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Description 

Background  of  the  Invention: 

The  present  invention  relates  to  an  ultrasonic 
driving  device  comprising  a  stator  using  a  ring  type 
piezoelectric  vibrator  or  vibrators  and  metal  blocks. 

In  an  ultrasonic  motor  known  from  US-A-4  645 
964  using  a  piezoelectric  vibrator,  two  groups  of  elec- 
trodes  are  attached  to  one  side  of  a  ring  type  piezo- 
electric  ceramic,  the  two  group  of  electrodes  are  so 
positioned  that  standing  waves  respectively  generat- 
ed  by  the  two  groups  of  electrodes  are  sifted  every 
nil  in  each  position.  The  parts  of  the  ring  type  piezo- 
electric  vibrator  corresponding  to  the  electrode  are  al- 
ternately  polarized  in  reverse.  Also,  the  two  groups  of 
the  electrodes  are  respectively  connected  to  two  os- 
cillators  for  respectively  generating  alternating  cur- 
rent  voltages  having  nil  phase  shift  each  other.  When 
the  alternating  current  voltages  from  the  two  oscilla- 
tors  are  respectively  applied  to  the  two  groups  of  elec- 
trodes,  the  two  standing  waves  having  nil  phase 
shift  each  other  generate  on  the  surfaces  of  the  ring 
type  piezoelectric  vibrator  and  then  progressive 
waves  owing  to  an  compound  of  the  two  standing 
waves  generate  on  the  surfaces  of  the  ring  type  pie- 
zoelectric  vibrator.  Therefore,  when  a  rotary  member 
is  put  on  the  ring  type  piezoelectric  vibrator  and  the 
rotary  member  is  strongly  pressed  to  the  ring  type 
piezoelectric  vibrator,  the  rotary  member  is  rotated  by 
the  progressive  waves. 

In  the  prior  ultrasonic  motor,  since  the  the  ring 
type  piezoelectric  vibrator  must  be  polarized  in  the 
many  portion  thereof  and  the  two  oscillators  must  be 
connected  to  the  electrodes,  the  composition  of  the 
ring  type  piezoelectric  vibrator  is  complex  and  the 
cost  of  the  ultrasonic  motor  becomes  expensive. 

There  is  known  from  EP-A-0  1  98  1  83  an  ultrason- 
ic  motor  comprising  a  Langevin  type  vibrator  having 
two  ring  type  piezoelectric  vibrator  puting  between 
two  metal  blocks.  In  this  ultrasonic  motor,  a  twisting 
joint  body  is  connected  to  the  end  of  the  one  metal 
block  by  a  bolt  for  fixing  the  metal  blocks  and  the  pie- 
zoelectric  vibrator  and  a  rotary  member  is  pressed  on 
the  twisting  joint  body  by  a  spring. 

However,  the  composition  of  the  ultrasonic  motor 
is  complex  and  its  cost  becomes  expensive. 

Summary  of  the  Invention: 

It  is,  therefore,  the  primary  object  of  the  present 
invention  to  provide  an  ultrasonic  driving  device  hav- 
ing  a  simple  composition. 

It  is  the  another  object  of  the  present  invention  to 
provide  an  ultrasonic  driving  device  having  two  divid- 
ed  electrodes  for  driving  a  member  to  be  driven  to  one 
way  or  the  another  way. 

It  is  the  another  object  of  the  present  invention  to 

provide  an  ultrasonic  driving  device  for  driving  a  mem- 
ber  to  be  driven  by  rotary  progression  wave  generat- 
ing  on  end  side  portions  according  to  the  expantion 
and  contraction  of  a  piezoelectric  vibrator  or  vibra- 

5  tors. 
In  order  to  accomplish  the  above  objects,  the 

present  invention  provides  an  ultrasonic  driving  de- 
vice  according  to  claim  1. 

10  Brief  Description  of  the  Drawings: 

Fig.  1  shows  a  sectional  view  of  an  ultrasonic  mo- 
tor  in  the  prior  art. 

Fig.  2  shows  a  plane  view  of  a  form  of  a  piezoelec- 
15  trie  vibrator  and  a  composition  of  electrodes  of  the 

piezoelectric  vibrator  in  the  ultrasonic  motor  in  Fig.  1  . 
Fig.  3  shows  a  separated  perspective  view  of  the 

stator  of  an  ultrasonic  motor  in  the  other  prior  art. 
Fig.  4  shows  a  side  view  having  a  partial  sectional 

20  view  of  an  ultrasonic  motor  in  the  prior  art  of  Fig.  3. 
Fig.5  shows  a  perspective  view  of  a  piezoelectric 

vibrator  and  electrodes  according  to  the  present  in- 
vention. 

Fig.  6  shows  a  plane  view  of  a  piezoelectric  vibra- 
25  tor  and  electrodes  in  Fig.  5. 

Fig.  7  shows  a  perspective  view  of  an  ultrasonic 
driving  device  according  to  the  present  invention. 

Fig.  8  shows  a  separated  perspective  view  of  pie- 
zoelectric  vibrators  and  electrodes  of  the  ultrasonic 

30  driving  device  in  Fig  7. 
Figs.  9  shows  a  side  view  of  the  ultrasonic  driving 

device  in  Fig.  7. 
Fig.  10  shows  a  separated  perspective  view  of 

one  portion  of  an  ultrasonic  driving  device  in  the  other 
35  embodiment  according  to  the  present  invention. 

Fig.  11  shows  a  perspective  view  of  a  piezoelec- 
tric  vibrator  and  electrodes  for  explaining  a  principle 
of  the  generation  of  rotative  vibration  in  the  stator  in 
Fig.  10. 

40  Fig.  12  shows  a  separated  perspective  view  of 
one  portion  of  an  ultrasonic  driving  device  in  the  other 
embodiment  according  to  the  present  invention. 

Fig.  13  shows  a  side  view  of  an  ultrasonic  driving 
device  according  to  the  present  invention. 

45  Fig.  14  a  perspective  view  of  piezoelectric  vibra- 
tors  and  electrodes  of  the  ultrasonic  driving  device  in 
Fig.  13. 

Figs.  15  (a)  shows  a  side  view  of  an  ultrasonic 
driving  device  in  Fig.  13.  Figs.  15  (b)  shows  wave  form 

so  of  longitudinal  vibration.  Figs.  1  5  (c)  shows  wave  form 
of  torsional  vibration. 

Fig.  16  shows  a  side  view  of  ultrasonic  driving  de- 
vice  of  another  embodiment  in  the  present  invention. 

Fig.  17  shows  a  side  view  of  an  ultrasonic  driving 
55  device  of  another  embodiment  in  the  present  inven- 

tion. 
Fig.  18  shows  a  side  view  of  an  ultrasonic  driving 

devise  of  another  embodiment  in  the  present  inven- 
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tion. 
Fig.  1  9  shows  a  perspective  view  of  piezoelectric 

vibrators  and  electrodes  of  the  ultrasonic  driving  de- 
vice  in  Fig.  18. 

Fig.  20  shows  a  side  view  of  an  ultrasonic  driving 
device  of  another  embodiment  of  the  present  inven- 
tion. 

Fig.  21  shows  a  side  view  of  an  ultrasonic  driving 
device  of  another  embodiment  of  the  present  inven- 
tion. 

Description  of  the  Preferred  Embodiments: 

Referring  to  the  prior  art  in  Fig.  1  ,  a  ring  type  pie- 
zoelectric  vibrator  B  is  attached  to  a  ring  type  resilient 
member  A  and  the  piezoelectric  vibrator  B  vibrates 
with  the  resilient  member.  The  piezoelectric  vibrator 
B  is  divided  in  17  parts  by  the  ratio  of  e.  g.  22.5°  or 
11.25°.  The  respective  neighbouring  portions  in  the 
17  parts  of  the  piezoelectric  vibrator  B  are  polarized 
by  the  reverse  polarity  each  other  as  shown  in  Fig.  2. 
The  two  portions  C  and  D  in  the  one  side  of  the  pie- 
zoelectric  vibrator  B  are  respectively  attached  as  an 
electrode  by  conductive  paint  as  shown  in  Fig.  2.  The 
portion  G  in  Fig.  2  shows  an  earth  electrode.  The 
member  F  to  be  driven  to  which  slider  E  is  attached 
is  mounted  on  the  resilient  member  A. 

In  the  ultrasonic  motor  in  the  prior  art,  the  alter- 
nating  current  voltage  of  V0  sintot  is  applied  to  the  one 
electrode  C  and  the  alternating  current  voltage  V0 
costot  is  applied  to  the  other  electrode  D,  where  V0  is 
instantaneous  value,  co  is  radian  frequency  and  t  is 
time.  The  phases  of  these  voltages  shift  by  nil  each 
other.  Thereby,  the  divided  portions  of  the  piezoelec- 
tric  vibrator  B  alternately  arise  expansion  and  con- 
traction  and  thus,  the  resilient  member  Aarises  bend- 
ing  vibration.  Therefore,  standing  wave  is  generated 
in  the  resilient  member  A  and  progressive  wave  is 
generated  on  the  resilient  member  A.  Thus,  the  driven 
member  F  having  the  slider  E  is  rotated  on  the  resil- 
ient  member  A. 

However,  in  the  prior  ultrasonic  motor,  because 
the  divided  portions  of  the  ring  type  piezoelectric  vi- 
brator  B  must  be  alternately  polarized  and  the  divided 
electrodes  must  be  formed  on  the  divided  portion  of 
the  piezoelectric  vibrator  B,  the  composition  of  the  pri- 
or  ultrasonic  motor  is  complex. 

Referring  the  prior  art  in  Fig.  3,  a  piezoelectric  vi- 
brator  3,  a  terminal  plate  4,  a  piezoelectric  vibrator  5, 
a  terminal  plate  6  and  an  aluminum  disk  7  are  put  on 
a  washer  1  and  a  bolt  2  is  inserted  to  the  center  holes 
of  these  members.  The  screw  2a  of  the  bolt  2  is  en- 
gaged  with  the  screw  hole  8a  of  a  twisting  joint  body 
8.  A  drain  8b  is  formed  on  the  under  surface  of  the 
twisting  joint  body  8,  an  arcuate  projections  8c  are 
formed  in  the  both  sides  of  drain  8b  and  a  beam  8d  is 
so  formed  in  the  upper  portion  of  the  twisting  joint 
body  8  that  an  angle  between  the  beam  8d  and  drain 

8b  becomes  a  predetermined  value. 
In  this  prior  ultrasonic  driving  device,  when  alter- 

nating  current  voltage  is  applied  through  the  terminal 
plates  4  and  6  to  the  piezoelectric  vibrators  3  and  5 

5  and  the  piezoelectric  vibrators  3  and  5  are  vibrated  to 
the  direction  of  these  thickness,  the  arcuate  projec- 
tions  8c  of  the  twisting  joint  body  8  are  pushed  and 
twisted  by  the  vibration  of  the  piezoelectric  vibrators 
3  and  5.  Therefore,  the  twisting  joint  body  8  is  vibrated 

10  to  be  twisted.  When  the  excitation  frequency  of  the  al- 
ternating  current  voltage  approaches  a  resonance 
frequency,  elliptic  vibration  arises  on  the  beam  8d  of 
the  twisting  joint  body  8. 

Therefore,  as  shown  in  Fig.  4,  a  rotary  member  9 
15  is  put  on  the  twisting  joint  body  8,  a  center  bolt  10 

passed  through  a  bearing  11  of  the  rotary  member  9 
fixes  the  twisting  joint  body  8,  and  a  spring  12  is  at- 
tached  between  the  upper  end  of  the  bolt  10  and  the 
bearing  11  ,  whereby  the  rotary  member  9  is  strongly 

20  touched  on  the  beam  8d  of  the  twisting  joint  body  8 
and  is  rotated  by  the  elliptic  vibration  on  the  beam  8d. 

However,  in  the  prior  ultrasonic  motor,  the  com- 
position  of  the  twisting  joint  body  8  is  complex  and 
strong  torque  cannot  be  obtained  by  the  composition 

25  of  the  ultrasonic  motor. 
Referring  to  Fig.  5,  a  ring  type  piezoelectric  vibra- 

tors  1  3  of  piezoelectric  ceramics  is  put  between  a  pair 
of  electrodes  14a  and  14b  divided  in  two  and  an  elec- 
trode  15.  The  points  of  contact  of  a  switch  16arecon- 

30  nected  to  the  electrodes  14a  and  14b  and  the  mov- 
able  contact  of  switch  16  is  connected  to  one  terminal 
of  alternating  current  power  supply  17  and  the  other 
terminal  of  the  alternating  current  power  supply  17 
connected  to  the  electrode  15  with  the  ground. 

35  When  the  switch  1  6  is  connected  to  the  electrode 
14a  and  alternating  current  voltage  is  applied  from 
the  alternating  current  power  supply  17  to  the  elec- 
trode  14a,  a  progressive  wave  as  shown  by  the  arrow 
A  generates  in  the  end  portion  and  side  portion  of  the 

40  piezoelectric  vibrator  13.  Also,  When  the  switch  16  is 
connected  to  the  electrode  14b,  a  progressive  wave 
as  shown  by  the  arrow  B  generates  in  the  end  portion 
and  side  portion  of  the  piezoelectric  vibrator  13. 

Explaining  the  principle  for  generating  the  pro- 
45  gressive  wave  in  the  piezoelectric  vibrator  13,  when 

the  one  side  portion  of  the  piezoelectric  vibrator  1  3  is 
driven  by  supplying  the  voltage,  a  voltage  is  generat- 
ed  in  the  other  side  portion  of  the  piezoelectric  vibra- 
tor  13  according  to  the  expansion  and  contraction  in 

so  the  one  side  portion  of  the  piezoelectric  vibrator  1  3. 
The  phase  of  the  voltage  generated  in  the  other  side 
portion  is  later  than  that  of  the  voltage  supplied  to  the 
one  side  portion.  Therefore,  the  expansion  and  con- 
traction  partly  generate  in  the  piezoelectric  vibrator 

55  13  and  the  progressive  waves  in  the  arrows  A  and  B 
generate  in  the  end  portion  and  side  portion. 

Referring  to  Fig.  7,  Fig.  8  and  Fig.  9,  piezoelectric 
vibrators  20  and  21  of  ceramics  vibrator  are  put  be- 

3 
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tween  two  metal  blocks  18  and  19,  electrodes  22  and 
23  are  put  between  the  metal  block  18  and  the  piezo- 
electric  vibrator  20  and  the  piezoelectric  vibrators  20 
and  21,  and  a  bolt  24  is  passed  through  the  center 
holes  of  the  piezoelectric  vibrators  20  and  21  and  the  5 
electrodes  22  and  23  and  both  side  screws  24a  and 
24b  of  the  bolt  24  are  inserted  into  the  screws  1  8a  and 
19a  of  the  metal  blocks  18  and  19  and  the  metal 
blocks  1  8  and  1  9  are  fixed.  The  electrode  23  between 
the  piezoelectric  vibrators  20  and  21  is  divided  in  two  10 
and  a  gap  25  is  formed  between  these  divided  elec- 
trodes  23a  and  23b.  A  stator  26  is  formed  by  these 
composition. 

In  the  ultrasonic  driving  device  of  this  embodi- 
ment,  when  the  alternative  current  voltage  is  applied  15 
to  one  of  the  terminals  23c  and  23d  and  the  electrode 
22,  one  side  portion  of  the  piezoelectric  vibrators  20 
and  21  vibrates  to  its  thickness  direction  and  vibrates 
to  its  radius  direction  according  to  the  thickness  direc- 
tion.  When  torsional  vibration  generated  according  to  20 
the  longitude-directional  vibration  and  the  radius-di- 
rectional  vibration  is  transmitted  to  the  two  metal 
blocks  18  and  19,  a  progressive  wave  is  generated  in 
the  end  portion  and  the  side  portion  of  the  stator  26. 
A  member  to  be  driven  composed  to  the  end  portion  25 
and  side  portion  of  the  stator  26  is  driven  by  the  pro- 
gressive  wave. 

Referring  to  Fig.  10,  a  stator  26  having  one  pie- 
zoelectric  vibrator  20  and  electrodes  22  and  23  divid- 
ed  in  two  and  gaps  25  and  27  between  the  respective  30 
divided  electrodes  22a  and  22b  and  23a  and  23b  of 
the  electrodes  22  and  23  are  shifted  by  90°  each 
other.  Insulation  members  28  and  29  are  put  between 
the  electrodes  22  and  23  and  the  metal  blocks  18  and 
1  9  and  are  protected  from  a  electric  conduction.  35 

In  the  ultrasonic  driving  device  composed  as  the 
above,  when  the  alternative  current  voltage  is  applied 
to  the  electrodes  22b  and  23b,  the  alternative  current 
voltage  is  obliquely  applied  to  the  piezoelectric  vibra- 
tor  20  as  shown  in  an  arrow  Aof  Fig.  1  1  ,  the  piezoelec-  40 
trie  vibrator  20  generates  torsional  vibration  by  the 
thickness  vibration  and  the  radius  vibration  and  the 
torsional  vibration  is  amplified  by  the  metal  blocks  18 
and  19.  When  the  alternative  current  voltage  is  ap- 
plied  between  the  electrodes  22b  and  23b,  compound  45 
vibration  of  the  longitudinal  vibration  and  torsional  vi- 
bration  is  generated  by  the  torsional  vibration  of  the 
arrow  A  in  Fig.  11  and  the  progressive  wave(the  arrow 
C  of  Fig.  1  0)  generates  in  the  end  portion  and  the  side 
portion  of  the  stator  26  by  the  compound  vibration.  50 
When  the  alternative  current  voltage  is  applied  to  the 
electrodes  22a  and  23b,  the  progressive  wave  gener- 
ates  in  the  direction  of  the  arrow  B  in  Fig.  10.  When 
the  alternative  current  voltage  is  applied  to  the  elec- 
trodes  22a  and  23a,  the  progressive  wave  generates  55 
in  the  direction  of  the  arrow  C  in  Fig.  10.  When  the  al- 
ternative  current  voltage  is  applied  to  the  electrodes 
22b  and  23a,  the  progressive  wave  generates  in  the 

direction  of  the  arrow  B  in  Fig.  10. 
when  the  member  to  be  driven  is  composed 

with  the  stator  26,  the  member  is  rotated. 
Referring  to  Fig.  12,  two  piezoelectric  vibrators 

20  and  21  are  put  between  the  electrodes  22,  23  and 
24  respectively  and  the  electrodes  22,  23  and  30  are 
respectively  divided  in  two.  The  gap  25  between  the 
electrode  22a  and  22b  is  shifted  by  90°  to  the  gap  27 
between  the  electrodes  23a  and  23b.  The  gap  31  be- 
tween  the  electrodes  30a  and  30b  is  formed  in  the 
same  direction  of  the  gap  25  of  the  electrodes  22a 
and  22b.  Insulation  members  28  and  29  are  put  be- 
tween  the  electrode  22  and  the  metal  block  18  and 
the  electrode  30  and  the  metal  block  19. 

In  the  embodiment  composed  as  shown  in  the 
above,  the  progressive  wave  generated  by  applying 
the  alternative  current  voltage  to  the  electrodes  22a, 
30a  and  23a  is  reversed  to  that  generated  by  applying 
the  alternative  current  voltage  to  the  electrodes  22a, 
30a  and  23b.  The  progressive  wave  generated  by  ap- 
plying  the  alternative  current  voltage  to  the  electro- 
des  22b,  30b  and  23a  is  reversed  to  that  generated 
by  applying  the  alternative  current  voltage  to  the  elec- 
trodes  22b,  30b  and  23b. 

In  the  above  embodiment,  the  gap  25  between 
the  electrodes  22a  and  22b,  the  gap  27  between  the 
electrodes  22a  and  22b  and  the  gap  31  between  the 
electrodes  30a  and  30b  are  shifted  by  90°  each  other, 
but  the  shifts  between  the  gaps  25,  27  and  28  may 
be  less  than  90°.  In  the  above  embodiment,  though 
the  metal  blocks  18  and  19  are  same  as  each  other, 
the  metal  blocks  1  8  and  1  9  may  be  asymmetric  each 
other. 

Referring  to  Fig.  13,  an  ultrasonic  driving  device 
according  to  the  present  invention  comprises  metal 
blocks  18  and  19,  two  piezoelectric  vibrators  20  and 
21  and  divided  electrodes  22a  and  22b  (see  Fig.  14) 
and  electrode  23.  The  male  screw  24b  of  the  bolt  24 
is  engaged  the  female  screw  of  the  metal  block  1  9. 
The  bolt  24  is  passed  through  the  center  holes  of  the 
piezoelectric  vibrator  20  and  21  ,  the  electrode  23  and 
metal  block  1  8  and  the  male  screw  24a  of  the  bolt  24 
is  engaged  by  a  nut  32,  whereby  a  stator  26  is  com- 
posed.  The  divided  electrodes  22a  and  22b  are  con- 
nected  to  the  contacts  16a  and  16b  and  the  alterna- 
tive  current  voltage  supply  17  is  connected  between 
the  movable  contact  of  the  switch  16  and  the  elec- 
trode  23  connected  to  the  ground. 

In  the  embodiment,  when  the  alternative  current 
voltage  is  applied  to  the  divided  electrode  22a  and  the 
electrode  23  by  connecting  the  movable  contact  16c 
to  the  contact  16a,  the  progressive  wave  is  arisen  on 
the  end  and  side  portions  of  the  metal  blocks  18  and 
19,  the  end  and  side  portions  of  the  nut  32  and  the 
side  portions  of  the  piezoelectric  vibrators  20  and  21 
as  shown  by  the  arrow  A.  When  the  alternative  cur- 
rent  voltage  is  applied  to  the  divided  electrode  22b 
and  the  electrode  23  by  connecting  the  movable  con- 
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tact  16c  to  the  contact  16b,  the  progressive  wave  is 
arisen  on  the  end  and  side  portions  of  the  metal 
blocks  18  and  19,  the  end  and  side  portions  of  the  nut 
32,  and  the  side  portions  of  the  piezoelectric  vibrators 
20  and  21  as  shown  by  the  arrow  B.  Therefore,  a 
member  33  to  be  driven  which  is  pressed  to  the  nut 
32  is  rotated  to  the  direction  of  the  arrow  B. 

In  the  stator  26,  dead  zones  which  the  torsional 
vibration  is  not  arisen  are  provided  about  center  por- 
tions  18a  and  19a  of  the  metal  blocks  18  and  19. 

In  the  above  embodiment,  when  the  movable 
contact  16c  of  the  switch  16  is  connected  to  the  con- 
tact  16a  or  16b,  the  member  22  is  rotated  to  the  direc- 
tion  of  the  arrow  A  or  B  in  strong  torque. 

Explaining  the  drive  principle  of  this  embodiment, 
when  the  whole  length  of  the  metal  blocks  18  and  19 
and  the  piezoelectric  vibrators  20  and  21  in  the  stator 
26  as  shown  in  Fig.  15(a)  is  equal  to  a  half  wave  of  the 
resonance  frequency  of  the  longitude  vibration  due  to 
the  longitude  vibration  of  the  piezoelectric  vibrators 
20  and  21  as  shown  in  Fig.  15(b)  and  also,  the  whole 
length  of  the  stator  26  between  the  end  face  of  the  nut 
32  and  the  end  face  of  the  metal  block  1  9  is  equal  to 
one  wave  of  the  resonance  frequency  of  the  torsional 
vibration  of  the  piezoelectric  vibrators  20  and  21  as 
shown  in  Fig.  15(c),  strong  progressive  wave  arises 
on  the  end  portion  of  the  nut  32  and  the  metal  blocks 
18  and  29  due  to  the  composite  vibration  of  the  long- 
itude  vibration  and  the  torsional  vibration.  Therefore, 
the  member  33  to  be  driven  is  pressed  on  the  stator 
26  and  is  rotated  strongly. 

Referring  to  Fig.  16,  in  the  ultrasonic  driving  de- 
vice  of  the  embodiment  according  to  the  above  prin- 
ciple,  the  whole  length  of  the  metal  blocks  18  and  19 
and  the  piezoelectric  vibrators  20  and  21  is  equal  to 
one  wave  of  the  longitude  vibration,  the  male  screws 
24a  and  24b  of  the  bolt  24  are  put  on  the  dead  zones 
1  8a  and  1  9a  of  the  metal  blocks  1  8  and  1  9  respective- 
ly,  the  divided  electrodes  22a  and  22b  are  put  be- 
tween  the  piezoelectric  vibrators  20  and  21  and  the 
electrode  23  is  put  between  the  piezoelectric  vibrator 
21  and  the  metal  block  19.  When  the  alternative  cur- 
rent  voltage  is  applied  to  each  of  the  divided  electro- 
des  22a  and  22b,  the  rotary  progression  wave  arises 
on  the  end  portions  of  the  metal  blocks  18  and  19  and 
the  side  portions  of  the  piezoelectric  vibrators  20  and 
21. 

Therefore,  when  the  member  33  to  be  driven  is 
pressed  on  the  portion  in  which  the  torsional  vibration 
arises  (e.g.  the  end  portion  of  the  metal  block  18)  and 
the  alternative  current  voltage  is  applied  to  each  of 
the  divided  electrodes  22a  and  22b,  the  member  33 
is  strongly  rotated  to  the  direction  A  or  B. 

Referring  to  Fig.  17,  in  a  stator  of  an  ultrasonic 
driving  device  of  the  other  embodiment,  the  bolt  24  is 
passed  through  holes  of  the  metal  blocks  18  and  19, 
the  piezoelectric  vibrators  20  and  21,  the  divided 
electrodes  22a  and  22b  and  electrode  23  and  the 

screws  of  the  both  end  of  the  bolt  24  are  engaged  with 
the  nuts  32a  and  32b,  whereby  the  stator  26  is  com- 
posed.  The  whole  length  of  the  metal  blocks  18  and 
19  and  the  piezoelectric  vibrators  20  and  21  makes 

5  identical  with  one  wave  of  the  resonance  frequency 
of  the  longitude  vibration. 

In  the  stator  in  this  embodiment,  the  progressive 
wave  arises  on  the  end  and  side  portions  of  the  metal 
blocks  18  and  19,  the  side  portions  of  the  piezoelec- 

10  trie  vibrators  20  and  21  and  the  end  and  side  portions 
of  the  nuts  32a  and  32b,  and  the  member  to  be  driven 
is  rotated  to  reversible  direction  by  applying  the  alter- 
native  current  voltage  to  the  divided  electrode  22a  or 
22b. 

15  Referring  to  Fig.  18,  16  designates  a  switch,  17; 
an  alternative  current  supply,  18  and  19;  metal 
blocks,  23;  an  electrode,  24;  a  bolt,  32;  a  nut,  and  33; 
a  member  to  be  driven,  and  these  elements  are  same 
as  those  of  the  ultrasonic  driving  device  in  Fig.  13.  In 

20  this  embodiment,  piezoelectric  vibrators  20  and  21 
are  respectively  divided  in  two  as  shown  by  20a,  20b, 
21a  and  21b  in  Fig.  19  and  an  electrode  is  divided  in 
two  by  22a  and  22b. 

In  this  ultrasonic  driving  device,  the  reversible 
25  progressive  wave  due  to  the  torsional  vibration  arises 

on  the  end  and  side  portions  of  the  stator  26  by  con- 
necting  the  movable  contact  16a  to  the  contact  point 
16a  or  16b. 

In  Fig.  20,  a  plurality  of  balls  34  carried  by  a  rotary 
30  disk  35  are  put  on  the  stator  26  as  shown  in  Fig.  13 

or  Fig.  1  8,  a  rotary  axis  is  provided  with  an  arm  36  at- 
tached  to  the  side  of  the  disk  35  and  the  balls  34  are 
pressed  by  a  supporting  disk  38.  A  bolt  39  is  passed 
through  the  holes  of  a  spring  washer  40  and  the  bolt 

35  24  and  is  engaged  with  a  nut  41  and  the  disk  38  is 
fixed  on  the  nut  32  by  nut  41  . 

In  this  embodiment,  the  balls  34  are  rotated  by 
the  progressive  wave  on  the  end  portion  of  the  metal 
block  1  8,  whereby  the  rotary  disk  35  is  rotated  in  a  re- 

40  versible  direction  by  applying  the  alternative  current 
voltage  to  the  divided  electrode  22a  or  22b  and  the  ro- 
tary  axis  37  is  rotated  in  a  reversible  direction.  There- 
fore,  this  ultrasonic  driving  device  can  be  used  as  an 
electric  motor. 

45  In  the  embodiment  of  Fig.  21  ,  a  rotary  axis  37  is 
fixed  with  a  rotary  disk  35  supporting  a  plurality  of 
balls  34,  is  passed  through  the  hole  of  a  supporting 
disk  38  in  a  case  42  and  is  supported  by  a  bearing  43 
provided  on  the  end  protion  of  the  case  42.  The  balls 

so  34  are  strongly  contacted  with  the  stator  26  by  a 
spring  44  which  is  supported  by  a  cap  44  engaged 
with  the  end  of  the  case  42. 

In  this  stator  26,  the  piezoelectric  vibrator  20,  the 
divided  electrodes  22a  and  22b  and  the  electrode  23 

55  are  put  between  the  metal  blocks  18  and  19  and  are 
respectively  attached  with  each  other  by  adhesive 
means. 

In  this  embodiment,  when  the  alternative  current 

5 
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voltage  is  applied  to  each  of  the  divided  electrodes 
22a  and  22b,  a  reversible  progression  wave  arises  on 
the  end  and  side  portions  of  the  stator  26  and  the  ro- 
tary  disk  35  and  the  rotary  axis  37  are  rotated  to  re- 
verse  directions  by  the  progressive  wave.  Therefore, 
the  ultrasonic  driving  device  can  be  used  as  an  elec- 
tric  motor. 

In  the  ultrasonic  driving  device  of  the  above  em- 
bodiment,  the  stator  may  use  that  of  Fig.  7. 

Claims 

1.  Ultrasonic  driving  device  comprising  a  stator  (26) 
having  a  piezoelectric  vibrator  or  a  plurality  of  vi- 
brators  (20,  21),  two  electrodes  (22,  23),  and  two 
metal  blocks  (18,  19),  wherein 
the  two  electrodes  (22,  23)  are  provided  between 
the  two  metal  blocks  (18,  19), 
the  vibrator(s)  (20,  21)  are  arranged  adjacent  to 
the  electrodes  (22,  23), 
a  bolt  (24)  is  fixing  the  metal  blocks,  the  piezo- 
electric  vibrator  or  vibrators  (20,  21)  and  the  two 
electrodes  (22,  23)  by  fixing  means,  and 
a  member  (33)  to  be  driven  is  arranged  at  an  end 
portion  or  a  side  portion  of  the  stator  (26)  or  a  por- 
tion  of  the  fixing  means, 
characterized  in  that 
one  electrode  (23)  is  divided  into  at  least  two 
parts  (23a,  23b),  arranged  in  a  common  plane. 

2.  Ultrasonic  driving  device  according  to  claim  1, 
characterized  in  that  the  member  consists  of  a 
plurality  of  balls  (34),  a  disk  (35)  supporting  the 
balls  (34),  an  arm  (36)  fixed  with  the  side  portion 
of  the  disk  (35)  and  the  rotary  axis  (37)  fixed  to 
the  arm  (36),  and  that  the  balls  (34)  are  pressed 
to  the  end  portion  of  the  stator  (26)  by  the  sup- 
porting  disk  (35). 

3.  Ultrasonic  driving  device  according  to  claim  1, 
characterized  in  that  the  member  consists  of  a 
plurality  of  balls  (34),  a  disk  (35)  supporting  the 
balls  (34)  and  a  rotary  axis  (37)  fixed  to  the  disk 
(35)  and  supported  by  a  bearing  (43)  of  a  case 
(42), 
and  that  the  balls  (34)  are  pressed  to  the  end  por- 
tion  of  the  stator  (26)  by  a  spring  (44)  inserted  in 
the  case  (42). 

4.  Ultrasonic  driving  device  according  to  claims  1-3, 
characterized  in  that  the  fixing  means  are  pro- 
vided  by  screws  (24a,  24b)  on  both  sides  of  the 
bolt  (24). 

5.  Ultrasonic  driving  device  according  to  any  of  the 
foregoing  claims,  characterized  in  that  the  com- 
bined  length  of  the  two  metal  blocks  (18,  19)  plus 

the  piezoelectric  vibrator(s)  (20,  21)  and  plus  the 
two  electrodes  (22,  23)  is  equal  to  the  length  of 
one  wave  of  the  longitudinal  vibration  at  the  res- 
onance  frequency. 

5 
6.  Ultrasonic  driving  device  according  to  claims  1-3, 

characterized  in  that  the  fixing  means  are  pro- 
vided  by  a  nut  (32)  and  a  screw  (24b)  on  one  side 
of  the  bolt  (24). 

10 
7.  Ultrasonic  driving  device  according  to  claim  6, 

characterized  in  that  the  combined  length  of  the 
metal  blocks  (18,  19)  plus  the  piezoeletric  vibra- 
tors)  (20,  21)  and  plus  the  two  electrodes  (22, 

15  23)  is  equal  to  the  length  of  a  half  wave  of  a  long- 
itudinal  vibration  at  the  resonance  frequency  and 
that 
the  combined  length  of  the  metal  blocks  (18,  19) 
plus  the  piezoeletric  vibrator(s)  (20,  21)  plus  the 

20  two  electrodes  (22,  23)  and  plus  the  nut  (32)  is 
equal  to  the  length  of  a  half  wave  of  a  torsional  vi- 
bration  at  the  resonance  frequency. 

8.  Ultrasonic  driving  device  according  to  claims  1-3, 
25  characterized  in  that  the  fixing  means  are  pro- 

vided  by  two  nuts  (32a,  32b)  and  screws  (24a, 
24b)  on  both  sides  of  the  bolt  (24). 

9.  Ultrasonic  driving  device  according  to  claim  8, 
30  characterized  in  that  the  combined  length  of  the 

metal  blocks  (18,  19)  plus  the  piezoeletric  vibra- 
tors)  (20,  21)  and  plus  the  two  electrodes  (22, 
23)  is  equal  to  the  length  of  a  half  wave  of  a  long- 
itudinal  vibration  at  the  resonance  frequency  and 

35  that 
the  combined  length  of  the  metal  blocks  (18,  19) 
plus  the  piezoeletric  vibrator(s)  (20,  21)  plus  the 
two  electrodes  (22,  23)  and  plus  the  two  nuts 
(32a,  32b)  is  equal  to  the  length  of  a  half  wave  of 

40  a  torsional  vibration  at  the  resonance  frequency. 

10.  Ultrasonic  driving  device  according  to  claims  1-3, 
characterized  in  that  the  fixing  means  are  pro- 
vided  by  adhesive  means. 

45 
11.  Ultrasonic  driving  device  according  to  any  of  the 

preceding  claims,  characterized  in  that  both 
electrodes  (22,  23)  are  divided  into  at  least  two 
parts  (22a,  22b;  23a,  23b)  and  the  respective 

so  gaps  are  twisted  relativ  to  each  other. 

Patentanspruche 

55  1.  Ultraschalltreiberanordnung,  die  einen  Stator 
(26)  mit  einem  piezoelektrischen  Vibrator  oderei- 
ne  Vielzahl  von  Vibratoren  (20,  21),  zwei  Elektro- 
den  (22,  23)  und  zwei  Metallblocke  (18,  19)  auf- 

6 



11 EP0  299  415  B1 12 

weist,  wobei 
-  die  beiden  Elektroden  (22,  23)  zwischen 

den  Metallblocken  (18,  19)  vorgesehen 
sind, 

-  der  bzw.  die  Vibratoren  (20,  21)  neben  den  5 
Elektroden  (22,  23)  angeordnet  sind, 

-  ein  Bolzen  (24)  die  Metallblocke,  den  piezo- 
elektrischen  Vibrator  oder  Vibratoren  (20, 
21)  und  die  beiden  Elektroden  (22,  23) 
durch  Fixiereinrichtungen  fixiert,  und  10 

-  ein  anzutreibendes  Teil  (33)  an  einem  End- 
bereich  oder  einem  Seitenbereich  des  Sta- 
tors  (26)  oder  einem  Bereich  der  Fixierein- 
richtung  angeordnet  ist, 

dadurch  gekennzeichnet,  dad  15 
eine  Elektrode  (23)  in  wenigstens  zwei  Teile  (23a, 
23b)  unterteilt  ist,  die  in  einergemeinsamen  Ebe- 
ne  angeordnet  sind. 

2.  Ultraschalltreiberanordnung  nach  Anspruch  1,  20 
dadurch  gekennzeichnet,  dad  das  Teil  aus  ei- 
ner  Vielzahl  von  Kugeln  (34),  einer  die  Kugeln 
(34)  tragenden  Scheibe  (35),  einem  Arm  (36),  der 
an  dem  Seitenbereich  der  Scheibe  (35)  befestigt 
ist,  und  einer  Drehachse  (37),  die  an  dem  Arm  25 
(36)  befestigt  ist,  besteht  und  dali  die  Kugeln  (34) 
durch  die  Stutzscheibe  (35)  an  den  Endbereich 
des  Standers  (26)  geprelit  werden. 

3.  Ultraschalltreiberanordnung  nach  Anspruch  1,  30 
dadurch  gekennzeichnet,  dad  das  Teil  aus  ei- 
ner  Vielzahl  von  Kugeln  (34),  einer  die  Kugeln 
(34)  tragenden  Scheibe  (35)  und  einer  Drehach- 
se  (37),  die  an  der  Scheibe  (35)  fixiert  ist  und 
durch  ein  Lager  (43)  eines  Gehauses  (42)  getra-  35 
gen  wird,  besteht  und  dali  die  Kugeln  (34)  durch 
eine  in  das  Gehause  (42)  eingefugte  Feder  (44) 
an  den  Endbereich  des  Stators  (26)  geprelit  wer- 
den. 

40 
4.  Ultraschalltreiberanordnung  nach  Anspruchen  1 

bis  3,  dadurch  gekennzeichnet,  dad  die  Fixier- 
einrichtungen  durch  Schrauben  (24a,  24b)  auf 
beiden  Seiten  des  Bolzens  (24)  vorgesehen  sind. 

45 
5.  Ultraschalltreiberanordnung  nach  einem  dervor- 

hergehenden  Anspruche,  dadurch  gekenn- 
zeichnet,  dad  die  kombinierte  Lange  der  beiden 
Metallblocke  (18,  19)  plus  des  bzw.  der  piezo- 
elektrischen  Vibratoren  (20,  21  )  und  plus  der  bei-  50 
den  Elektroden  (22,  23)  gleich  der  Lange  einer 
Welle  der  Langsschwingung  bei  der  Resonanz- 
frequenz  ist. 

6.  Ultraschalltreiberanordnung  nach  Anspruchen  1  55 
bis  3,  dadurch  gekennzeichnet,  dad  die  Fixier- 
einrichtungen  durch  eine  Mutter  (32)  und  eine 
Schraube  (24b)  an  einer  Seite  des  Bolzens  (24) 

vorgesehen  sind. 

7.  Ultraschalltreiberanordnung  nach  Anspruch  6, 
dadurch  gekennzeichnet,  dad  die  kombinierte 
Lange  der  Metallblocke  (18,19)  plus  des  bzw.  der 
piezoelektrischen  Vibratoren  (20,  21)  und  plus 
der  beiden  Elektroden  (22,  23)  gleich  der  Lange 
einer  Halbwelle  einer  Langsschwingung  bei  der 
Resonanzfrequenz  ist  und  dali  die  kombinierte 
Lange  der  Metallblocke  (18,19)  plus  des  bzw.  der 
piezoelektrischen  Vibratoren  (20,  21)  plus  der 
beiden  Elektroden  (22,  23)  und  plus  der  Mutter 
(32)  gleich  der  Lange  einer  Halbwelle  einer  Tor- 
sionsschwingung  bei  der  Resonanzfrequenz  ist. 

8.  Ultraschalltreiberanordnung  nach  Anspruchen  1 
bis  3,  dadurch  gekennzeichnet,  dad  die  Fixier- 
einrichtungen  durch  zwei  Muttern  (32a,  32b)  und 
Schrauben  (24a,  24b)  auf  beiden  Seiten  des  Bol- 
zens  (24)  vorgesehen  sind. 

9.  Ultraschalltreiberanordnung  nach  Anspruch  8, 
dadurch  gekennzeichnet,  dad  die  kombinierte 
Lange  der  Metallblocke  (18,19)  plus  des  bzw.  der 
piezoelektrischen  Vibratoren  und  plus  der  beiden 
Elektroden  (22,  23)  gleich  der  Lange  einer  Halb- 
welle  einer  Langsschwingung  bei  der  Resonanz- 
frequenz  ist  und  dali  die  kombinierte  Lange  der 
Metallblocke  (18,  19)  plus  des  bzw.  der  piezo- 
elektrischen  Vibratoren  (20,  21)  plus  der  beiden 
Elektroden  (22,  23)  und  plus  der  beiden  Muttern 
(32a,  32b)  gleich  der  Lange  einer  Halbwelle  einer 
Torsionsschwingung  bei  der  Resonanzfrequenz 
ist. 

10.  Ultraschalltreiberanordnung  nach  Anspruchen  1 
bis  3,  dadurch  gekennzeichnet,  dad  die  Fixier- 
einrichtungen  durch  Haftelemente  vorgesehen 
sind. 

11.  Ultraschalltreiberanordnung  nach  einem  dervor- 
hergehenden  Anspruche,  dadurch  gekenn- 
zeichnet,  dad  beide  Elektroden  (22,  23)  in  we- 
nigstens  zwei  Teile  (22a,  22b;  23a,  23b)  unterteilt 
sind  und  die  entsprechenden  Zwischenraume 
bezuglich  einander  verdreht  sind. 

Revendications 

1.  Dispositif  de  commande  ultrasonique  compre- 
nant  un  stator  (26)  avec  un  vibrateur  piezoelectri- 
que  ou  plusieurs  vibrateurs  (20,  21),  deux  elec- 
trodes  (22,  23),  et  deux  blocs  metalliques  (18, 
19),  dans  lequel 

les  deux  electrodes  (22,  23)  sont  prevues 
entre  deux  blocs  metalliques  (18,  19), 

le  vibrateur  ou  les  vibrateurs  (20,  21)  sont 
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disposes  de  facon  contigue  aux  electrodes  (22, 
23), 

un  boulon  (24)  fixe  les  blocs  metalliques, 
le  ou  les  vibrateurs  piezoelectriques  (20,  21)  et 
les  deux  electrodes  (22,  23)  par  les  moyens  de  5 
fixation,  et 

un  element  (33)  a  entraTnerest  dispose  sur 
une  portion  d'extremite  ou  sur  une  portion  latera- 
le  du  stator  (26)  ou  une  portion  des  moyens  de 
fixation,  10 
caracterise  en  ce  qu' 

une  electrode  (23)  est  divisee  en  au  moins 
deux  parties  (23a,  23b)  disposees  dans  un  plan 
commun. 

15 
2.  Dispositif  de  commande  ultrasonique  selon  la  re- 

vendication  1,  caracterise  en  ce  que  I'element 
consiste  en  plusieurs  boules  (34),  un  disque  (35) 
supportant  les  boules  (34),  un  bras  (36)  fixe  avec 
la  portion  laterale  du  disque  (35)  et  I'axe  rotatif  20 
(37)  fixe  sur  le  bras  (36),  et  en  ce  que  les  boules 
(34)  sont  comprimees  sur  la  portion  d'extremite 
du  stator  (26)  par  le  disque  de  support  (35). 

3.  Dispositif  de  commande  ultrasonique  selon  la  re-  25 
vendication  1,  caracterise  en  ce  que  I'element 
consiste  en  plusieurs  boules  (34),  un  disque  (35) 
supportant  les  boules  (34)  et  un  axe  rotatif  (37) 
fixe  sur  le  disque  (35)  et  monte  sur  un  palier  (43) 
d'un  logement  (42),  et  en  ce  que  les  boules  (34)  30 
sont  comprimees  sur  la  portion  d'extremite  du 
stator  (26)  par  un  ressort  (44)  introduit  dans  le  lo- 
gement  (42). 

gueur  d'une  demi-onde  de  la  vibration  longitudi- 
nale  a  la  frequence  de  resonance  et  en  ce  que  la 
longueur  combinee  des  blocs  metalliques  (18, 
1  9)  plus  le  ou  les  vibrateurs  piezoelectriques  (20, 
21)  plus  les  deux  electrodes  (22,  23)  et  plus 
I'ecrou  (32)  est  egale  a  la  longueur  d'une  demi- 
onde  d'une  vibration  de  torsion  a  la  frequence  de 
resonance. 

8.  Dispositif  de  commande  ultrasonique  selon  les 
revendications  1-3,  caracterise  en  ce  que  les 
moyens  de  fixation  sont  assures  par  deux  ecrous 
(32a,  32b)  et  les  vis  (24a,  24b)  des  deux  cotes  du 
boulon  (24). 

9.  Dispositif  de  commande  ultrasonique  selon  la  re- 
vendication  8,  caracterise  en  ce  que  la  longueur 
combinee  des  blocs  metalliques  (18,  19)  plus  le 
ou  les  vibrateurs  piezoelectriques  (20,  21)  et  plus 
les  deux  electrodes  (22,  23)  est  egale  a  la  lon- 
gueur  d'une  demi-onde  d'une  vibration  longitudi- 
nale  a  la  frequence  de  resonance  et  en  ce  que  la 
longueur  combinee  des  blocs  metalliques  (18, 
1  9)  plus  le  ou  les  vibrateurs  piezoelectriques  (20, 
21)  plus  les  deux  electrodes  (22,  23)  et  plus  les 
deux  ecrous  (32a,  32b)  est  egale  a  la  longueur 
d'une  demi-onde  d'une  vibration  de  torsion  a  la 
frequence  de  resonance. 

10.  Dispositif  de  commande  ultrasonique  selon  les 
revendications  1-3,  caracterise  en  ce  que  les 
moyens  de  fixation  sont  assures  par  des  moyens 
adhesifs. 

4.  Dispositif  de  commande  ultrasonique  selon  les 
revendications  1-3,  caracterise  en  ce  que  les 
moyens  de  fixation  sont  assures  par  des  vis  (24a, 
24b)  des  deux  cotes  du  boulon  (24). 

5.  Dispositif  de  commande  ultrasonique  selon  I'une 
quelconque  des  revendications  precedentes,  ca- 
racterise  en  ce  que  la  longueur  combinee  des 
deux  blocs  metalliques  (18,  19)  plus  le  ou  les  vi- 
brateurs  piezoelectriques  (20,  21)  et  plus  les 
deux  electrodes  (22,  23)  est  egale  a  la  longueur 
d'une  onde  de  la  vibration  longitudinale  a  la  fre- 
quence  de  resonance. 

6.  Dispositif  de  commande  ultrasonique  selon  les 
revendications  1-3,  caracterise  en  ce  que  les 
moyens  de  fixation  sont  assures  par  un  ecrou 
(32)  et  une  vis  (24b)  sur  un  cote  du  boulon  (24). 

7.  Dispositif  de  commande  ultrasonique  selon  la  re- 
vendication  6,  caracterise  en  ce  que  la  longueur 
combinee  des  blocs  metalliques  (18,  19)  plus  le 
ou  les  vibrateurs  piezoelectriques  (20,  21  )  et  plus 
les  deux  electrodes  (22,  23)  est  egale  a  la  lon- 

35  11.  Dispositif  de  commande  ultrasonique  selon  I'une 
quelconque  des  revendications  precedentes,  ca- 
racterise  en  ce  que  les  deux  electrodes  (22,  23) 
sont  divisees  en  au  moins  deux  parties  (22a, 
22b  ;  23a,  23b)  et  en  ce  que  les  espaces  libres 

40  respectifs  sont  torsades  I'un  par  rapport  a  I'autre. 

45 
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