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Position Control of Ultrasonic Motor Based on Two—degrees—of—freedom MRACS with NN

Akihiro NAGANAWA*, Masashi FUJIEDA™*, Kanya TANAKA***
Masato OKA™** and Yuji WAKASA™**

The ultrasonic motor (USM) has many features, for example small size, light weight, low speed high torque and
so on. Therefore, the applications as an actuator of small motion control are expected. Moreover, the USM does
not generate electromagnetic noise and is not influenced by it either as magnetic action is not the principle of
its driving. Therefore, its use in environments such as medical treatment and the welfare field which cannot use
an electromagnetic motor is also expected. However, the principle of driving of the USM is a friction drive, and
has a nonlinear property for its input-output relation. Also, the dynamics changes according to drive conditions
such as an increase in temperature of the USM by frictional heat, change in load and so on. For these reasons,
it is difficult to realize the highly precise position control by the PID control technique with fixed gains.

In this paper, the position control method of the USM based on two-degrees-of-freedom control system which
has a neural network (NN) to adjust the gains of the PID controller is discussed. The control system is based on
the MRACS (Model Reference Adaptive Control System). Until now, many conventional MRACS was composed
by using the feedback controller. However, in this case, the feedback controller must be tuned to enhance the
performance for both the reference response and the feedback properties. Therefore, the proposed MRACS is
made up of the two-degrees-of-freedom control system. The feedback controller adaptively suppresses, effecting
the nonlinear property and perturbation of the USM, by adjusting the gains of a PID controller. Moreover, the
feedforward controller with the desirable transient response characteristic is also realizable. The effectiveness of

the proposed method can be verified by experimental results.
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Fig.1 Experimental system of USM

Table 1 Specification of experimental system

15.708 rad/s

No-load rotational speed

USM Starting torque 0.39 Nm
Self-holding torque 0.39 Nm

Drive Driving frequency 35.5kHz

circuit | Phase difference —7/2 ~ m/2 rad

Minimum phase difference | 0.0245 rad
6.28 x 107° rad
0 ~ 0.25 Nm

Encoder | Resolution

Load min ~ max

20

No-load 0 s
No-load 600 s

Revolving speed [rad/s]

Phase difference [rad]

Fig.2 Characteristic properties of USM
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Fig.11 PID gains (60s after start of experiment, m = 5)
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