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(54)  Three-phase  brushless  servo  motor 
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(57)  A  three-phase  alternating  current  voltage  sig- 
nal  composed  of  three  alternating  current  voltage  sig- 
nals,  of  which  phases  are  shifted  from  each  other  by  an 
electric  angle  of  120  degrees,  is  produced  in  three  Hall 
devices  according  to  a  Hall  effect  caused  by  an  interac- 
tion  between  the  Hall  devices  and  a  magnetic  unit  when 
the  magnetic  unit  is  rotated  at  a  rotational  speed  in  a 
three-phase  brushless  servo  motor.  In  this  case,  be- 
cause  inclinations  of  straightly-rising  line  portions  and 
straightly-falling  line  portions  in  each  alternating  current 
voltage  signal  indicate  the  rotational  speed  of  the  mag- 
netic  unit,  the  straightly-rising  line  portions  and  the 
straightly-falling  line  portions  are  extracted  from  the 
three-phase  alternating  current  voltage  signal  and  are 
connected  to  each  other  to  produce  a  first  wave-form 
processed  signal  indirectly  indicating  the  rotational 
speed,  and  the  first  wave-form  processed  signal  is  dif- 
ferentiated  to  produce  a  second  wave-form  processed 
signal  directly  indicating  the  rotational  speed.  A  servo 
control  is  performed  for  the  three-phase  brushless  servo 
motor  according  to  the  second  wave-form  processed 
signal  to  adjust  the  rotational  speed  to  a  target  rotational 
speed.  Accordingly,  the  rotational  speed  in  the  three- 
phase  brushless  servo  motor  can  be  maintained  to  the 
target  rotational  speed  without  any  rotational  speed  de- 
tecting  encoder. 
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Description 

[0001]  The  present  invention  relates  generally  to  a 
three-phase  brushless  servo  motor,  and  more  particu- 
larly  to  a  three-phase  brushless  servo  motor  in  which  a 
servo  control  is  performed  to  control  a  rotational  speed 
undesirably  changed  by  turbulences. 
[0002]  A  rotational  speed  (or  the  number  of  revolu- 
tions)  in  a  three-phase  brushless  servo  motor  is 
changed  by  turbulences.  Therefore,  the  rotational 
speed  in  a  conventional  three-phase  brushless  servo 
motor  is  always  detected  by  a  rotational  speed  detecting 
encoder,  and  a  motor  coil  voltage  applied  to  the  conven- 
tional  three-phase  brushless  servo  motor  is  controlled 
to  set  the  rotational  speed  to  a  constant  value. 
[0003]  Fig.  1  is  a  perspective  view  of  a  conventional 
three-phase  brushless  motor  system. 
[0004]  As  shown  in  Fig.  1  ,  a  conventional  three-phase 
brushless  servo  motor  10  is  composed  of: 

a  three-phase  brushless  motor  11; 
a  rotational  speed  detecting  encoder  21  for  detect- 
ing  a  rotational  speed  signal  Sr  indicating  a  partic- 
ular  rotational  speed  in  the  three-phase  brushless 
motor  1  1  ; 
a  connecting  unit  31  for  connecting  the  three-phase 
brushless  motor  1  1  and  the  rotational  speed  detect- 
ing  encoder  21  ; 
a  frequency-to-voltage  converting  unit  32  for  con- 
verting  a  frequency  of  pulses  of  the  rotational  speed 
signal  Sr  detected  by  the  rotational  speed  detecting 
encoder  21  into  a  converted  rotational  speed  signal 
Sc  which  indicates  a  constant  voltage  value  de- 
pending  on  a  value  of  the  particular  rotational 
speed;  and 
a  motor  driving  circuit  33  for  applying  a  motor  coil 
voltage  signal  Sv  indicating  a  motor  coil  voltage,  of 
which  a  value  is  determined  according  to  the  con- 
verted  rotational  speed  signal  Sc  transmitted  from 
the  frequency-to-voltage  converting  unit  32  and  a 
timing  setting  signal  St  transmitted  from  the  three- 
phase  brushless  motor  11,  to  the  three-phase 
brushless  motor  1  1  to  control  the  particular  rotation- 
al  speed  to  a  target  rotational  speed  value. 

[0005]  The  three-phase  brushless  motor  11  is  com- 
posed  of: 

a  shaft  12  connecting  the  three-phase  brushless 
motor  11  and  the  rotational  speed  detecting  encod- 
er  21  through  the  connecting  unit  31  ; 
a  magnet  unit  1  3  in  which  a  plurality  of  magnets  are 
arranged  around  the  shaft  12  in  a  fan  shape  to  al- 
ternately  place  N  and  S  magnetic  poles  of  the  mag- 
nets  on  an  outer  side; 
three  motor  coils  14  (14a,  14b  and  14c),  arranged 
around  the  shaft  12  at  electric  angles  of  120  de- 
grees  from  each  other,  for  rotating  the  magnet  unit 

1  3  around  the  shaft  1  2  according  to  an  electro-mag- 
netic  effect  caused  by  the  motor  coil  voltage  signal 
Sv  output  from  the  motor  driving  circuit  33; 
a  back-yoke  15  covering  the  magnetic  unit  13;  and 

5  three  Hall  devices  16  (16a,  16b  and  16c),  arranged 
around  the  shaft  12  at  electric  angles  of  120  de- 
grees  from  each  other,  for  inducing  a  three-phase 
alternating  current  voltage  signal  composed  of  a 
first  alternating  current  voltage  signal,  a  second  al- 

10  ternating  current  voltage  signal  and  a  third  alternat- 
ing  current  voltage  signal,  of  which  phases  are  shift- 
ed  from  each  other  by  the  electric  angle  of  1  20  de- 
grees,  according  to  a  Hall  effect  caused  by  an  inter- 
action  between  the  Hall  devices  16  and  the  mag- 

15  netic  unit  13  and  outputting  the  three-phase  alter- 
nating  current  voltage  signal  to  the  motor  driving  cir- 
cuit  33  as  the  timing  setting  signal  St. 

[0006]  The  rotational  speed  detecting  encoder  21  is 
20  composed  of:  a  rotational  disc  22  rotated  with  the  mag- 

net  unit  1  3  through  the  shaft  1  2; 

a  group  of  slits  23  circularly  arranged  around  the 
shaft  12  in  the  rotational  disc  22; 

25  a  light  emitting  device  24,  arranged  on  the  rotational 
disc  22,  for  emitting  light  to  intermittently  transmit 
the  light  through  each  of  the  slits  23; 
a  light  receiving  device  25,  arranged  under  the  ro- 
tational  disc  22,  for  receiving  beams  of  the  light  in- 

30  termittently  transmitted  through  the  slits  23  and  pro- 
ducing  the  rotational  speed  signal  Sr  having  a  plu- 
rality  of  pulses  at  regular  intervals  from  the  beams 
of  light,  a  frequency  of  the  pulses  denoting  the  par- 
ticular  rotational  speed  indicated  by  the  rotational 

35  speed  signal  Sr. 

[0007]  In  the  above  configuration,  when  a  motor  coil 
voltage  signal  Sv  is  applied  from  the  motor  driving  circuit 
33  to  the  motor  coils  1  4,  the  magnetic  unit  13  is  rotated 

40  at  a  particular  rotational  speed  corresponding  to  a  motor 
coil  voltage  indicated  by  the  motor  coil  voltage  signal  Sv 
according  to  an  electro-magnetic  effect.  The  rotation  of 
the  magnetic  unit  13  is  transmitted  to  the  rotational 
speed  detecting  encoder  21  through  the  shaft  12,  and 

45  the  rotational  disc  22  is  rotated  at  the  same  particular 
rotational  speed  as  that  of  the  magnetic  unit  1  3.  There- 
fore,  light  emitted  from  the  light  emitting  device  24  to  the 
light  receiving  unit  25  through  the  slits  23  is  chopped  at 
prescribed  time  intervals,  a  plurality  of  beams  of  the  light 

so  transmitting  through  the  slits  23  are  produced  at  the  pre- 
scribed  time  intervals,  so  that  a  rotational  speed  signal 
Sr  shown  in  Fig.  2(a)  is  obtained  in  the  rotational  speed 
detecting  encoder  21  .  In  the  rotational  speed  signal  Sr, 
a  plurality  of  pulses  are  arranged  at  a  particular  frequen- 

ts  cy  corresponding  to  the  particular  rotational  speed. 
Thereafter,  a  converted  rotational  speed  signal  Sc  indi- 
cating  a  constant  voltage  corresponding  to  the  particular 
rotational  speed  of  the  magnetic  unit  13  is  produced 

30 
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from  the  rotational  speed  signal  Sr  in  the  frequency-to- 
voltage  converting  unit  32  and  is  output  to  the  motor  driv- 
ing  unit  33.  The  converted  rotational  speed  signal  Sc  is 
shown  in  Fig.  2(b). 
[0008]  Also,  an  electric  potential  difference,  of  which 
a  level  is  changed  each  time  the  N  or  S  pole  of  the  mag- 
netic  unit  13  passes  over  the  Hall  device  16,  is  induced 
in  each  of  the  Hall  devices  according  to  a  Hall  effect 
caused  by  an  interaction  with  the  magnetic  unit  1  3  when 
the  magnetic  unit  1  3  is  rotated  at  the  particular  rotational 
speed,  and  three  alternating  current  voltages,  of  which 
phases  are  shifted  from  each  other  by  the  electric  angle 
of  120  degrees,  are  produced  in  the  Hall  devices  16  as 
three  alternating  current  voltage  signals  Sav1  ,  Sav2  and 
Sav3,  and  a  three-phase  alternating  current  voltage  sig- 
nal  composed  of  the  three  alternating  current  voltage 
signals  is  applied  to  the  motor  driving  circuit  33  as  a  tim- 
ing  setting  signal  St.  A  wave-form  of  the  timing  setting 
signal  St  is  shown  in  Fig.  2(c). 
[0009]  Thereafter,  in  the  motor  driving  circuit  33,  a 
changing  timing  of  a  motor  coil  voltage  to  be  applied  to 
the  motor  coils  14  is  adjusted  according  to  the  three- 
phase  alternating  current  voltage,  and  a  level  of  the  mo- 
tor  coil  voltage  is  adjusted  according  to  the  converted 
rotational  speed  signal  Sc.  A  motor  coil  voltage  signal 
Sv  indicating  a  motor  coil  voltage  is  shown  in  each  of 
Fig.  2(d),  Fig.  2(e)  and  Fig.  2(f).  In  cases  where  the  con- 
verted  rotational  speed  signal  Sc  indicates  a  target  ro- 
tational  speed  value,  as  shown  in  Fig.  2(d),  the  motor 
coil  voltage  signal  Sv  indicating  a  standard  motor  coil 
voltage  is  output  from  the  motor  driving  circuit  33  to  the 
motor  coils  1  4  to  rotate  the  magnetic  unit  1  3  at  the  same 
particular  rotational  speed.  However,  in  cases  where  the 
rotational  speed  in  the  three-phase  brushless  motor  11 
is  changed  by  turbulences,  the  converted  rotational 
speed  signal  Sc  does  not  indicate  the  target  rotational 
speed  value.  In  cases  where  the  converted  rotational 
speed  signal  Sc  indicates  a  particular  rotational  speed 
higher  than  the  target  rotational  speed  value,  it  is  re- 
quired  to  slow  down  the  rotational  speed  of  the  magnetic 
unit  1  3.  Therefore,  as  shown  in  Fig.  2(e),  the  motor  coil 
voltage  signal  Sv  indicating  a  motor  coil  voltage  lower 
than  the  standard  motor  coil  voltage  is  output  from  the 
motor  driving  circuit  33  to  the  motor  coils  14  to  rotate 
the  magnetic  unit  1  3  at  a  rotational  speed  lower  than  the 
particular  rotational  speed.  In  contrast,  in  cases  where 
the  converted  rotational  speed  signal  Sc  indicates  a  par- 
ticular  rotational  speed  lower  than  the  target  rotational 
speed  value,  it  is  required  to  heighten  the  rotational 
speed  of  the  magnetic  unit  13.  Therefore,  as  shown  in 
Fig.  2(f),  the  motor  coil  voltage  signal  Sv  indicating  a 
motor  coil  voltage  higher  than  the  standard  motor  coil 
voltage  is  output  from  the  motor  driving  circuit  33  to  the 
motor  coils  14  to  rotate  the  magnetic  unit  13  at  a  rota- 
tional  speed  higher  than  the  particular  rotational  speed. 
[0010]  Accordingly,  because  the  rotational  speed  of 
the  magnetic  unit  1  3  is  controlled  to  the  target  rotational 
speed  value  by  using  the  rotational  speed  detecting  en- 

coder  21,  the  frequency-to-voltage  converting  unit  32 
and  the  motor  driving  circuit  33,  the  rotational  speed  in 
the  three-phase  brushless  motor  11  can  be  maintained 
at  a  constant  value. 

5  [0011]  However,  to  control  the  rotational  speed  of  the 
magnetic  unit  1  3,  the  rotational  speed  detecting  encoder 
21  is  required.  Therefore,  because  the  rotational  speed 
detecting  encoder  21  is  expensive,  there  is  a  problem 
that  the  three-phase  brushless  servo  motor  10  cannot 

10  be  manufactured  at  a  low  cost.  Also,  because  the  rota- 
tional  speed  detecting  encoder  21  is  heavy,  there  is  a 
problem  that  a  moment  of  inertia  in  the  three-phase 
brushless  servo  motor  1  0  becomes  large.  Also,  because 
the  rotational  speed  detecting  encoder  21  has  a  large 

is  size,  there  is  a  problem  that  the  three-phase  brushless 
servo  motor  10  cannot  be  made  small. 
[0012]  An  object  of  the  present  invention  is  to  provide, 
with  due  consideration  to  the  drawbacks  of  such  a  con- 
ventional  three-phase  brushless  servo  motor,  a  three- 

20  phase  brushless  motor  which  is  manufactured  at  a  low 
cost,  has  a  small  size  and  has  a  low  moment  of  inertia. 
[0013]  The  object  of  the  present  invention  is  achieved 
by  the  provision  of  a  three-phase  brushless  servo  motor, 
comprising: 

25 
a  brushless  motor  for  performing  a  driving  operation 
at  a  particular  speed; 
motor  driving  means  for  applying  a  driving  signal  to 
the  brushless  motor  to  make  the  brushless  motor 

30  perform  the  driving  operation; 
three-phase  alternating  current  signal  generating 
means  for  generating  a  three-phase  alternating  cur- 
rent  signal  composed  of  a  first  alternating  current 
signal,  a  second  alternating  current  signal  and  a 

35  third  alternating  current  signal,  of  which  phases  are 
different  from  each  other  by  an  electric  angle  of  1  20 
degrees,  according  to  the  driving  operation  of  the 
brushless  motor,  a  particular  portion  of  the  three- 
phase  alternating  current  signal  indirectly  indicating 

40  the  particular  speed; 
wave-form  processing  means  for  processing  the 
three-phase  alternating  current  signal  generated  by 
the  three-phase  alternating  current  signal  generat- 
ing  means  to  produce  a  processed  speed  signal 

45  from  the  particular  portion  of  the  three-phase  alter- 
nating  current  signal,  the  processed  speed  signal 
directly  indicating  the  particular  speed;  and 
speed  control  means  for  controlling  the  motor  driv- 
ing  means  to  adjust  the  driving  signal  applied  to  the 

so  brushless  motor  according  to  the  processed  speed 
signal  produced  by  the  wave-form  processing 
means  for  the  purpose  of  adjusting  the  particular 
speed  in  the  driving  operation  performed  by  the 
brushless  motor  to  a  target  speed. 

55 
[0014]  In  the  above  configuration,  when  the  motor 
driving  means  applies  a  driving  signal  to  the  brushless 
motor,  the  brushless  motor  performs  a  driving  operation 

3 
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at  a  particular  speed.  In  this  case,  the  particular  speed 
is  undesirably  changed  by  turbulences  and  is  shifted 
from  a  target  speed.  Therefore,  it  is  required  to  adjust 
the  particular  speed  to  the  target  speed  in  a  servo  con- 
trol.  5 
[0015]  In  the  servo  control,  three  alternating  current 
signals,  of  which  phases  are  different  from  each  other 
by  an  electric  angle  of  120  degrees,  are  generated  as  a 
three-phase  alternating  current  signal  in  the  three- 
phase  alternating  current  signal  generating  means  10 
when  the  driving  operation  is  performed  by  the  brush- 
less  motor  on  condition  that  a  particular  portion  of  the 
three-phase  alternating  current  signal  indirectly  indi- 
cates  the  particular  speed.  For  example,  an  inclination 
of  a  particular  portion  of  the  first  alternating  current  sig-  15 
nal,  an  inclination  of  a  particular  portion  of  the  second 
alternating  current  signal  and  an  inclination  of  a  partic- 
ular  portion  of  the  third  alternating  current  signal  respec- 
tively  indicate  the  particular  speed. 
[0016]  Thereafter,  the  three-phase  alternating  current  20 
signal  is  processed  by  the  wave-form  processing  means 
to  produce  a  processed  speed  signal  directly  indicating 
the  particular  speed  from  the  particular  portion  of  the 
three-phase  alternating  current  signal.  For  example,  the 
particular  portion  of  the  first  alternating  current  signal,  25 
the  particular  portion  of  the  second  alternating  current 
signal  and  the  particular  portion  of  the  third  alternating 
current  signal  are  extracted  from  the  three-phase  alter- 
nating  current  signal,  and  the  particular  portions  of  the 
alternating  current  signals  are  differentiated  to  directly  30 
indicate  the  inclinations  of  the  particular  portions. 
[0017]  Thereafter,  the  driving  signal  applied  to  the 
brushless  motor  is  adjusted  according  to  the  processed 
speed  signal  under  the  control  of  the  speed  control 
means  to  adjust  the  particular  speed  in  the  driving  op-  35 
eration  to  the  target  speed. 
[0018]  Accordingly,  even  though  any  speed  detecting 
encoder  is  not  arranged,  because  the  processed  speed 
signal  indicating  the  particular  speed  is  produced  during 
the  driving  operation  of  the  brushless  motor,  the  partic-  40 
ular  speed  in  the  driving  operation  can  be  adjusted  to 
the  target  speed  according  to  the  processed  speed  sig- 
nal,  so  that  the  particular  speed  can  be  maintained  to 
the  target  speed  even  though  the  driving  operation  of 
the  brushless  motor  is  adversely  influenced  on  turbu-  45 
lences. 
[0019]  Also,  because  any  speed  detecting  encoder  is 
not  required  in  the  three-phase  brushless  servo  motor, 
the  three-phase  brushless  servo  motor  can  be  manu- 
factured  at  a  low  cost,  the  three-phase  brushless  servo  so 
motor  can  be  made  at  a  small  size,  and  the  three-phase 
brushless  servo  motor  having  a  low  moment  of  inertia 
can  be  manufactured. 
[0020]  It  is  preferred  that  each  of  the  alternating  cur- 
rent  signals  composing  the  three-phase  alternating  cur-  55 
rent  signal  generated  by  the  three-phase  alternating 
current  signal  generating  means  be  divided  into  six  sub- 
signals  of  six  processing  time  units  for  each  cycle  of  the 
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three-phase  alternating  current  signal,  and 
the  wave-form  processing  means  comprise: 

arithmetic  logic  performing  means  for  performing, 
for  each  processing  time  unit,  a  first  judgement 
whether  or  not  a  level  A  of  the  first  alternating  cur- 
rent  signal  is  higher  than  a  level  B  of  the  second 
alternating  current  signal,  a  second  judgement 
whether  or  not  the  level  B  of  the  second  alternating 
current  signal  is  higher  than  a  level  C  of  the  third 
alternating  current  signal  and  a  third  judgement 
whether  or  not  the  level  C  of  the  third  alternating 
current  signal  is  higher  than  the  level  A  of  the  third 
alternating  current  signal,  extracting  the  sub-signal 
of  the  first  alternating  current  signal  in  cases  where 
A>B  and  C>A  are  satisfied  and  B>C  is  not  satisfied, 
extracting  and  inverting  the  sub-signal  of  the  third 
alternating  current  signal  in  cases  where  A>B  is  sat- 
isfied  and  B>C  or  C>A  is  not  satisfied,  extracting 
the  sub-signal  of  the  second  alternating  current  sig- 
nal  in  cases  where  A>B  and  B>C  are  satisfied  and 
C>A  is  not  satisfied,  extracting  and  inverting  the 
sub-signal  of  the  first  alternating  current  signal  in 
cases  where  B>C  is  satisfied  and  A>B  or  C>A  is  not 
satisfied,  extracting  the  sub-signal  of  the  third  alter- 
nating  current  signal  in  cases  where  B>C  and  C>A 
are  satisfied  and  A>B  is  not  satisfied,  extracting  and 
converting  the  sub-signal  of  the  second  alternating 
current  signal  in  cases  where  C>A  is  satisfied  and 
A>B  or  B>C  is  not  satisfied,  and  connecting  the  ex- 
tracted  sub-signals  and  the  extracted  and  inverted 
sub-signals  with  each  other  in  series  in  the  order  of 
the  extraction  for  each  cycle  of  the  three-phase  al- 
ternating  current  signal  to  produce  a  first  wave-form 
processed  signal,  the  extracted  sub-signals  and  the 
extracted  and  inverted  sub-signals  corresponding 
to  the  particular  portion  of  the  three-phase  alternat- 
ing  current  signal,  and  inclinations  of  the  extracted 
sub-signals  and  the  extracted  and  inverted  sub-sig- 
nals  indicating  the  particular  speed;  and 
differentiating  means  for  differentiating  the  first 
wave-form  processed  signal  produced  by  the  arith- 
metic  logic  performing  means  to  produce  the  proc- 
essed  speed  signal. 

[0021]  In  the  above  configuration,  each  of  sub-signals 
corresponding  to  straightly-rising  (or  straightly-falling) 
line  portions  of  the  alternating  current  signals  indicates 
the  particular  speed,  and  a  level  of  one  sub-signal  cor- 
responding  to  the  straightly-rising  (or  straightly-falling) 
line  portion  is  placed  between  levels  of  the  other  two 
sub-signals  not  corresponding  to  the  straightly-rising  (or 
straightly-falling)  line  portion  for  each  processing  time 
unit  of  the  three-phase  alternating  current  signal.  There- 
fore,  in  the  arithmetic  logic  performing  means,  to  extract 
the  sub-signal  corresponding  to  the  straightly-rising  (or 
straightly-falling)  line  portion  for  each  processing  time 
unit,  a  following  arithmetic  logic  is  performed.  In  detail, 
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in  cases  where  A>B  and  C>A  are  satisfied  and  B>C  is 
not  satisfied,  because  the  level  A  is  placed  between  the 
levels  C  and  B,  a  first  sub-signal  corresponding  to  the 
level  A  of  the  first  alternating  current  signal  is  extracted. 
In  cases  where  A>B  is  satisfied  and  B>C  or  C>A  is  not 
satisfied,  because  the  level  C  is  placed  between  the  lev- 
els  A  and  B,  a  second  sub-signal  corresponding  to  the 
level  C  of  the  third  alternating  current  signal  is  extracted. 
In  cases  where  A>B  and  B>C  are  satisfied  and  C>A  is 
not  satisfied,  because  the  level  B  is  placed  between  the 
levels  A  and  C,  a  third  sub-signal  corresponding  to  the 
level  B  of  the  second  alternating  current  signal  is  ex- 
tracted.  In  cases  where  B>C  is  satisfied  and  A>Bor  C>A 
is  not  satisfied,  because  the  level  A  is  placed  between 
the  levels  B  and  C,  a  fourth  sub-signal  corresponding  to 
the  level  A  of  the  first  alternating  current  signal  is  ex- 
tracted.  In  cases  where  B>C  and  C>A  are  satisfied  and 
A>B  is  not  satisfied,  because  the  level  C  is  placed  be- 
tween  the  levels  B  and  A,  a  fifth  sub-signal  correspond- 
ing  to  the  level  C  of  the  third  alternating  current  signal 
is  extracted.  In  cases  where  C>A  is  satisfied  and  A>B 
or  B>C  is  not  satisfied,  because  the  level  B  is  placed 
between  the  levels  C  and  A,  a  sixth  sub-signal  corre- 
sponding  to  the  level  B  of  the  second  alternating  current 
signal  is  extracted.  Also,  because  phases  of  the  first, 
third  and  fifth  sub-signals  are  the  inverse  of  those  of  the 
second,  fourth  and  sixth  sub-signals,  the  phases  of  the 
second,  fourth  and  sixth  sub-signals  are  inverted. 
[0022]  Thereafter,  the  first  sub-signal,  the  inverted 
second  sub-signal,  the  third  sub-signal,  the  inverted 
fourth  sub-signal,  the  fifth  sub-signal  and  the  inverted 
sixth  sub-signal  are  connected  with  each  other  in  series 
in  that  order  for  each  cycle  of  the  three-phase  alternating 
current  signal,  so  that  a  first  wave-form  processed  signal 
is  produced. 
[0023]  Thereafter,  the  first  wave-form  processed  sig- 
nal  is  differentiated  by  the  differentiating  means  to  pro- 
duce  the  processed  speed  signal. 
[0024]  Because  an  inclination  of  the  first  sub-signal, 
an  inclination  of  the  inverted  second  sub-signal,  an  in- 
clination  of  the  third  sub-signal,  an  inclination  of  the  in- 
verted  fourth  sub-signal,  an  inclination  of  the  fifth  sub- 
signal  and  an  inclination  of  the  inverted  sixth  sub-signal 
respectively  indicate  the  particular  speed,  the  inclina- 
tions  can  be  directly  indicated  by  the  processed  speed 
signal. 
[0025]  It  is  also  preferred  that  each  of  the  alternating 
current  signals  composing  the  three-phase  alternating 
current  signal  generated  by  the  three-phase  alternating 
current  signal  generating  means  be  divided  into  six  sub- 
signals  of  six  processing  time  units  for  each  cycle  of  the 
three-phase  alternating  current  signal,  and 
the  wave-form  processing  means  comprise: 

arithmetic  logic  performing  means  for  examining, 
for  each  processing  time  unit,  a  large-small  relation- 
ship  among  a  level  A  of  the  first  alternating  current 
signal,  a  level  B  of  the  second  alternating  current 

signal  and  a  level  C  of  the  third  alternating  current 
signal,  extracting  the  sub-signal  of  the  first  alternat- 
ing  current  signal  in  case  of  C>A>B,  extracting  and 
inverting  the  sub-signal  of  the  third  alternating  cur- 

5  rent  signal  in  case  of  A>C>B,  extracting  the  sub- 
signal  of  the  second  alternating  current  signal  in 
case  of  A>B>C,  extracting  and  inverting  the  sub- 
signal  of  the  first  alternating  current  signal  in  case 
of  B>A>C,  extracting  the  sub-signal  of  the  third  al- 

10  ternating  current  signal  in  case  of  B>C>A,  extract- 
ing  and  converting  the  sub-signal  of  the  second  al- 
ternating  current  signal  in  case  of  C>B>A,  and  con- 
necting  the  extracted  sub-signals  and  the  extracted 
and  inverted  sub-signals  with  each  other  in  series 

is  in  the  order  of  the  extraction  for  each  cycle  of  the 
three-phase  alternating  current  signal  to  produce  a 
first  wave-form  processed  signal,  the  extracted  sub- 
signals  and  the  extracted  and  inverted  sub-signals 
corresponding  to  the  particular  portion  of  the  three- 

20  phase  alternating  current  signal,  and  inclinations  of 
the  extracted  sub-signals  and  the  extracted  and  in- 
verted  sub-signals  indicating  the  particular  speed; 
and 
differentiating  means  for  differentiating  the  first 

25  wave-form  processed  signal  produced  by  the  arith- 
metic  logic  performing  means  to  produce  the  proc- 
essed  speed  signal. 

[0026]  In  the  above  configuration,  a  first  sub-signal 
30  corresponding  to  the  level  A  of  the  first  alternating  cur- 

rent  signal  is  extracted  in  case  of  C>A>B,  a  second  sub- 
signal  corresponding  to  the  level  C  of  the  third  alternat- 
ing  current  signal  is  extracted  and  inverted  in  case  of 
A>C>B,  a  third  sub-signal  corresponding  to  the  level  B 

35  of  the  second  alternating  current  signal  is  extracted  in 
case  of  A>B>C,  a  fourth  sub-signal  corresponding  to  the 
level  A  of  the  first  alternating  current  signal  is  extracted 
and  inverted  in  case  of  B>A>C,  a  fifth  sub-signal  corre- 
sponding  to  the  level  C  of  the  third  alternating  current 

40  signal  is  extracted  in  case  of  B>C>A,  and  a  sixth  sub- 
signal  corresponding  to  the  level  B  of  the  second  alter- 
nating  current  signal  is  extracted  and  inverted  in  case 
of  C>B>A. 
[0027]  Thereafter,  the  first  sub-signal,  the  inverted 

45  second  sub-signal,  the  third  sub-signal,  the  inverted 
fourth  sub-signal,  the  fifth  sub-signal  and  the  inverted 
sixth  sub-signal  are  connected  with  each  other  in  series 
in  that  order  for  each  cycle  of  the  three-phase  alternating 
current  signal,  so  that  afirst  wave-form  processed  signal 

so  is  produced  by  the  arithmetic  logic  performing  means. 
[0028]  Thereafter,  the  first  wave-form  processed  sig- 
nal  is  differentiated  by  the  differentiating  means  to  pro- 
duce  the  processed  speed  signal. 
[0029]  Because  an  inclination  of  the  first  sub-signal, 

55  an  inclination  of  the  inverted  second  sub-signal,  an  in- 
clination  of  the  third  sub-signal,  an  inclination  of  the  in- 
verted  fourth  sub-signal,  an  inclination  of  the  fifth  sub- 
signal  and  an  inclination  of  the  inverted  sixth  sub-signal 

5 
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respectively  indicate  the  particular  speed,  the  inclina- 
tions  can  be  directly  indicated  by  the  processed  speed 
signal. 
[0030]  The  objects,  features  and  advantages  of  the 
present  invention  will  be  apparent  from  the  following  de- 
scription  taken  in  conjunction  with  the  accompanying 
drawings,  in  which: 

Fig.  1  is  a  perspective  view  of  the  conventional 
three-phase  brushless  servo  motor; 
Fig.  2(a)  is  a  wave-form  view  of  a  rotational  speed 
signal  produced  in  the  rotational  speed  detecting 
encoder  of  the  conventional  three-phase  brushless 
servo  motor; 
Fig.  2(b)  is  a  wave-form  view  of  a  converted  rota- 
tional  speed  signal  produced  in  the  frequency-to- 
voltage  converting  unit  of  the  conventional  three- 
phase  brushless  servo  motor; 
Fig.  2(c)  is  a  wave-form  view  of  a  timing  setting  sig- 
nal  denoting  a  three-phase  alternating  current  volt- 
age  produced  in  the  Hall  devices  of  the  convention- 
al  three-phase  brushless  servo  motor; 
Fig.  2(d)  is  a  wave-form  view  of  a  motor  coil  voltage 
signal  produced  in  the  motor  driving  circuit  of  the 
conventional  three-phase  brushless  servo  motor  in 
cases  where  a  rotational  speed  of  the  magnet  unit 
is  a  standard  value; 
Fig.  2(e)  is  a  wave-form  view  of  a  motor  coil  voltage 
signal  produced  in  the  motor  driving  circuit  in  cases 
where  a  rotational  speed  of  the  magnet  unit  is  high- 
er  than  the  standard  value; 
Fig.  2(f)  is  a  wave-form  view  of  a  motor  coil  voltage 
signal  produced  in  the  motor  driving  circuit  in  cases 
where  a  rotational  speed  of  the  magnet  unit  is  lower 
than  the  standard  value; 
Fig.  3  is  a  perspective  view  of  a  three-phase  brush- 
less  servo  motor  according  to  an  embodiment  of  the 
present  invention; 
Fig.  4(a)  is  a  wave-form  view  of  a  Hall  device  signal 
produced  in  a  Hall  device  of  the  three-phase  brush- 
less  servo  motor; 
Fig.  4(b)  is  a  wave-form  view  of  a  series  of  straight- 
ly-rising  line  portions  and  straightly-falling  line  por- 
tions  alternately  extracted  from  the  Hall  device  sig- 
nal  according  to  an  arithmetic  logic  of  the  embodi- 
ment; 
Fig.  4(c)  is  a  wave-form  view  of  a  first  wave-form 
processed  signal  produced  from  the  Hall  device  sig- 
nal  according  to  the  arithmetic  logic  of  the  embodi- 
ment; 
Fig.  4(d)  is  a  wave-form  view  of  a  second  wave-form 
processed  signal  produced  by  differentiating  the 
first  wave-form  processed  signal; 
Fig.  4(e)  shows  an  extracted  voltage  portion  deter- 
mined  by  the  combination  of  a  first  logic  A>B,  a  sec- 
ond  logic  B>C  and  a  third  logic  C>A; 
Fig.  5  is  a  flow  chart  of  an  arithmetic  logic  for  pro- 
ducing  a  first  wave-form  processed  signal  from  a 

Hall  device  signal  according  to  the  embodiment  of 
the  present  invention; 
Fig.  6  shows  a  relationship  between  an  extracted 
sub-signal  and  an  extraction  logic  (BIT0,  BIT1, 

5  BIT2); 
Fig.  7  shows  a  positional  relationship  between  mag- 
netic  poles  and  three  Hall  devices; 
Fig.  8  is  a  flow  chart  of  an  arithmetic  logic  for  pro- 
ducing  a  first  wave-form  processed  signal  from  a 

10  Hall  device  signal  according  to  a  modification  of  the 
embodiment  of  the  present  invention;  and 
Fig.  9  shows  a  relationship  between  a  voltage  level 
order  and  an  extracted  sub-signal  according  to  the 
modification  of  the  embodiment. 

15 
[0031]  Preferred  embodiments  of  a  three-phase 
brushless  motor  according  to  the  present  invention  are 
described  with  reference  to  the  drawings. 
[0032]  Fig.  3  is  a  perspective  view  of  a  three-phase 

20  brushless  servo  motor  according  to  an  embodiment  of 
the  present  invention. 
[0033]  As  shown  in  Fig.  3,  a  three-phase  brushless 
servo  motor  40  comprises: 

25  the  three-phase  brushless  motor  11  comprising  the 
shaft  12,  the,  the  magnet  unit  13,  the  three  motor 
coils  14  (14a,  14b  and  14c),  the  back-yoke  15  and 
the  three  Hall  devices  1  6  (1  6a,  1  6b  and  1  6c); 
the  motor  driving  circuit  33; 

30  a  wave-form  processing  circuit  41  for  receiving  a 
Hall  device  signal  Sh  output  from  the  Hall  devices 
16  of  the  three-phase  brushless  motor  11  and 
processing  a  wave-form  of  a  three-phase  alternat- 
ing  current  voltage  indicated  by  the  Hall  device  sig- 

35  nal  Sh  to  produce  a  second  wave-form  processed 
signal  Sp2  indicating  a  particular  rotational  speed 
of  the  magnetic  unit  1  3; 
an  error  detecting  circuit  42  for  detecting  a  differ- 
ence  between  the  particular  rotational  speed  of  the 

40  magnetic  unit  1  3  and  a  target  rotational  speed  value 
Vt  as  a  rotational  speed  error  Er  according  to  the 
second  wave-form  processed  signal  Sp2  produced 
in  the  wave-form  processing  circuit  41  ;  and 
a  motor  control  unit  43,  made  of  a  central  process- 

es  ing  unit,  for  controlling  the  motor  driving  circuit  33 
according  to  the  rotational  speed  error  Er  detected 
in  the  error  detecting  circuit  42  to  rotate  the  magnet 
unit  1  3  at  the  target  rotational  speed  value  Vt. 

so  [0034]  The  wave-form  processing  circuit  41  compris- 
es: 

an  alternating  current  voltage  extracting  and  invert- 
ing  unit  44,  made  of  an  arithmetic  logic  unit,  for  ex- 

55  tracting  a  straightly-rising  line  portion  and  a  straight- 
ly-falling  line  portion  from  each  of  the  alternating 
current  voltages  composing  the  three-phase  alter- 
nating  current  voltage,  inverting  a  phase  of  each  ex- 
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traded  straightly-falling  line  portion  and  producing 
a  first  wave-form  processed  signal  Sp1  having  a 
sawtooth  wave  form  by  arranging  the  straightly-ris- 
ing  line  portions  and  the  straightly-falling  line  por- 
tions  in  series;  and 
a  differential  circuit  45  for  differentiating  the  first 
wave-form  processed  signal  Sp1  produced  in  the 
alternating  current  voltage  extracting  and  inverting 
unit  44  to  produce  the  second  wave-form  processed 
signal  Sp2. 

[0035]  In  the  above  configuration,  an  operation  of  the 
three-phase  brushless  servo  motor  40  is  described. 
[0036]  When  a  motor  coil  voltage  signal  Smc  is  ap- 
plied  from  the  motor  driving  circuit  33  to  the  motor  coils 
14,  the  magnetic  unit  13  is  rotated  at  a  particular  rota- 
tional  speed  corresponding  to  a  motor  coil  voltage  indi- 
cated  by  the  motor  coil  voltage  signal  Smc  according  to 
an  electro-magnetic  effect,  a  first  alternating  current 
voltage  signal  Sav1  indicating  a  first  alternating  current 
voltage  is  induced  in  the  Hall  device  16a  according  to 
the  Hall  effect,  a  second  alternating  current  voltage  sig- 
nal  Sav2  indicating  a  second  alternating  current  voltage 
is  induced  in  the  Hall  device  16b  according  to  the  Hall 
effect,  and  a  third  alternating  current  voltage  signal  Sav3 
indicating  a  third  alternating  current  voltage  is  induced 
in  the  Hall  device  1  6c  according  to  the  Hall  effect.  Here, 
the  Hall  devices  1  6  are  placed  to  shift  phases  of  the  sig- 
nals  Sav1  ,  Sav2  and  Sav3  from  each  other  by  the  elec- 
tric  angle  of  1  20  degrees.  The  combination  of  the  signals 
Sav1  ,  Sav2  and  Sav3  is  transmitted  to  the  wave-form 
processing  circuit  41  as  a  Hall  device  signal  Sh.  Also, 
the  combination  of  the  signals  Sav1  ,  Sav2  and  Sav3  is 
transmitted  to  the  motor  driving  circuit  33  as  a  time  set- 
ting  signal  St.  The  Hall  device  signal  Sh  is  shown  in  Fig. 
4(a). 
[0037]  As  shown  in  Fig.  4(a),  the  Hall  device  signal 
Sh  has  six  crossing  points  Pc,  at  which  two  of  the  three 
alternating  current  voltage  signals  Sav1  ,  Sav2  and  Sav3 
cross  each  other,  for  each  cycle,  and  a  time  period  be- 
tween  two  crossing  points  adjacent  to  each  other  is  de- 
fined  as  one  processing  time  unit  Tu.  Therefore,  each 
cycle  of  the  Hall  device  signal  Sh  is  divided  into  six 
processing  time  units  Tu1  to  Tu6.  Because  each  alter- 
nating  current  voltage  signal  of  the  Hall  device  signal  Sh 
is  composed  of  a  series  of  approximately-triangular 
pulses  of  which  positive  and  negative  levels  are  alter- 
nately  changed,  each  alternating  current  voltage  signal 
has  a  level  rising  portion  of  an  approximately  straight 
line  (hereinafter,  called  a  straightly-rising  line  portion),  a 
top  level  portion  of  a  curved  line,  a  level  falling  portion 
of  an  approximately  straight  line  (hereinafter,  called  a 
straightly-falling  line  portion)  and  a  low  level  portion  of 
a  curved  line  for  each  cycle. 
[0038]  In  the  alternating  current  voltage  extracting 
and  inverting  unit  44  of  the  wave-form  processing  circuit 
41  ,  as  shown  in  Fig.  4(b),  a  first  straightly-rising  line  por- 
tion  Lr1  of  the  first  alternating  current  voltage  signal 

Sav1  in  the  processing  time  units  Tu1  ,  a  third  straightly- 
falling  line  portion  Lf3  of  the  third  alternating  current  volt- 
age  signal  Sav3  in  the  processing  time  units  Tu2,  a  sec- 
ond  straightly-rising  line  portion  Lr2  of  the  second  alter- 

5  nating  current  voltage  signal  Sav2  in  the  processing 
time  units  Tu3,  a  first  straightly-falling  line  portion  Lf1  of 
the  first  alternating  current  voltage  signal  Sav1  in  the 
processing  time  units  Tu4,  a  third  straightly-rising  line 
portion  Lr3  of  the  third  alternating  current  voltage  signal 

10  Sav3  in  the  processing  time  units  Tu5  and  a  second 
straightly-falling  line  portion  Lf2  of  the  second  alternat- 
ing  current  voltage  signal  Sav2  in  the  processing  time 
units  Tu6  are  extracted  from  the  Hall  device  signal  Sh 
for  each  cycle  of  the  Hall  device  signal  Sh.  Thereafter, 

is  a  phase  of  the  third  straightly-falling  line  portion  Lf3,  a 
phase  of  the  first  straightly-falling  line  portion  Lf1  and  a 
phase  of  the  second  straightly-falling  line  portion  Lf2  are 
inverted  to  produce  an  inverted  third  straightly-falling 
line  portion  Lf3,  an  inverted  first  straightly-falling  line 

20  portion  Lf1  and  an  inverted  second  straightly-falling  line 
portion  Lf2,  and  the  first  straightly-rising  line  portion  Lr1  , 
the  inverted  third  straightly-falling  line  portion  Lf3,  the 
second  straightly-rising  line  portion  Lr2,  the  inverted  first 
straightly-falling  line  portion  Lf1  ,  the  third  straightly-ris- 

25  ing  line  portion  Lr3  and  the  inverted  second  straightly- 
falling  line  portion  Lf2  are  connected  to  each  other  in 
that  order  for  each  cycle  of  the  Hall  device  signal  Sh. 
Therefore,  as  shown  in  Fig.  4(c),  a  first  wave-form  proc- 
essed  signal  Sp1  having  a  sawtooth  wave  form  is  ob- 

30  tained.  Here,  an  inclination  of  each  straightly-rising  (or 
straightly-falling)  line  portion  in  the  first  wave-form  proc- 
essed  signal  Sp1  indicates  the  particular  rotational 
speed  of  the  magnet  unit  13.  The  reason  is  as  follows. 
[0039]  As  shown  in  Fig.  7,  for  example,  a  boundary 

35  area  between  N  and  S  magnetic  poles  of  the  magnet 
unit  1  3  passes  just  over  the  second  Hall  device  1  6b  dur- 
ing  the  processing  time  unit  Tu3  from  a  time  TO  to  a  time 
T1  (refer  to  Fig.  4(a)).  Therefore,  a  changing  degree 
(voltage  change  per  time)  of  a  Hall  voltage  induced  in 

40  the  Hall  device  16b  corresponds  to  the  particular  rota- 
tional  speed  of  the  magnet  unit  1  3,  so  that  an  inclination 
of  each  straightly-rising  (or  straightly-falling)  line  portion 
indicates  the  particular  rotational  speed  of  the  magnet 
unit  13. 

45  [0040]  An  arithmetic  logic  of  the  extraction  and  inver- 
sion  performed  for  the  Hall  device  signal  Sh  in  the  alter- 
nating  current  voltage  extracting  and  inverting  unit  44  is 
described  with  reference  to  Fig.  5. 
[0041]  Fig.  5  is  a  flow  chart  of  an  arithmetic  logic  for 

so  producing  the  first  wave-form  processed  signal  Sp1 
from  the  Hall  device  signal  Sh  according  to  this  embod- 
iment  of  the  present  invention.  Here,  a  voltage  level  of 
the  first  alternating  current  voltage  signal  Sav1  in  each 
processing  time  unit  is  expressed  by  A,  a  voltage  level 

55  of  the  second  alternating  current  voltage  signal  Sav2  in 
each  processing  time  unit  is  expressed  by  B,  and  a  volt- 
age  level  of  the  third  alternating  current  voltage  signal 
Sav3  in  each  processing  time  unit  is  expressed  by  C. 

7 
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[0042]  As  shown  in  Fig.  5,  it  is  judged  in  a  step  S1 
whether  or  not  a  first  logic  A>B  is  satisfied  in  one 
processing  time  unit,  BITO  =  1  is  set  in  case  of  A>B  in  a 
step  S2,  and  BITO  =  0  is  set  in  a  step  S3  when  A>B  is 
not  satisfied.  Thereafter,  it  is  judged  in  a  step  S4  whether 
or  not  a  second  logic  B>C  is  satisfied  in  the  processing 
time  unit,  BIT1  =  1  is  set  in  case  of  B>C  in  a  step  S5, 
and  BIT1  =  0  is  set  in  a  step  S6  when  B>C  is  not  satis- 
fied.  Thereafter,  it  is  judged  in  a  step  S7  whether  or  not 
a  third  logic  C>A  is  satisfied  in  the  processing  time  unit, 
BIT2  =  1  is  set  in  case  of  C>A  in  a  step  S8,  and  BIT2  = 
0  is  set  in  a  step  S9  when  C>A  is  not  satisfied.  There- 
after,  an  extracted  sub-signal  is  determined  according 
to  an  extraction  logic  (BITO,  BIT1,  BIT2).  A  relationship 
between  an  extracted  sub-signal  and  an  extraction  logic 
(BITO,  BIT1  ,  BIT2)  is  shown  in  Fig.  6.  When  (BITO,  BIT1  , 
BIT2)  =  101  is  satisfied  in  a  step  S10,  a  sub-signal  (the 
first  straightly-rising  line  portion  Lr1)  corresponding  to 
the  voltage  level  A  of  the  first  alternating  current  voltage 
signal  Sav1  is  extracted  in  a  step  S11.  When  (BITO, 
BIT1  ,  BIT2)  =  1  00  is  satisfied  in  a  step  S1  2,  a  sub-signal 
(the  third  straightly-falling  line  portion  Lf3)  correspond- 
ing  to  the  voltage  level  C  of  the  third  alternating  current 
voltage  signal  Sav3  is  extracted  and  inverted  in  a  step 
51  3.  When  (BITO,  BIT1  ,  BIT2)  =  1  1  0  is  satisfied  in  a  step 
514,  a  sub-signal  (the  second  straightly-rising  line  por- 
tion  Lr2)  corresponding  to  the  voltage  level  B  of  the  sec- 
ond  alternating  current  voltage  signal  Sav2  is  extracted 
in  a  step  S1  5.  When  (BITO,  BIT1  ,  BIT2)  =  01  0  is  satisfied 
in  a  step  S1  6,  a  sub-signal  (the  first  straightly-falling  line 
portion  Lf1)  corresponding  to  the  voltage  level  A  of  the 
first  alternating  current  voltage  signal  Sav1  is  extracted 
and  inverted  in  a  step  S17.  When  (BITO,  BIT1,  BIT2)  = 
011  is  satisfied  in  a  step  S18,  a  sub-signal  (the  third 
straightly-rising  line  portion  Lr3)  corresponding  to  the 
voltage  level  C  of  the  third  alternating  current  voltage 
signal  Sav3  is  extracted  in  a  step  S19.  When  (BITO, 
BIT1  ,  BIT2)  =  001  is  satisfied  in  a  step  S20,  a  sub-signal 
(the  second  straightly-falling  line  portion  Lf2)  corre- 
sponding  to  the  voltage  level  B  of  the  second  alternating 
current  voltage  signal  Sav2  is  extracted  and  inverted  in 
a  step  S21  .  The  steps  S1  to  S21  are  repeated  for  each 
processed  time  unit  of  the  Hall  device  signal  Sh.  There- 
fore,  as  shown  in  Fig.  4(e),  a  series  of  voltage  portions 
A,  C,  B,  A,  C  and  B  is  obtained  for  each  cycle  of  the 
Hall  device  signal  Sh. 
[0043]  Thereafter,  to  obtain  the  inclination  of  each 
straightly-rising  line  portion  in  the  first  wave-form  proc- 
essed  signal  Sp1  ,  the  first  wave-form  processed  signal 
Sp1  is  differentiated  in  the  differential  circuit  45,  so  that 
a  second  wave-form  processed  signal  Sp2  shown  in  Fig. 
4(d)  is  obtained.  A  voltage  of  the  second  wave-form 
processed  signal  Sp2  directly  indicates  the  particular  ro- 
tational  speed  of  the  magnet  unit  13.  Here,  a  rotational 
speed  of  the  magnet  unit  13  indicated  by  the  first  alter- 
nating  current  voltage  signal  Sav1  ,  a  rotational  speed  of 
the  magnet  unit  13  indicated  by  the  second  alternating 
current  voltage  signal  Sav2  and  a  rotational  speed  of 

the  magnet  unit  1  3  indicated  by  the  third  alternating  cur- 
rent  voltage  signal  Sav3  are  generally  different  from 
each  other  because  Hall  effect  performances  of  the  Hall 
devices  1  6  are  different  from  each  other.  Therefore,  in 

5  this  embodiment,  the  particular  rotational  speed  of  the 
magnet  unit  13  is  set  to  an  average  rotational  speed  of 
the  rotational  speeds  indicated  by  the  signals  Sav1, 
Sav2  and  Sav3. 
[0044]  Thereafter,  the  second  wave-form  processed 

10  signal  Sp2  is  transmitted  to  the  error  detecting  circuit 
42,  and  the  particular  rotational  speed  of  the  magnet  unit 
1  3  is  compared  with  a  target  rotational  speed  value  Vt 
to  detect  a  difference  between  the  particular  rotational 
speed  of  the  magnetic  unit  13  and  the  target  rotational 

is  speed  value  Vt.  Thereafter,  the  difference  is  transmitted 
to  the  control  unit  43  as  a  rotational  speed  error  Er,  and 
a  level  of  the  motor  coil  voltage  signal  Smc  applied  to 
the  motor  coils  1  4  is  adjusted  in  the  motor  driving  circuit 
33  under  the  control  of  the  control  unit  43  to  minimize 

20  the  rotational  speed  error  Er.  That  is,  a  servo  control  per- 
formed  for  the  three-phase  brushless  servo  motor  40 
makes  the  particular  rotational  speed  of  the  magnet  unit 
1  3  equal  to  the  target  rotational  speed  value  Vt.  Also,  a 
level  changing  timing  in  the  motor  coil  voltage  signal 

25  Smc  is  adjusted  in  the  servo  control  according  to  the 
timing  setting  signal  St  in  the  motor  driving  circuit  33. 
[0045]  Accordingly,  even  though  any  rotational  speed 
detecting  encoder  is  not  arranged  in  the  three-phase 
brushless  servo  motor  40,  because  the  second  wave- 

so  form  processed  signal  Sp2  indicating  the  particular  ro- 
tational  speed  of  the  magnet  unit  13  is  produced  from 
the  Hall  device  signal  Sh  generated  in  the  three-phase 
brushless  motor  1  1  ,  the  particular  rotational  speed  of  the 
magnet  unit  13  can  be  maintained  to  the  target  rotational 

35  speed  value  Vt. 
[0046]  Also,  because  any  rotational  speed  detecting 
encoder  is  not  required  in  the  three-phase  brushless 
servo  motor  40,  the  three-phase  brushless  motor  40  can 
be  manufactured  at  a  low  cost,  the  three-phase  brush- 

40  less  motor  40  can  be  made  at  a  small  size,  and  the  three- 
phase  brushless  motor  40  having  a  low  moment  of  in- 
ertia  can  be  manufactured. 
[0047]  In  this  embodiment,  the  arithmetic  logic  shown 
in  Fig.  4(e),  Fig.  5  and  Fig.  6  is  used  in  the  extraction 

45  and  inversion  to  produce  the  first  wave-form  processed 
signal  Sp1  having  a  sawtooth  wave  form  from  the  Hall 
device  signal  Sh.  However,  the  present  invention  is  not 
limited  to  this  arithmetic  logic.  Another  arithmetic  logic 
for  the  extraction  and  inversion  is  described  as  a  modi- 

50  fication  of  this  embodiment. 
[0048]  Fig.  8  is  a  flow  chart  of  another  arithmetic  logic 
for  producing  the  first  wave-form  processed  signal  Sp1 
from  the  Hall  device  signal  Sh  according  to  a  modifica- 
tion  of  the  embodiment. 

55  [0049]  As  shown  in  Fig.  8,  it  is  judged  in  a  step  S31 
whether  or  not  a  voltage  level  order  C>A>B  is  satisfied, 
and  a  sub-signal  (or  the  first  straightly-rising  line  portion 
Lr1  )  corresponding  to  the  voltage  A  of  the  first  alternat- 
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ing  current  voltage  signal  Sav1  is  extracted  in  a  step  CI 
S32  in  case  of  C>A>B.  When  C>A>B  is  not  satisfied,  it 
is  judged  in  a  step  S33  whether  or  not  a  voltage  level  1. 
order  A>C>B  is  satisfied,  and  a  sub-signal  (or  the  third 
straightly-falling  line  portion  Lf3)  corresponding  to  the  s 
voltage  C  of  the  third  alternating  current  voltage  signal 
Sav3  is  extracted  and  inverted  in  a  step  S34  in  case  of 
A>C>B.  When  A>C>B  is  not  satisfied,  it  is  judged  in  a 
step  S35  whether  or  not  a  voltage  level  order  A>B>C  is 
satisfied,  and  a  sub-signal  (or  the  second  straightly-ris-  10 
ing  line  portion  Lr2)  corresponding  to  the  voltage  B  of 
the  second  alternating  current  voltage  signal  Sav2  is  ex- 
tracted  in  a  step  S36  in  case  of  A>B>C.  When  A>B>C 
is  not  satisfied,  it  is  judged  in  a  step  S37  whether  or  not 
a  voltage  level  order  B>A>C  is  satisfied,  and  a  sub-sig-  15 
nal  (or  the  first  straightly-falling  line  portion  Lf1)  corre- 
sponding  to  the  voltage  A  of  the  first  alternating  current 
voltage  signal  Sav1  is  extracted  and  inverted  in  a  step 
S38  in  case  of  B>A>C.  When  B>A>C  is  not  satisfied,  it 
is  judged  in  a  step  S39  whether  or  not  a  voltage  level  20 
order  B>C>A  is  satisfied,  and  a  sub-signal  (or  the  third 
straightly-rising  line  portion  Lr3)  corresponding  to  the 
voltage  C  of  the  third  alternating  current  voltage  signal 
Sav3  is  extracted  in  a  step  S40  in  case  of  B>C>A.  When 
B>C>A  is  not  satisfied,  it  is  judged  in  a  step  S41  whether  25 
or  not  a  voltage  level  order  C>B>A  is  satisfied,  and  a 
sub-signal  (or  the  second  straightly-falling  line  portion 
Lf2)  corresponding  to  the  voltage  B  of  the  second  alter- 
nating  current  voltage  signal  Sav2  is  extracted  and  in- 
verted  in  a  step  S42  in  case  of  C>B>A.  A  relationship  30 
between  the  extracted  sub-signal  and  the  voltage  level 
order  is  shown  in  Fig.  9.  Therefore,  a  series  of  voltage 
portions  A,  C,  B,  A,  C  and  B  is  obtained  for  each  cycle 
of  the  Hall  device  signal  Sh. 
[0050]  Also,  in  this  embodiment,  the  particular  rota-  35 
tional  speed  of  the  magnet  unit  1  3  is  set  to  an  average 
rotational  speed  of  the  rotational  speeds  indicated  by 
the  signals  Sav1  ,  Sav2  and  Sav3,  and  the  servo  control  2. 
for  the  three-phase  brushless  servo  motor  40  is  per- 
formed  according  to  the  rotational  speed  error  Er  for  40 
each  cycle  of  the  Hall  device  signal  Sh.  However,  it  is 
applicable  that  a  servo  control  for  the  three-phase 
brushless  servo  motor  40  be  performed  for  each  of  the 
signals  Sav1  ,  Sav2  and  Sav3.  That  is,  the  second  wave- 
form  processed  signal  Sp2  is  produced  for  each  45 
processing  time  unit  from  the  corresponding  alternating 
current  voltage  signal  Sav1  ,  Sav2  or  Sav3,  the  rotational 
speed  error  Er  is  set  for  each  processing  time  unit,  and 
the  servo  control  is  performed  for  each  processing  time 
unit  of  the  Hall  device  signal  Sh.  so 
[0051]  Having  illustrated  and  described  the  principles 
of  the  present  invention  in  a  preferred  embodiment 
thereof,  it  should  be  readily  apparent  to  those  skilled  in 
the  art  that  the  invention  can  be  modified  in  arrangement 
and  detail  without  departing  from  such  principles.  We  55 
claim  all  modifications  coming  within  the  scope  of  the 
accompanying  claims. 

A  three-phase  brushless  servo  motor,  comprising: 

a  brushless  motor  for  performing  a  driving  op- 
eration  at  a  particular  speed; 
motor  driving  means  for  applying  a  driving  sig- 
nal  to  the  brushless  motor  to  make  the  brush- 
less  motor  perform  the  driving  operation; 
three-phase  alternating  current  signal  generat- 
ing  means  for  generating  a  three-phase  alter- 
nating  current  signal  composed  of  a  first  alter- 
nating  current  signal,  a  second  alternating  cur- 
rent  signal  and  a  third  alternating  current  signal, 
of  which  phases  are  different  from  each  other 
by  an  electric  angle  of  120  degrees,  according 
to  the  driving  operation  of  the  brushless  motor, 
a  particular  portion  of  the  three-phase  alternat- 
ing  current  signal  indirectly  indicating  the  par- 
ticular  speed; 
wave-form  processing  means  for  processing 
the  three-phase  alternating  current  signal  gen- 
erated  by  the  three-phase  alternating  current 
signal  generating  means  to  produce  a  proc- 
essed  speed  signal  from  the  particular  portion 
of  the  three-phase  alternating  current  signal, 
the  processed  speed  signal  directly  indicating 
the  particular  speed;  and 
speed  control  means  for  controlling  the  motor 
driving  means  to  adjust  the  driving  signal  ap- 
plied  to  the  brushless  motor  according  to  the 
processed  speed  signal  produced  by  the  wave- 
form  processing  means  for  the  purpose  of  ad- 
justing  the  particular  speed  in  the  driving  oper- 
ation  performed  by  the  brushless  motor  to  a  tar- 
get  speed. 

A  three-phase  brushless  servo  motor  according  to 
claim  1  in  which  each  of  the  alternating  current  sig- 
nals  composing  the  three-phase  alternating  current 
signal  generated  by  the  three-phase  alternating 
current  signal  generating  means  is  divided  into  six 
sub-signals  of  six  processing  time  units  for  each  cy- 
cle  of  the  three-phase  alternating  current  signal, 
and  the  wave-form  processing  means  comprises: 

arithmetic  logic  performing  means  for  perform- 
ing,  for  each  processing  time  unit,  a  first  judge- 
ment  whether  or  not  a  level  A  of  the  first  alter- 
nating  current  signal  is  higher  than  a  level  B  of 
the  second  alternating  current  signal,  a  second 
judgement  whether  or  not  the  level  B  of  the  sec- 
ond  alternating  current  signal  is  higher  than  a 
level  C  of  the  third  alternating  current  signal  and 
a  third  judgement  whether  or  not  the  level  C  of 
the  third  alternating  current  signal  is  higher  than 
the  level  A  of  the  third  alternating  current  signal, 
extracting  the  sub-signal  of  the  first  alternating 
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current  signal  in  cases  where  A>B  and  C>A  are 
satisfied  and  B>C  is  not  satisfied,  extracting 
and  inverting  the  sub-signal  of  the  third  alter- 
nating  current  signal  in  cases  where  A>B  is  sat- 
isfied  and  B>C  or  C>A  is  not  satisfied,  extract-  s 
ing  the  sub-signal  of  the  second  alternating  cur- 
rent  signal  in  cases  where  A>B  and  B>C  are 
satisfied  and  C>A  is  not  satisfied,  extracting 
and  inverting  the  sub-signal  of  the  first  alternat- 
ing  current  signal  in  cases  where  B>C  is  satis-  10 
fied  and  A>B  or  C>A  is  not  satisfied,  extracting 
the  sub-signal  of  the  third  alternating  current 
signal  in  cases  where  B>C  and  C>A  are  satis- 
fied  and  A>B  is  not  satisfied,  extracting  and 
converting  the  sub-signal  of  the  second  alter-  15 
nating  current  signal  in  cases  where  C>A  is  sat- 
isfied  and  A>B  or  B>C  is  not  satisfied,  and  con- 
necting  the  extracted  sub-signals  and  the  ex- 
tracted  and  inverted  sub-signals  with  each  oth- 
er  in  series  in  the  order  of  the  extraction  for  20 
each  cycle  of  the  three-phase  alternating  cur- 
rent  signal  to  produce  a  first  wave-form  proc- 
essed  signal,  the  extracted  sub-signals  and  the 
extracted  and  inverted  sub-signals  correspond- 
ing  to  the  particular  portion  of  the  three-phase  25 
alternating  current  signal,  and  inclinations  of 
the  extracted  sub-signals  and  the  extracted  and 
inverted  sub-signals  indicating  the  particular 
speed;  and 
differentiating  means  for  differentiating  the  first  30 
wave-form  processed  signal  produced  by  the 
arithmetic  logic  performing  means  to  produce 
the  processed  speed  signal. 

3.  A  three-phase  brushless  servo  motor  according  to  35 
claim  1  or  claim  2,  in  which  each  of  the  alternating 
current  signals  composing  the  three-phase  alter- 
nating  current  signal  generated  by  the  three-phase 
alternating  current  signal  generating  means  is  divid- 
ed  into  six  sub-signals  of  six  processing  time  units  40 
for  each  cycle  of  the  three-phase  alternating  current 
signal,  and  the  wave-form  processing  means  com- 
prises: 

arithmetic  logic  performing  means  for  examin-  45 
ing,  for  each  processing  time  unit,  a  large-small 
relationship  among  a  level  A  of  the  first  alter- 
nating  current  signal,  a  level  B  of  the  second 
alternating  current  signal  and  a  level  C  of  the 
third  alternating  current  signal,  extracting  the  so 
sub-signal  of  the  first  alternating  current  signal 
in  case  of  C>A>B,  extracting  and  inverting  the 
sub-signal  of  the  third  alternating  current  signal 
in  case  of  A>C>B,  extracting  the  sub-signal  of 
the  second  alternating  current  signal  in  case  of  55 
A>B>C,  extracting  and  inverting  the  sub-signal 
of  the  first  alternating  current  signal  in  case  of 
B>A>C,  extracting  the  sub-signal  of  the  third  al- 

ternating  current  signal  in  case  of  B>C>A,  ex- 
tracting  and  converting  the  sub-signal  of  the 
second  alternating  current  signal  in  case  of 
C>B>A,  and  connecting  the  extracted  sub-sig- 
nals  and  the  extracted  and  inverted  sub-signals 
with  each  other  in  series  in  the  order  of  the  ex- 
traction  for  each  cycle  of  the  three-phase  alter- 
nating  current  signal  to  produce  a  first  wave- 
form  processed  signal,  the  extracted  sub-sig- 
nals  and  the  extracted  and  inverted  sub-signals 
corresponding  to  the  particular  portion  of  the 
three-phase  alternating  current  signal,  and  in- 
clinations  of  the  extracted  sub-signals  and  the 
extracted  and  inverted  sub-signals  indicating 
the  particular  speed;  and 
differentiating  means  for  differentiating  the  first 
wave-form  processed  signal  produced  by  the 
arithmetic  logic  performing  means  to  produce 
the  processed  speed  signal. 

4.  A  three-phase  brushless  servo  motor  according  to 
claim  1,  2  or  3,  in  which  the  speed  control  means 
comprises: 

an  error  detecting  unit  for  detecting  a  difference 
between  the  target  speed  and  the  particular 
speed  indicated  by  the  processed  speed  signal 
produced  by  the  wave-form  processing  means 
as  an  error;  and 
a  control  unit  for  controlling  the  motor  driving 
means  to  adjust  the  driving  signal  applied  to  the 
brushless  motor  and  to  make  the  error  detected 
by  the  error  detecting  unit  to  zero. 

5.  A  three-phase  brushless  servo  motor  according  to 
any  preceding  claim,  in  which  the  brushless  motor 
comprises: 

a  magnet  unit  having  N  and  S  magnetic  poles 
alternately  arranged;  and 
three  motor  coils,  to  which  the  driving  signal  is 
applied  by  the  motor  driving  means,  for  rotating 
the  magnetic  unit  at  a  particular  rotational 
speed  according  to  an  electro-magnetic  effect 
caused  by  the  driving  signal  and  a  magnetic 
field  of  the  magnetic  unit, 

the  three-phase  alternating  current  signal 
generating  means  comprises: 

a  first  Hall  device  for  inducing  an  electric  poten- 
tial  difference,  of  which  a  level  is  changed  each 
time  the  N  or  S  pole  of  the  magnetic  unit  passes 
over  the  first  Hall  device,  according  to  a  Hall 
effect  caused  by  an  interaction  with  the  rotated 
magnetic  unit  and  outputting  a  changing  level 
of  the  electric  potential  difference  to  the  wave- 
form  processing  means  as  the  first  alternating 
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current  signal  of  the  three-phase  alternating 
current  signal; 
a  second  Hall  device  for  inducing  an  electric  po- 
tential  difference,  of  which  a  level  is  changed 
each  time  the  N  or  S  pole  of  the  magnetic  unit  s 
passes  over  the  second  Hall  device,  according 
to  a  Hall  effect  caused  by  an  interaction  with  the 
rotated  magnetic  unit  and  outputting  a  chang- 
ing  level  of  the  electric  potential  difference  to 
the  wave-form  processing  means  as  the  sec-  10 
ond  alternating  current  signal  of  the  three- 
phase  alternating  current  signal;  and 
a  third  Hall  device  for  inducing  an  electric  po- 
tential  difference,  of  which  a  level  is  changed 
each  time  the  N  or  S  pole  of  the  magnetic  unit  15 
passes  over  the  third  Hall  device,  according  to 
a  Hall  effect  caused  by  an  interaction  with  the 
rotated  magnetic  unit  and  outputting  a  chang- 
ing  level  of  the  electric  potential  difference  to 
the  wave-form  processing  means  as  the  third  20 
alternating  current  signal  of  the  three-phase  al- 
ternating  current  signal,  and 
the  particular  rotational  speed  of  the  magnetic 
unit  in  the  brushless  motor  is  adjusted  to  the 
target  speed  under  the  control  of  the  speed  25 
control  means. 

target  speed  by  the  speed  control  means  according 
to  the  processed  speed  signal  for  each  processing 
time  unit. 

6.  A  three-phase  brushless  servo  motor  according  to 
any  preceding  claim,  in  which  each  of  the  alternat- 
ing  current  signals  composing  the  three-phase  al-  30 
ternating  current  signal  generated  by  the  three- 
phase  alternating  current  signal  generating  means 
is  divided  into  six  sub-signals  of  six  processing  time 
units  for  each  cycle  of  the  three-phase  alternating 
current  signal,  the  processed  speed  signal  is  pro-  35 
duced  by  the  wave-form  processing  means  for  each 
cycle  of  the  three-phase  alternating  current  signal, 
and  the  particular  speed  in  the  driving  operation 
performed  by  the  brushless  motor  is  adjusted  to  the 
target  speed  by  the  speed  control  means  for  each  40 
cycle. 

7.  A  three-phase  brushless  servo  motor  according  to 
any  preceding  claim,  in  which  each  of  the  alternat- 
ing  current  signals  composing  the  three-phase  al-  45 
ternating  current  signal  generated  by  the  three- 
phase  alternating  current  signal  generating  means 
is  divided  into  six  sub-signals  of  six  processing  time 
units  for  each  cycle  of  the  three-phase  alternating 
current  signal,  the  processed  speed  signal  is  pro-  so 
duced  by  the  wave-form  processing  means  from 
one  alternating  current  signal  cyclically  selected 
from  among  the  first  alternating  current  signal,  the 
second  alternating  current  signal  and  the  third  al- 
ternating  current  signal  for  each  processing  time  55 
unit  of  the  three-phase  alternating  current  signal, 
and  the  particular  speed  in  the  driving  operation 
performed  by  the  brushless  motor  is  adjusted  to  the 
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