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Amplitude-Phase Control of Ring-Type Travelling-Wave
Ultrasonic Motors Based on Space Phase Modulation
Lu Danhong'® Hu Mingiang® Jin Long® Xu Zhike! Zhang Yangfei?
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2. Nanjing Institute of Technology Nanjing 211167 China)

Abstract A novel ring-type travelling-wave ultrasonic motor based on space phase modulation is
introduced, and the motor speed is controlled by space phase instead of the time phase. New piezoelectric
ceramic electrode configuration is designed, and four stator standing waves are produced. Every two of
them are same as the vibration amplitude or same as the time phase. Based on the principle of
waveform superposition, a new standing wave is composed by two standing waves who are the same as
time phase, and the space position of composite standing wave would be changed when the vibration
amplitudes of two standing waves are changed. Then space phase of ultrasonic motor is controlled.
Relationship between power and space phase is studied, waveform and speed function of the novel
motor are deduced. With the study of amplitude control and phase control, the phase-amplitude control
of novel ultrasonic motor is developed. Simulation and experiment results confirm the theory analysis.
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Fig.9 Standing wave of SPC-RTWUSM excited by

different powers (A sides)
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Fig.10 Wave in stator with the space phase control
(b=1, a=0)
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Fig.11 Wave in stator with the space phase control
(b=1/{2, a=1/y2)
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Fig.12 Speed curve of SPC-RTWUSM
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Tab. Equivalent phase angle and rotational speed of SPC-RTWUSM (a=1, f=43.5kHz, T =ON m)

b -1.00 -0.95 -0.90 -0.85 -0.80 -0.75 -0.70 —-0.65 -0.60 —-0.55 -0.50
B£IC) -90.0 -87.1 -84.0 —-80.7 -77.3 -73.7 -70.0 —66.0 —61.9 -57.6 -53.1
n/(r/min) -12.00 -11.77 -11.10 -10.90 -9.95 -9.53 -9.22 —-8.40 —-7.83 —6.93 —6.38
b -0.45 -0.40 -0.35 -0.30 -0.25 -0.20 -0.15 0.35 0.40 0.45 0.50
LI°) —48.5 —43.6 -38.6 -33.4 -28.1 -22.6 -17.1 38.6 43.6 48.5 53.1
n/(r/min) -5.03 —-4.50 -3.52 -2.72 -1.93 -1.18 0.00 0.00 1.23 2.17 2.55
b 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
BIC°) 57.6 61.9 66.0 70.0 73.7 77.3 80.7 84.0 87.1 90.0
n/(r/min) 3.75 4.85 5.07 6.22 7.05 8.43 8.50 10.17 11.00 11.30
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