
Fig.1�  the example of the movement to realize 3DOF movement 
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Design method of a Multi-Degree-of-Freedom Ultrasonic Motor Using Genetic Algorithm 
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The purpose of this research is to develop the design method that can design various types of MDOF Ultrasonic Motors, resolving 
problems of conventional designing method. We decided to adopt the genetic algorithm considering the features of designing a 
MDOF Ultrasonic Motor .The decision variable are the shape of the vibrator and the vibration modes to drive it. We set evaluation 
functions considering designing conditions of a MDOF Ultrasonic Motor. We confirmed that the plate type MDOF Ultrasonic Motor 
designed by this designing method has ability to realize 3-degree-of-freedom movement that is more efficient than the conventional 
one. Therefore we showed the possibility that this designing method is useful for designing of any types of MDOF Ultrasonic Motor. 
 
Key� Words: ultrasonic motor, multi-degree-of-freedom, genetic algorithm, design, finite element method
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Table2�  the comparison of the 3DOF Ultrasonic Motor 

èaä2DOF Ultrasonic Motor 

èbä3DOF Ultrasonic Motor 
Fig.2�  the shape of vibrator  

Table1�  the vibration feature of the 2DOF Ultrasonic Motor 

3ä ,¿Àg�1�!ÐÑÒÓ�éê¢Â5�ëP!èx� 
1�2 y�����Ü�ä 

4ä ¿Àg�1�!ÐÑÒÓ�éêç�?@5,�ìí¦

W±�Pî�ïí�Â±èz�����Ü�ä 
5ä ¾¿Àg�1�!ÐÑÒÓ�éêç�?@� z �Ö�

5 0�h! 
6ä ¾¿Àg�~ð5ñ L 
�[\¢£�1�!ònæm�����	89:;���

~�Ïu|1�2§�Ü���L!ÈO~�;��KP!"

¹ºq
@»¼F+�1�!¾ó-�ô�/��¹ºÏ�õ

ö�÷øaV!89:;���~�ÏÁ��Où¶ú;û@

KP!"\ü�ýV�bc�þ��h!"Où¶ú;û@�

¸W�Où¶ú���UL�ÈO~�m1�2æÊç�?@

�����"��W$~�;���Pî��������§

V�VâãW�¬¦�L~�;���������1�!â

ã���ó-�âãKP!"b������nW$ó-m�

�	�
P"#�ó-����¸W�¹ºq
÷����à

������ÕÖP!"b��½����jk5á$aV!

��	�
P" 
 

 
 
-m��	�
P"#�ó-����¸W�¹ºq
÷�

���à������ÕÖP!"b��½����jk5á

$aV!��	�
P" 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

3� �	 
�  
¤¥W$[\¢£����	89:;���­�W$"[

\¸���[\]��!^U_`q�[\5���h!K³

�wV!��|���	89:;��KW$"�$���|

���	89:;���������h�����õö�[

\���	5Þ�!"#�$%���1�2��	�³´W�

�ST�� 2��	��|89:;��1�2 3��	��
|89:;��� 2Ç�[\P!#KKW$" 
ó-m� 250�¾ó-�¸W���P!~�;��� 20�

��jk� 200 ��KW�[\�U�$"��A�����
KW�@�G�?���)��¼J �!G�?"#���

$�W$"Ä%���gÄ%�$�W$"&'�()�� 

�[\jk�á$P~�Ïu|�z%$"[\W$~�Ïu

|�Ý 2�dP"à�� 2��	��|89:;���~�
Mv�ô 1�dP" �$�ô 2��3��	��|89:;
���1L�YZ�~�ÏK�[\¢£��L�[\W$~

�Ï�~�Mv����dP" 
ô 1���*+P! 2��	��|89:;���~�Ï

5[\jk�,-á$W�L!#K5�X!"�$�ô 2 �
��*+P! 3 ��	��|89:;���~�Ï�~�M
v��ÈO~�m�Ì�.±,��/p�1L��YZ�~

�Ï��¦0V$��dP#K5�X!"�1��1�89

:;���ÈO~�m�Ì5 650Hz bc�hV���Ü�
���h!#K52wV�L!"W$5���[\W$~�

Ïu|�YZ�~�Ïu|��î�0V$~�Mv�OW�

L!KL�!" 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
4� 
� 

 
¹ºq
@»¼F+��L$���	89:;���[\

¢£�¤¥W$"¤¥W$[\¢£���|���	�9:

;���­�W�[\jk�á$Pu|�[\W$"�$�

[\W$��|���	89:;���~�Ï�YZ�~�

Ï��¦0V$~�Mv�OP!#K�ª«W$"b����

¤¥W$[\¢£�O3v�dW$" 
 

�� 
[�� 97]� �������	
��
��������������

�����1997 
 

�  YZ�� *+P!�

�  ~�Ïu|� ~�Ïu|�

45��

~�ç�?@ 
��P¾èdegä� 64±27 79±7 90 

éêç�?@ 
��P6(deg)� 56±79 7±4 0 

ÐÑÒÓ�7  
(deg)� 52±9 63±8 90 

 

�  x�é� y�é� 45��

~�¢Â 
��P¾èdegä 82±1 77±8 90 

éêç�?@ 
��P6(deg) 8±5 17±6 0 

ÐÑÒÓ�7 (deg) 89±1 89±1 90 
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