Fig.  18  shows  a 
magnetic  flux  B  interlinked  at  the  coil  yoke  of  the  motor, 
and  a  curve  b  shows  a  magnetic  permeability  u.  of  the 
coil  yoke.  The  horizontal  axis  in  Fig.  18  represents  a 
magnetic  field  H  applied  to  the  coil  yoke  and  a  current  I 
flowing  in  the  coil.  As  shown  in  the  curve  a  in  Fig.  18,  the 
magnetic  flux  B  interlinked  at  the  coil  yoke  of  the  motor 
is  a  sum  of  an  outer  magnetic  field  Bmag  generated  by 
the  rotor  magnet,  and  a  magnetic  field  BcoN  generated 
by  the  current  flowing  in  the  coil,  for  example,  ia.  It  is 
known  that  the  larger  the  current  i,  the  smaller  the  mag- 
netic  permeability  u,,  and  thereby  the  magnetic  resist- 
ance  becomes  larger.  Thus,  the  level  of  the  sensor  sig- 
nal  detected  corresponding  to  the  drive  current  is 
changed,  in  a  state  where  the  sensor  signal  added  to 
the  drive  signal  is  extracted  from  the  demodulation  cir- 
cuit  10S  or  10C.  As  a  result,  it  is  necessary  to  correct 
this  changed  amount.  This  correction  can  be  carried  out 
by  using  a  function  calculation  or  a  table  conversion. 

Incidentally,  the  other  portions  shown  in  Fig.  17  are 
similar  to  those  shown  in  Fig.  1  .  Thus,  identical  reference 

numerals  are  given  to  the  portions  corresponding  to  the 
respective  portions  shown  in  Fig.  1  ,  and  the  explanation 
of  these  portions  is  omitted. 

By  the  way,  as  a  rotation  servo  technique  of  the  mo- 
5  tor,  there  is  a  zero-crossing  method.  That  is,  a  sensor 

output  envelop  is  sampled,  at  a  point  where  the  drive 
current  becomes  zero.  Based  on  this,  a  relationship  be- 
tween  the  sensor  voltage  value  and  a  phase  angle  when 
the  drive  current  measured  in  advance  is  0  is  generated 

10  for  reference  by  using  a  table  or  an  approximate  func- 
tion.  The  phase  angle  of  the  rotor  is  calculated.  Then,  a 
drive  current  value  and  a  frequency  are  determined  on 
the  basis  of  the  value. 

Fig.  19  is  a  view  explaining  a  method  of  sampling 
is  the  sensor  signal  at  a  timing  of  the  zero-crossing  point 

of  the  drive  signal.  Fig.  1  9A  shows  a  sine  wave  signal  i0 
coscot  from  the  oscillator  2.  An  envelop  of  the  sensor 
signal  shown  in  Fig.  1  9B  is  sampled  at  a  time  tz,  a  timing 
of  the  zero-crossing  point  Zp  of  this  sine  wave  signal  i0 

20  coscot.  A  sampling  hold  signal  is  obtained  as  shown  in 
Fig.19C.  The  sampling  hold  signal  is  a  voltage  signal 
(for  example,  defined  as  VA).  It  is  compared  with  a  pre- 
determined  standard  voltage  (for  example,  defined  as 
VR),  and  the  difference  AV  (for  example,  AV  =  VR  -  VA) 

25  is  calculated.  By  multiplying  this  by  a  predetermined  co- 
efficient  k,  a  changed  amount  Ai  of  the  amplitude  of  the 
drive  signal  is  calculated  as  shown  in  Fig.19D.  That  is, 
the  drive  signal  is  (i0  +  Ai)  coscot,  from  this  changed 
amount  Ai.  In  this  case,  the  correction  of  the  sensor  volt- 

30  age  is  a  fixed  condition  when  the  drive  current  is  0.  Thus, 
the  correction  is  not  needed,  or  a  simply  calculated  cor- 
rection  is  sufficient. 

As  a  basic  operation  of  the  correction  of  the  above- 
mentioned  sensor  voltage,  it  is  considered  that  the  sen- 

35  sor  voltage  is  always  corrected  corresponding  to  the 
current  value  of  the  drive  signal  in  each  of  the  phases. 
However,  as  a  simpler  method,  the  correction  can  be 
omitted  by  setting  the  zero-crossing  point  of  the  drive 
signal  to  a  sampling  point  of  a  sensor  voltage  envelop, 

40  as  mentioned  above.  Further,  as  another  method,  the 
following  method  is  considered.  That  is,  a  point  is  de- 
tected  at  which  the  current  values  of  the  drive  signals  in 
the  respective  phases  (the  sine  wave  drive  signal  and 
the  cosine  wave  drive  signal)  are  equal  to  each  other, 

45  and  the  sensor  voltage  is  sampled  at  this  point. 
Figs.  20  and  21  are  views  explaining  a  method  of 

sampling  the  sensor  voltage  at  a  point  at  which  the  cur- 
rent  values  of  the  drive  signals  in  the  respective  phases 
are  equal  to  each  other  as  mentioned  above. 

so  Fig.  20  is  a  block  diagram  showing  a  schematic  con- 
figuration  of  a  motor  device  as  a  seventh  embodiment 
according  to  the  present  invention.  In  Fig.  20,  the  sine 
wave  drive  signal  and  the  cosine  wave  drive  signal  are 
sent  from  the  oscillator  2  to  a  comparator  14.  Fig.  21  is 

55  a  view  explaining  an  operation  of  the  comparator  1  4.  As 
for  a  sine  wave  drive  signal  a  shown  in  Fig.  21  A  and  a 
cosine  wave  drive  signal  b  shown  in  Fig.  21  B,  a  timing 
when  current  values  of  the  drive  signals  a  and  b  in  these 
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respective  phases  are  coincident  with  each  other,  that 
is,  a  time  tc  when  they  have  the  same  values  c  is  detect- 
ed,  and  then  sampling  pulse  is  outputted.  This  sampling 
pulse  from  the  comparator  1  4  is  sent  to  sample/hold  (S/ 
H)  circuits  15S,  15C,  16S  and  16C,  respectively. 

The  sample/hold  (S/H)  circuit  15S  samples  and 
holds  an  envelop  of  a  sensor  signal  from  a  demodulator 
1  0S  and  sends  its  output  to  a  sensor  voltage  correction 
circuit  12S.  The  sample/hold  (S/H)  circuit  15C  samples 
and  holds  an  envelop  from  a  sensor  signal  from  a  de- 
modulator  1  0C  and  sends  its  output  to  a  sensor  voltage 
correction  circuit  1  2C.  The  sample/hold  (S/H)  circuit  1  6S 
samples  and  holds  a  sine  wave  drive  signal  from  the 
oscillator  2,  sends  its  output  to  the  sensor  voltage  cor- 
rection  circuit  12S,  and  controls  a  correction  amount.  A 
signal  from  the  sensor  voltage  correction  circuit  12S  is 
sent  to  a  gain  control  terminal  of  an  amplifier  6S.  The 
sample/hold  (S/H)  circuit  16C  samples  and  holds  a  co- 
sine  wave  drive  signal  from  the  oscillator  2,  sends  its 
output  to  the  sensor  voltage  correction  circuit  1  2C,  and 
controls  a  correction  amount.  A  signal  from  the  sensor 
voltage  correction  circuit  12C  is  sent  to  a  gain  control 
terminal  of  an  amplifier  6S.  The  other  configuration  is 
similar  to  those  of  Figs.1  and  Figs.  17.  Identical  refer- 
ence  numerals  are  given  to  the  corresponding  portions, 
and  thus  the  detailed  explanation  is  omitted. 

According  to  the  seventh  embodiment  of  the 
present  invention,  the  drive  current  values  in  the  respec- 
tive  phases  are  equal  to  c,  for  example,  and  thereby  it 
is  possible  to  easily  carry  out  a  sensor  current  correction 
by  means  of  the  same  current  value,  and  since  sampling 
timings  are  the  same,  errors  due  to  jitter  are  also  few. 
Further,  it  is  possible  to  use  such  an  area  that  the  drive 
currents  in  the  respective  phases  are  not  0  and  a  sensor 
sensitivity  is  high  (an  area  where  the  change  of  the  mag- 
netic  permeability  u.  is  large).  Thus,  a  sensor  output  is 
obtained  sufficiently,  a  S/N  ratio  is  excellent,  and  the  ser- 
vo  condition  is  stable. 

When  the  servo  condition  of  the  motor  is  disordered 
due  to  a  disturbance  and  the  like,  in  order  to  quickly  re- 
cover  when  the  cause  of  the  disturbance  is  removed/ 
eliminated,  it  is  desirable  to  set  the  drive  currents  in  the 
respective  phases  to  0,  send  only  the  sensor  signals  to 
the  coils  of  the  motor,  detect  the  phase  angle  of  the  ro- 
tation  at  the  disordered  time  and  add  the  drive  currents 
in  synchronization  with  speed  phases  thereof.  In  a  case 
of  a  servo  motor  or  the  like,  at  a  time  of  a  servo  confu- 
sion,  the  motor  is  stopped  immediately.  However,  in  a 
case  of  a  spindle  motor  or  the  like,  even  when  a  lock  is 
disordered,  it  is  necessary  to  recover  while  the  rotation 
is  continued.  The  above  mentioned  method  is  effective 
even  in  this  case. 

A  rotation  direction  detection  of  a  motor  will  be  ex- 
plained  hereafter. 

In  the  case  of  a  motor  having  a  construction  equal 
to  or  more  than  three  phases,  it  is  possible  to  detect  a 
rotation  direction.  However,  in  a  case  of  a  motor  having 
a  two-phase  construction,  it  is  not  possible  to  basically 

detect  the  rotation  direction.  The  reason  is  that  the  sen- 
sor  signals  obtained  from  the  respective  phases  are  out 
of  phase  by  1  80  degrees  from  each  other,  and  the  phase 
difference  is  the  same  even  if  the  rotation  direction  is 

5  changed.  Then,  it  is  considered  to  judge  the  motor  ro- 
tation  direction  by  adding  offset  signals  to  the  drive  sig- 
nals,  and  detecting  the  phase  difference  between  the 
sensor  signals  extracted  from  the  motor  drive  signals 
when  the  offset  signals  are  added. 

10  Fig.  22  is  a  block  diagram  showing  a  main  portion  of 
a  configuration  to  which  the  offset  is  added  in  order  to 
detect  a  rotation  direction  in  a  motor  having  a  two-phase 
construction.  In  Fig.  22,  an  offset  pulse  is  generated,  for 
example,  by  triggering  an  offset  pulse  generating  circuit 

is  18  at  a  predetermined  timing  by  using  a  timer  17,  and 
the  offset  pulses  are  sent  to  adders  19S  and  19C.  The 
sine  wave  drive  signal  is  sent  to  the  adder  1  9S  from  the 
oscillator  2,  and  the  cosine  wave  drive  signal  is  sent  to 
the  adder  19C  from  the  oscillator  2,  respectively.  The 

20  offset  pulses  are  added  to  these  drive  signals,  and  sent 
to  the  differential  amplifiers  4S  and  4C,  respectively.  The 
other  configuration  is  similar  to  that  of  Figs.1,  17  or  20 
and  is  not  shown.  The  explanation  is  also  omitted. 

Here,  in  a  case  where  the  offset  pulse  is  not  applied, 
25  as  shown  in  Fig.  23,  a  sensor  signal  is  added  to  a  sine 

wave  drive  signal  in  Fig.23A,  and  sent  to  the  motor  coil. 
The  sensor  signal  is  added  to  the  sensor  signal  detected 
as  Fig.23B  and  a  cosine  wave  drive  signal  in  Fig.23C, 
and  sent  to  the  motor  coil.  The  signal  is  out  of  phase  by 

30  1  80  degrees  from  the  sensor  signal  detected  as  Fig. 
23D.  Thus,  a  phase  relation  is  represented  in  the  same 
state  even  if  the  rotation  direction  is  changed.  In  contrast 
with  this,  as  shown  in  Fig.  24,  in  the  case  where  a  pre- 
determined  offset  d  is  added  to  the  drive  signal,  the  sen- 

35  sor  signal  in  Fig.24B  detected  for  the  drive  signal  in  Fig. 
24A  is  out  of  phase  by  90  degrees  from  the  sensor  signal 
in  Fig.24D  detected  for  the  drive  signal  in  Fig.24C. 
Therefore,  for  example,  when  the  motor  is  rotated  in  a 
normal  direction,  the  phase  difference  is  +90  ,  and  when 

40  the  motor  is  rotated  in  a  reverse  direction,  the  phase 
difference  is  -90  (or  +270  ).  As  a  result,  they  can  be  dis- 
tinguished. 

Fig.  25  shows  one  example  of  a  drive  signal  to  which 
an  offset  obtained  from  the  adder  1  9S  (or  from  the  adder 

45  19C)  in  Fig.  22  is  added.  An  offset  pulse  is  added  to  a 
sine  wave  drive  signal  between  times  t-,  and  t2  and  be- 
tween  times  t3  and  t4.  It  is  allowable  to  add  this  offset 
pulse  periodically  orto  add  it  intermittently  at  times  when 
it  is  desired  to  obtain  the  rotation  direction. 

so  Incidentally,  the  present  invention  is  not  limited  to 
the  above  mentioned  embodiments.  For  example,  in  the 
explanations  of  the  above  mentioned  respective  em- 
bodiments,  the  appropriate  rotation  position  detecting 
device  is  applied  to  a  brush-less  motor  1  .  However,  it  is 

55  allowable  to  apply  the  device  to  a  so-called  brush  motor. 
Otherwise,  of  course,  various  modifications  and  adap- 
tations  may  be  made,  without  departing  from  the  tech- 
nical  spirit  and  range  according  to  the  present  invention. 

16 
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EFFECTS  OF  THE  INVENTION 

The  rotation  position  detecting  device  in  accord- 
ance  with  the  present  invention  can  provide  a  perfectly 
new  sensor-less  driving  method  and  can  detect  a  rota-  s 
tion  position  accurately  and  surely  at  a  time  of  starting 
a  motor  or  even  in  the  case  of  a  slow  speed  rotation. 
Further,  since  the  rotation  position  can  be  detected  ac- 
curately  and  surely,  a  motor  can  be  used  for  servo  con- 
trol  without  mounting  a  rotation  detection  element.  As  a  10 
result,  it  is  possible  to  make  a  motor  smaller  and  a  cost  5. 
thereof  cheaper  by  reducing  the  number  of  parts  and 
making  a  mounted  area  smaller. 

Further,  a  motor  device  in  accordance  with  the 
present  invention  can  carry  out  a  rotation  and  drive  in  15 
synchronization  with  reference,  without  basically  modi- 
fying  inner  construction  for  all  brush-less  motors,  since 
using  a  sensor-less  method  which  perfectly  solves  de- 
fects  of  a  back  electro-motive  voltage  method.  6. 

20 

Claims 

1.  A  rotation  position  detecting  device,  characterized 
in  that  said  rotation  position  detecting  device  com-  25 
prises: 

a  periodic  signal  outputting  means  (2)  for  out- 
putting  periodic  signals  which  are  out  of  phase 
by  a  predetermined  angle  from  each  other  for  30 
sending  to  respective  phases  of  a  motor  (1)  7. 
having  a  plurality  of  phases; 
a  sensor  signal  outputting  means  (3)  for  output- 
ting  a  sensor  signal  having  a  higher  frequency 
than  that  of  said  periodic  signal;  35 
an  adding  means  (5S,  5C)  for  adding  the  sen- 
sor  signal  from  said  sensor  signal  outputting 
means  (3)  to  the  periodic  signal  from  said  peri- 
odic  signal  outputting  means  (2)  and  sending  8. 
the  result  to  each  of  the  phases  of  said  motor  40 
(1  )  as  a  motor  drive  signal;  and 
a  rotation  position  detecting  means  (9,  10)  for 
detecting  the  motor  drive  signal  sent  to  each  of 
said  phases  and  also  extracting  each  of  the 
sensor  signals  from  each  of  the  motor  drive  sig-  45 
nals,  and  outputting  each  of  the  extracted  sen-  9. 
sor  signals  as  a  rotation  position  detection  sig- 
nal  indicating  a  rotation  position  of  said  motor. 

2.  A  rotation  position  detecting  device  according  to  so 
Claim  1  ,  characterized  in  that  said  periodic  signal  is 
a  sine  wave. 

3.  A  rotation  position  detecting  device  according  to 
claim  2,  characterized  in  that  said  sine  wave  is  a  55 
constant  current  drive  signal.  10, 

4.  A  rotation  position  detecting  device  according  to 

claim  3,  characterized  in  that  said  rotation  position 
detecting  device  further  comprises  a  standard  po- 
sition  detection  signal  outputting  means  (43)  for  de- 
termining  a  standard  position  of  said  motor  based 
on  a  level  of  said  rotation  position  detection  signal 
obtained  relative  to  a  pole  number  of  said  motor 
while  said  motor  is  rotated  one  turn,  and  for  output- 
ting  a  standard  position  detection  signal  at  this  de- 
termined  timing. 

A  rotation  position  detecting  device  according  to 
Claim  3,  characterized  in  that  said  rotation  position 
detecting  device  (57-58)  further  comprises  a  resolv- 
er/digital  converter  for  digitizing  and  outputting  each 
of  the  sensor  signals  from  said  rotation  position  de- 
tecting  means,  based  on  the  sensor  signal  from  said 
sensor  signal  outputting  means. 

A  rotation  position  detecting  device  according  to 
Claim  3,  characterized  in  that  said  rotation  position 
detecting  device  further  comprises  a  memory 
means  (66)  for  storing  a  value  of  the  sine  wave  sig- 
nal  when  jitter  component  of  a  load  of  said  motor 
(1  )  or  information  corresponding  to  jitter  component 
becomes  minimum,  as  an  optimum  drive  pattern  for 
said  motor,  and 

a  controlling  means  (65)  for  rotating  and  driving 
said  motor  based  on  said  optimum  drive  pattern 
stored  in  said  memory  means. 

A  rotation  position  detecting  device  according  to 
Claim  3,  characterized  in  that  said  rotation  position 
detecting  device  detects  a  zero-crossing  point  of 
said  motor  drive  signal  sent  to  said  motor,  samples 
the  sensor  signal  extracted  from  said  motor  drive 
signal  at  this  zero-crossing  detection  timing  and  de- 
tects  the  rotation  position. 

A  rotation  position  detecting  device  according  to 
Claim  3,  characterized  in  that  said  rotation  position 
detecting  device  corrects  the  voltage  of  the  sensor 
signal  extracted  from  said  motor  drive  signal  based 
on  the  sine  wave  signal  from  said  sine  wave  signal 
outputting  means  (2). 

A  rotation  position  detecting  device  according  to 
Claim  8,  characterized  in  that  said  rotation  position 
detecting  device  detects  a  point  at  which  current 
values  in  the  respective  phases  of  said  motor  are 
equal  to  each  other,  samples  the  sensor  signal  ex- 
tracted  from  said  motor  drive  signal  at  this  detected 
timing  and  corrects  the  sampled  value  based  on  the 
sine  wave  signal  from  said  sine  wave  signal  output- 
ting  means. 

A  rotation  position  detecting  device  according  to 
Claim  3,  characterized  in  that  said  rotation  position 
detecting  device  sets  the  sine  wave  signal  from  said 
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sine  wave  signal  outputting  means  to  0  when  a  ser- 
vo  condition  of  said  motor  is  disordered,  and  sends 
only  the  sensor  signal  from  said  sensor  signal  out- 
putting  means  as  said  motor  drive  signal  to  each  of 
the  phases  of  said  motor.  s 

11.  A  rotation  position  detecting  device  according  to 
Claim  3,  characterized  in  that  said  rotation  position 
detecting  device  adds  an  offset  signal  to  said  motor 
drive  signal  transiently,  detects  a  phase  difference  10 
between  the  sensor  signal  extracted  from  said  mo- 
tor  drive  signal  when  this  offset  signal  is  added,  and 
thereby  judges  a  motor  rotation  direction. 

12.  A  motor  device  characterized  in  that  said  motor  de-  15 
vice  comprises  a  rotation  position  detecting  device 
according  to  any  one  of  claims  1  to  1  1  ,  and  wherein 
there  is  provided  a  means  for  carrying  out  a  rotation 
phase  control  of  said  motor  corresponding  to  the  ro- 
tation  position  detection  signal  from  said  rotation  20 
position  detecting  means. 
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