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Research on Temperature-Compensation Method of USM

GAO Bing-dong, ZHANG Cong-ju, WANG Hong-ru, XIONG Guan-song

(Beijing Institute of Automatic Control Equipment, Beijing 100074, China)

Abstract: To solve the problem of the speed of Ultrasonic Motor (USM) decreasing with the increasing
temperature, by fitting and calculating the experimental data, a temperature-compensation method is
proposed after analyzing the effect of temperature-rise on the voltage gain of LLC resonance circuit
and the resonant frequency of piezoelectric material based on the equivalent circuit model of the
motor. The validity of the compensation algorithm is verified experimentally.
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Fig. 1 The graph of the temperature and speed with
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Fig. 2 The equivalent circuit model of USM
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Fig. 3 The matching circuit of USM
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Fig. 4 The bode diagram of LC resonance

system at different temperature
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Fig. 5 The curve of capacitance-temperature for C,
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Fig. 6 The function curve of the voltage gain to the

temperature and the frequency of control signal
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Fig. 7 The curve of the resonant frequency-temperature for

piezoelectric material
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Fig. 8 The characteristic curve of frequency-

speed for motor control signal
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Fig. 9 The speed-temperature curves with

different frequency of control signals
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Tab. 1 The speed-temperature curve fitting results

75 J % /kHz R RER MEE R?
41. 21 —0.00683 0. 89531
40. 93 —0.00961 0.94484
40. 65 —0.01410 0. 93755
40. 38 —0.01478 0. 93436
40. 11 —0.01946 0. 94436
39. 85 —0. 02090 0.97244
39.59 —0.02114 0. 98498
39.33 —0.01643 0. 95482
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Fig. 10 The function curve of the speed to the

temperature and the frequency of control signal
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Fig. 11 The graph of the temperature and speed with

40. 391kHz control signal after temperature compensation
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