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Anti-hysteresis method of linear equation based on cutting rate

Fu Yuchen, Fan Wei, Yu Xinyan, Jin Huaxue

(Key Laboratory of Process Monitoring and System Optimization for Mechanical and Electrical
Equipment , Huagiao University, Xiamen 361021, China)

Abstract: Aiming at the influence of the inherent hysteresis characteristics of the piezoelectric ceramic actuator on the positioning and
control accuracy, a linear equation anti-hysteresis method based on cutting rate is found. Firstly, the sampling points of the rising and
falling trajectories of the hysteresis curve and the cutting rate ratio of the target correction line are calculated, the ratio is the cutting rate
coefficient B. The relationship curve between the sampling voltage and corresponding 3 is fitted segmentally into a linear equation group.
Finally, the sampling voltage is inputted into the equation group to obtain the correction voltage, and the driving control curve is made.
Experiment results: with the above anti-hysteresis principle, the maximum hysteresis error of the driver is reduced from 14.543% to
1.268% , the repeatability error is less than 1.497% , and the nonlinear error is less than 4.497%. Experiment conclusion; compared
with the cumbersome and complex modeling algorithm, the proposed method can realize the correction of the hysteresis curve with the
form of proportional amplification and addition operation circuit. The algorithm is only one-order equation group, which has higher
implementation feasibility and operability. The algorithm provides a scientific reference for further improving the positioning and control
accuracy of piezoelectric ceramic actuators.

Keywords : piezoelectric ceramic actuator; cutting rate; cutting rate coefficient; linear equation; correction voltage
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Table 1 The B values corresponding to the sampling points

REESE SREEH IR/ REES SRR/

% v ETRe) v
1 0 / 17 80 0.93
2 5 1.375 18 85 0.919
3 10 1.308 19 90 0.924
4 15 1.241 20 95 0.929
5 20 1. 174 21 100 0. 934
6 25 1. 107 22 105 0.939
7 30 1. 04 23 110 0. 944
8 35 1. 029 24 115 0. 949
9 40 1.018 25 120 0. 954
10 45 1. 007 26 125 0.959
11 50 0. 996 27 130 0. 964
12 55 0. 985 28 135 0. 969
13 60 0.974 29 140 0.974
14 65 0.963 30 145 0.979
15 70 0.952 31 150 0. 984
16 75 0.941
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Table 2 Sampling voltages and correction voltages

Rt ik | RER 0 fiEd | RHG i | RER iR
E/V J&/V J&/V J&/V J&/V J&/V FE/V JE/V
5 1.375 6. 875 80 0.930 74. 400 150 1 150 75 0.790 59.25
10 1.308 13. 080 85 0.919 78. 115 145 0. 986 142.97 70 0.776 54.32
15 1.241 18.615 90 0.924 83. 160 140 0.972 136. 08 65 0.762 49.53
20 1.174 23.480 95 0.929 88. 255 135 0.958 129.33 60 0. 748 44. 88
25 1. 107 27. 675 100 0.934 93. 400 130 0.944 122.72 55 0.734 40. 37
30 1. 040 31.200 105 0.939 98. 595 125 0. 930 116.25 50 0. 720 36. 00
35 1. 029 36.015 110 0.944 103. 840 120 0.916 109. 92 45 0. 706 31.77
40 1.018 40. 720 115 0. 949 109. 135 115 0.902 103.73 40 0. 692 27. 68
45 1. 007 45. 315 120 0.954 114. 480 110 0. 888 97. 68 35 0.678 23.73
50 0. 996 49. 800 125 0. 959 119. 875 105 0. 874 91.77 30 0. 664 19.92
55 0.985 54. 175 130 0. 964 125. 320 100 0. 860 86. 00 25 0. 650 16. 25
60 0.974 58. 440 135 0. 969 130. 815 95 0. 846 80. 37 20 0.651 13.02
65 0. 963 62. 595 140 0.974 136. 360 90 0. 832 74. 88 15 0. 640 9.60
70 0.952 66. 640 145 0.979 141. 955 85 0. 818 69.53 10 0.598 5.98
75 0.941 70. 575 150 0.984 147. 600 80 0. 804 64.32 5 0.570 2.85
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Fig.6  Driving control curve
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