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Fig.1    Ultrasonic  motor  to  rotate  in  a  restricted  
tight  space  driven  by  outer  vibrator.

Fig.2    First  trial  construction  of  the  USM.

Fig.3    Resonant  modes  of  bending  vibration  and  
the  piezoelectric  driving  method.
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Fig.4    Resonant  frequency  of  transmission  line.

Fig.6    Vibration  displacement  of  the  resonator.
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Table  I    Material  constants  for  analysis.
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Fig.7    Analyzed  results  for  frequency  response  
of  vibration  displacement.
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Fig.10    Mechanical  impedance  
                      of  the  transmission  line.

Fig.11    Mechanical  impedance  of  
                                the  square  rod  with  connector.
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Fig.12    Mechanical  impedance  of  
                                the  transmisson  line  with  connector.

Fig.13    Dimensions  of  connector  decided  
by  the  total  impedance  matching.
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Fig.14     Analyzed   results   for   resonant   frequency    
of  resonator  connected  with  rod,  connector  
and  transmission  line.

Fig.15    Analyzed  results  for  frequency  response  of  
vibration   displacement   of   the   improved  
resonator.

Fig.16  Comparing  vibrational  displacement  distri-
butions   between   the   direct   and   improved  
connected  resonators.

190 192 194 196 198
20

22

24

26

28

Length  of  transmission  line  LT  (mm)

Fr
eq
ue
nc
y  
f  (
kH
z)

f0P

#30

#29

#28

#27

19 20 21 22
Frequency  (kHz)

V
ib
ra
tio
n  
di
sp
.  a
m
p.
  u
  (
m
)

23 24 25 26 27
0
2
4
6
8
10
12
14

Rod  +  Connector  +  Line
LT  =  193mm VD  =  1V

0
2
4
6
8
10
12
14

V
ib
ra
tio
n  
di
sp
.  a
m
p.
  u
  (
m
)

19 20 21 22
Frequency  (kHz)

23 24 25 26 27

Rod  +  Connector  +  Line
LT  =  196mm VD  =  1V

(b)

(a)

#30

#29#28#27
#26

#26

#25
#30#29

#28#27

Transmission  lineExciter

Connector:2*2*7.5  mm,  LT=196mm,  #29-mode

Direct  connect,  LT=193mm,  #28-mode

Fixed  Constraint

Aluminum  block:
  2*2*7.5  mm

Connector

LT

䛻ᑐ䛧䛶⣲Ꮚ᩿㠃✚䛜䛝䛟㐪䛖䛻䜒䛛䛛䜟䜙䛪

ືᖜ䛜ྠ➼䛷䛒䜚䚸 䛩䛺䜟䛱ື䜶䝛䝹䜼

䛾㒊ศ䛜ゅᰕືᏊ䛻Ꮡᅾ䛩䜛≧ែ䛷䛒䜛䚹

᪉䛿ᩚྜ᮲௳䜢‶䛯䛩䜘䛖䛺㐃⤖ᵓ㐀䜢ഛ䛘

䛯 㻲㼕㼓㻚㻝㻡㻔㼍㻕 䛾 㻏㻞㻥㻙㼙㼛㼐㼑 䛷䛒䜚䚸 ゅᰕືᏊ䛾

ᖜ䛿┦ᑐⓗ䛻㠀ᖖ䛻ᑠ䛥䛟䚸ఏ㏦⥺㊰ഃ䛻ຠ

ᯝⓗ䛻ື䛜ఏ㐩䛧䛶䛔䜛䛸⪃䛘䜙䜜䜛䚹

䚷௨ୖ䛾䜘䛖䛻䚸 ᥋⥆Ⅼ䛷䛾ᶵᲔⓗ䜲䞁䝢䞊䝎䞁

䝇䜢ᩚྜ䛥䛫䜛䜘䛖䛻タィ䛥䜜䛯㐃⤖ᵓ㐀䜢⏝䛔

䛯ື⣔䛻䜘䜚䚸 㒊ಶู䛾ື≉ᛶ䛜ᢚ䛘䜙

䜜䛶⣔య䛾ື≉ᛶ䛜ᚓ䜙䜜䜛䚹

6. 䝻䞊䝍ᅇ㌿㒊䛾ᵓ㐀᳨ウ

䚷௨ୖ䜎䛷䛾᳨ウ䛻䜘䜚䚸 ⣽⥺䝟䜲䝥ືఏ㏦

㊰䛻ຠᯝⓗ䛻ື䜢ఏ㐩䛥䛫䜛タィ䛜ྍ⬟䛸䛺

䛳䛯䚹ḟ䛻㔜せ䛺ㄢ㢟䛸䛧䛶䚸 ᐇ㝿䛻⏝䛥䜜䜛

ሙᡤ䛻䝻䞊䝍㒊䜢ᑟධ䛩䜛Ⅽ䛻䛿⣽⥺ఏ㏦㊰䛾

ඛ➃䛻䝻䞊䝍䜢⮬ᕫಖᣢ䛧䛶䛚䛟ᵓ㐀䛜ᚲせ䛷

䛒䜛䚹䜎䛯㉸㡢Ἴ䝰䞊䝍䛿ᦶ᧿ຊ䜢ാ䛛䛫䜛䛯

䜑䛻䛒䜙䛛䛨䜑䝻䞊䝍䛸ື㒊䜢ணᅽ䛧䛶䛚䛛䛽

䜀䛺䜙䛺䛔䚹

䚷䛭䛣䛷䝻䞊䝍㒊䛾ᇶᮏᵓ㐀䛸䛧䛶䚸 㻲㼕㼓㻚㻝㻣㻔㼍㻕 䛻

♧䛩䜘䛖䛻䝻䞊䝍䛾䝅䝱䝣䝖䜢ඛ➃䛻タ䛡䚸䛣䛾䝅

䝱䝣䝖䜢ಖᣢ䛧䚸ྠ䛻⣽⥺ఏ㏦㊰䛾ື䛛䜙䝻

䞊䝍䜢ᦶ᧿㥑ື䛩䜛Ⅽ䛾ᇶྎᵓ㐀䜢᳨ウ䛧䛯䚹

䚷䝅䝱䝣䝖㒊䛻䛿䜎䛯䝻䞊䝍䜢ணᅽ䛩䜛Ⅽ䛻䝇䝥䝸

䞁䜾䜢ᢚ䛘䜛ᶵᵓ䜒ᚲせ䛷䛒䜛䚹䛣䛾㝿䚸 䝅䝱䝣䝖

䛜䛝䛟䜜䜛タィ䛺䜙䜀䚸 䝅䝱䝣䝖㒊䛾ື䜢

ᢚ䛘䜛䛣䛸䛷䚸ື⣔య䛾ື䜒పῶ䛥䛫䛶䛧

䜎䛖䚹ᚑ䛳䛶䝅䝱䝣䝖䛾ື䛿ᑠ䛥䛟ᢚ䛘䚸 ᪉䛷

䝻䞊䝍䛾᥋ゐ㒊䛿䛝䛺ኚฟຊ䛜ᚓ䜙䜜䜛䜘䛖

䛺┦䛩䜛せồ䜢‶䛯䛩ᇶྎ䛜ᚲせ䛷䛒䜛䚹

䚷䛣䛾タィ䛻䛴䛔䛶䛿≉䛻⣽⥺䛛䜙䛾ື䜢ຠ

ᯝⓗ䛻ኚ䛩䜛Ⅽ䛾᳨ウ䛜༑ศ䛷䛒䜛䛜䚸⌧

Ⅼ䛷䛿 㻲㼕㼓㻚㻝㻣㻔㼎㻕 䛻♧䛩ᵓ㐀䛻䛶ヨస᳨ウ䜢

⾜䛳䛶䛔䜛䚹䛣䛾ᵓ㐀䛿䝅䝱䝣䝖䜢ᇶྎෆഃ䛻䛒

䜛ኚ䛾ᑠ䛥䛺Ⅼ 㻔 䝜䞊䝗㏆ 㻕 䛻ྲྀ䜚䛡䜛䜘

䛖䛻ྲྀ䜚䛡✰䜢ഹ䛛䛻䝅䝱䝣䝖䜘䜚䜒ኴ䛟䛩䜛䚹䛣

䛾✵㝽䛾ຠᯝ䛻䜘䜚 㻲㼕㼓㻚㻝㻤 䛾ゎᯒ⤖ᯝ䛻♧䛥䜜

䜛䜘䛖䛻䝅䝱䝣䝖䛾ኚ䜢పῶ䛩䜛䛣䛸䛜ฟ᮶䜛䚹

䚷䜎䛯䚸 ලయⓗ䛺ඛ➃ᵓ㐀䜢 㻲㼕㼓㻚㻝㻥 䛻♧䛩䚹䝅

䝱䝣䝖䛾ඛ➃䛻䛽䛨ᵓ㐀䜢タ䛡䛶䝇䝥䝸䞁䜾䜢ᢲ

䛧㎸䜣䛷䝻䞊䝍䜢ணᅽ䛧䛶䛔䜛䚹

䚷䛣䜜䜙ᩚྜᵓ㐀୪䜃䛻䝻䞊䝍ಖᣢᵓ㐀䜢ഛ䛘

䛯㉸㡢Ἴ䝰䞊䝍䜢ヨసホ౯䛧䛯䛸䛣䜝䚸ᐇ㝿䛻䝻

䞊䝍䛾ṇ㌿䛸㏫㌿䛾ືస䛜☜ㄆ䛥䜜䛯䚹௨ᚋ䚸

ヲ⣽䛺ᐇ㦂䜢⾜䛖䚹



ཧ㻌⪃㻌ᩥ㻌⊩

(1)  ᖹ㔝䚸⏣ᮧ䚸㧗㔝䚸㟷ᰗ䠖䛂⣽ᚄ䝟䜲䝥ఏ㏦㊰
䛾୧➃䛻▴ᙧືᏊ䛸䝻䞊䝍䜢㓄⨨䛧䛯㉸㡢

Ἴ䝰䞊䝍䛾ヨస䛃㻘᪥ᮏ㡢㡪Ꮫ2010ᖺ⛅Ꮨ
ㅮ₇ㄽᩥ㞟㻘㻌pp.㻝㻞㻟㻡㻙㻝㻞㻟㻢.

(2)   ᖹ㔝䚸⏣ᮧ䚸㧗㔝䚸㟷ᰗ䠖䛂䝻䞊䝍ಖᣢ䛺䜙䜃
䛻㥑ືຊఏ㐩䛾䛯䜑䛾ఏ㏦㊰ඛ➃ᵓ㐀䛻䛴

䛔䛶㻙⣽ᚄ䝟䜲䝥ᒅ᭤ືఏ㏦㊰ᙧ䝰䞊䝍

㻔㻞㻕㻙䛃㻘᪥ᮏ㡢㡪Ꮫ2011ᖺᏘㅮ₇ㄽ
ᩥ㞟㻘㻌pp.㻝㻠㻣㻟㻙㻝㻠㻣㻢.

(3)   ⏣ᮧ䚸ᖹ㔝䚸㧗㔝䚸㟷ᰗ䠖䛂⣽⥺ືఏ㏦㊰
䛾ບຠ⋡䜢㧗䜑䜛䛯䜑䛾㐃⤖ᵓ㐀䛻䛴䛔

䛶㻙㻌 ⣽ᚄ䝟䜲䝥ᒅ᭤ືఏ㏦㊰ᙧ䝰䞊䝍㻔㻟㻕㻌

㻙䛃㻘᪥ᮏ㡢㡪Ꮫ2011ᖺ⛅Ꮨㅮ₇ㄽᩥ
㞟㻘㻌pp.㻝㻟㻞㻣㻙㻝㻟㻟㻜.

3.2

2.3

2.53

1.87

1.4mm  
d=1.3

Gapped  hole

(b)    Shaft-base.

PD

4.2

7. 䜎䛸䜑

䚷⣽⊃㒊䜈䛾ືຊᑟධ䜢ᣦྥ䛧䛯⣽⥺ືఏ

㏦㊰ᆺ䛾㉸㡢Ἴ䝰䞊䝍タィ䜢♧䛧䛯䚹ື

ບ㒊䛛䜙⣽⥺䜈䛾ືఏ㐩ຠ⋡䜢ྥୖ䛥䛫䜛

䛯䜑䛾ᩚྜᒙ䜢タィ䛩䜛䛻䛒䛯䜚䚸 ᵓ㐀᥋⥆Ⅼ

䛷ษ䜚㞳䛧䛶ྛ䚻䛾ᶵᲔⓗ䜲䞁䝢䞊䝎䞁䝇䜢

㻯㻻㻹㻿㻻㻸 䜢⏝䛔䛶ゎᯒ䛩䜛ᡭἲ䜢⏝䛔䛯䚹ᐇ

㝿䛾タィᵓ㐀䜢┤᥋⏝䛔䜛䛯䜑䚸」㞧䛺ᙧ≧䜔

ᚋ䝻䞊䝍㒊䛾ලయⓗ䛺ᵓ㐀䛜㏣ຍ䛥䜜䛯ሙྜ

䛷䛒䛳䛶䜒ྠ୍䛾ᡭἲ䜢⏝䛔䜛䛣䛸䛜ฟ᮶䜛䚹

䚷ᩚྜᒙ䛾ᙧ≧䜢Ỵᐃ䛩䜛䛻䛿䚸 ᩚྜᒙ䛾๓ᚋ

䛷ษ䜚㞳䛧䚸䛭䜜䛮䜜䛾ᶵᲔⓗ䜲䞁䝢䞊䝎䞁䝇䛜

୍⮴䛩䜛᮲௳䜢㐃❧䛥䛫䛶୍䛴䛾ゎ䛜ᚓ䜙䜜

䛯䚹⤖ᯝⓗ䛻ึᮇᵓ㐀䛷ၥ㢟䛸䛺䛳䛶䛔䛯ఏ㏦

Transmission  line

㊰㒊䛷䛾ᖜቑ䛜ᚓ䜙䜜䛯䚸ᐇ⏝ୖགྷ䛺

䝰䞊䝗⤖ྜ䛜ᅇ㑊ฟ᮶䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹

䚷᭦䛻ᐇ⏝ୖ䛿䝻䞊䝍㒊䛻㛵䛩䜛ᵓ㐀タィ䛜㔜

せ䛷䛒䜚䚸 䛣䛾Ⅼ䛻䛴䛔䛶䛿ᚋ䛾᳨ウㄢ㢟䛷

䛒䜛䛜䚸ཧ⪃䜎䛷⌧Ⅼ䛷䛾ᵓ㐀䜢♧䛧䛯䚹

Fig.17    Rotor  holding  construction  using  a  shaft-base  
with  gapped  hole  and  a  preload  mechanism.  

Fig.19    Trial  construction  to  preload  and  
to  apply  friction  force  for  the  rotor.
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Fig.18    Analyzed  result  of  bending  displacement    
                of  the  shaft  and  base-construction.
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