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Variable Gain Type PID Control using PSO for Ultrasonic Motor
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Although the ultrasonic motors are useful in various cases, they are very hard to control because of the following
reasons: the motors have nonlinear relations between the input(phase difference) and the output(revolving speed), the
property fluctuation is caused by change of load, and the structure is quite complicated. Therefore we propose the
variable gain type PID controller, in which parameters are adjusted using the particle swam optimization (PSO). Then,
the effectiveness of the proposed method is confirmed by the experiments.
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Fig. 2 Block diagram of Variable Gain Type PID control
using PSO.
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Fig.4 Flowchart of PSO.
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Fig. 7 Experimental equipment. error[deg]
(a) Clockwise rotation.
Table 1 Performance of USM, encoder and load.
Rated rotational speed : 100 rpm 100 r
USM Rated torque : 0.392 N*m 80 |
Holding torque : 0.382 N+m 60 L
Encoder Resolution : 0.0036 deg
Magnetic Brake 0~02N-m 40 -
20 r
Table 2 Performance of drive circuit.
O 1 1 1 1 1 1 | [ |
Driving frequency 36.0 kHz
. -0.0288 -0.0144 0 0.0144  0.0288
Driving voltage 150V
Phase difference -90~90 deg error[deg]
Resolution of phase difference | 1.406 deg (b) Counter clockwise rotation.
Sampling time 1.0 ms Fig. 8 Positioning accuracy of PID control with load.
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a0 | Fig. 10 PID Gain of proposed method with load.
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