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Method for Controlling Multi-DOF Ultrasonic Motor using Neural Network

ol OO ODLOOOODOO

U 00 0oo0oooo

Kenjiro Takemura, Dept. of Mech. Eng., Keio University, Yokohama, kenjiro@mmm-keio.net
Takashi Maeno, Dept. of Mech. Eng., Keio University, Yokohama, maeno@mech.keio.ac.jp

Abstract: A multi-DOF ultrasonic motor developed by authors is suitable for constructing a smart multi-DOF motion unit. In
this study, a control method for the multi-DOF ultrasonic motor using a neural network is constructed. First, an inverse model
of the multi-DOF ultrasonic motor is newly developed by use of transcendental knowledge about ultrasonic motors and
neural network technique in order to deal with redundant and non-linear driving characteristics of the motor. Then, the
control method of the multi-DOF ultrasonic motor using the inverse model is proposed. Using a method, the spherical rotor
of the multi-DOF ultrasonic motor can be rotated around arbitrary rotational axis. Finally, the motion control test using the
proposed control method is conducted. As a result, an effectiveness of the control method is confirmed.
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Table 1 Combination of phases and amplitudes for each class

N’ Maximum Phase [rad] Relative amplitude
SuteID | ls | subels N’ NY, N, |ingredient [ 4, Byy Grons | Asose Ay Altns
1 @ N, w20 =2 0 0-3 1 1
2 1 (ii) + o+ - IV, 0 w2xm =2 1 0-3 1
3 (iii) IV 0 a2 0n2 1 1 0-3
4 @) N w2~ w2 0 0-3 1 1
5 1l (i) - IN°, ©2 0m2 0 1 0-3 1
6 (iii) IV’ 2 0 w20 1 1 0-3
7 [0} N, o2 w2 0 0-3 1 1
8 il (ii) - - IV, w2 w2m 0 1 0-3 1
9 (iii) N 0 2 -m/2~0 1 1 0-3
10 (0] IV, 02 0 n/2 0-3 1 1
11 v | Gi) -+ 4 I, 0 w20 w2 1 0-3 1
12 (iii) N7 w2 0 w2 1 1 0-3
13 ) N7, -2-0 0 n/2 0-3 1 1
14 v (ii) - IV, 0 0m2 w2 1 0-3 1
15 (iii) IV 0  n2 wm2nx 1 1 0-3
16 @) N, n2~m 0 n/2 0-3 1 1
17 v |G - IV, 2 w20 0 1 0-3 1
18 (iii) IN%| w2 0 0-m2 1 1 0-3
19 [0} IV’ -n~-n/2 m2 0-3 1 1
20 VI | (i) + IV, 0 w2 w2 1 0-3 1
21 (i) V% w2 0 w2 1 1 0-3
22 (i) Ve 2 w2 0 0-3 1 1
23 | v (i) - - - IN%| 0 m2m %2 1 0-3 1
S i p N w2 0 m2em) 1 1 03
25 L-1 0 0 IV 0 0,72 w2 0 1 1
26 0 1,-1 0 N 0.2 0 w2 1 0 1
27 0 0 1,-1] N 0,m2 2,0 0 1 1 0
0 A0 0.7/2, =, 72, ©/2,0,
28 Mo Ny o0 o.n2 032 m20| &1 011
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