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Derivation of Mathematical Models of an Ultrasonic Motor and Influence of Temperature

Characteristics
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Recently, robot has spread the playing field in the field of nursing and housework. These robots works alongside
humans, so the robots are necessary to secure the safety when bump into human and to realize collaboration work with
human. USM (Ultra Sonic Motor) is of interest as an actuator of these robots because it is light weight and has low
rotating speed and high torque.

However, application of this actuator is limited, because it has high nonlinear characteristics. Especially, the
temperature characteristic has a large influence on the rotational speed of USM. However, the model of USM that takes
the temperature characteristic into consideration is hardly reported. However, the model of USM that takes the
temperature characteristic into consideration is not reported.

In this paper, we proposed the mathematical model of USM considering temperature characteristics. And the model is

proven by accomplishing the comparison with the experiment.
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Table 1 Specifications of USR30-B3

Driving frequency[kHz] 50
Driving voltage[ Vrms] 110
Rated torque [Nm]| 0.05
Rated output[ W] 1.3
Rated rotational speed[rpm]| 250
Maximum torque[Nm]| 0.1
Holding torque[Nm] 0.1
Responsibility[msec] 1 or below
Rotation direction CW,CCW
Longevity [Hrs] 2000
Service temperature range[C] -10~+55
Service temperature rise[ C] 70
at stator surface
Weight| g | 45
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Fig.3 Components of a model of the USM
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Fig.6 The admittance curve of the stator and the model

Table 2 Parameters of the admittance model

my kg | 0.018]ds Nsm™ | 5.761
C,nF | 337, kHz | 47.53

R, Q | 3757 .. kHz | 47.71
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Fig.7 Driving Mechanism of USM
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72721, AOuy I3 USM OFEEE, A0, IZTRZUTHH SILDHEE, Cu i USM OBEE, o lIREmEME
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A
USM
B
Phase shifter ——»  Amplifier

sin(or + ¢) Vsin(ot + ¢)

Fig.8 Configuration of driving circuit
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Fig.9 Experimental apparatus
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Fig.10 The relationship between frequency and rotational speed
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Fig.11 The relationship between the admittance and frequency of the stator as a parameter of temperature
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Fig.12 The relationship between frequency and rotational speed as a parameter of temperature
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Fig. 14 Rotational speed characteristic
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