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Research on Control of Non-Resonant Elliptical Vibration Cutting Device

Based on Piezoelectric Hysteresis Model
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Astronautics, Nanjing 210016, China)

[ABSTRACT] According to a typical structure of non-resonant elliptical vibration cutting (EVC) device, the dynamic
hysteresis characteristics of piezoelectric stack in non-resonant EVC device are considered, the static PI hysteresis model is
segmented into dynamic weights, and the dynamic PI hysteresis model is constructed to describe the relationship between
the axial input voltage and the output displacement of the non-resonant EVC device. The feed-forward controller of the
non-resonant EVC device is established by inversion of the hysteresis model, and in order to further improve the accuracy
and stability of the control system, the PID feedback link is introduced and the feed-forward is used. The compound control
method of inverse controller and PID feedback is used to control the sinusoidal displacement of the specified frequency and
amplitude of each axial output of the non-resonant EVC device, so that the motion frequency, shaft length and inclination
of the elliptical vibration track can meet the requirements, and the non-resonant EVC device can be controlled. The
experimental results show that the non-resonant EVC device can output an elliptical vibration trajectory with an adjustable
amplitude and dip angle below 100Hz under compound control, and the motion error is less than 3.5%.
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Fig4 Schematic diagram of hysteresis loop curves at different frequencies
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Table 1 Y-direction static PI model parameters

i W | AUE o i Wy | AUE o
1 0 0.0428 6 60 0
2 12 0.0323 7 72 0
3 24 0.0153 8 84 0
4 36 0.0015 9 96 0
5 48 0 10 108 0
R2 ZEEESPIHERISH
Table 2 Z-direction static PI model parameters
i Wy | AUE o, i W | AUH o,
1 0 0.0291 6 60 0
2 12 0.0149 7 72 0
3 24 0.0035 8 84 0
4 36 0.0077 9 96 0
5 48 0.0016 10 108 0.0043
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