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Research on Piezoelectric Hysteresis Compensation by LabVIEW FPGA Module

GAN Xiaoming, ZHANG Chen, SHI Han
(College of Mechanical and Electrical Engineering, Nanjing University of Aeromautics and Astronautics,
Nanjing 210016, China)

[ABSTRACT] Aiming at the errors caused by hysteresis nonlinear effect in the operation of piezoelectric ceramic
actuators, a hysteresis compensation control method is proposed. Firstly, for the hysteresis nonlinearity, the corresponding
hysteresis model is built based on the PI model, and the inverse model is used to adjust the input voltage of the piezoelectric
actuator. Secondly, aiming at the shortcomings of PI model, PID closed-loop control is combined to further compensate
the hysteresis error. Finally, the piezoelectric hysteresis compensation control system is built based on LabVIEW FPGA
module, and the elliptic vibration trajectory control experiment is studied. The experimental results show that the maximum
relative error of the displacement of the piezoelectric actuator under the composite control is less than 3%.
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Table 1 Relevant parameters of PI model

i ; 7 i ; 7

1 0.02706 0 6 3.42E-16 60
2 0.01473 12 7 7.83E-16 72
3 0.00288 24 8 2.19E-15 84
4 0.00845 36 9 7.57E-15 96
5 2.68E-11 48 10 0.00217 108

®2 PIEEBIBXSH

Table 2 Relevant parameters of the inverse PI model

i ;' 7 i w,' r!

1 39.9492 0 6 —3.8135E-11 2.5707
2 —-15.4734 0.3004 7 —7.1103E-11 3.1986
3 —1.5865 0.7907 8 —1.2436E-10 | 3.8264
4 -3.7773 1.3149 9 —5.6185E-10 | 4.4543

5 —1.0565E-07 1.9428 10 —0.7013 5.0822
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Fig.7 Expected and actual displacement of sinusoidal vibration of different frequencies under the feedforward control
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Fig.8 Error between expected and actual displacement of sinusoidal vibration of different frequencies under the feedforward control

122 Wi hEEAR - 20234E 5566 4% 552110



PN
RESEARCH HI:%&I

10 Hz.50 Hz 1 100 Hz B3R T, &40 T B4R
PR L TR R R B34 05 MR AR 220 WIFRAR T 54.6% .
68.8%.74.2% F1 78.1%, 1M H.M\ 1 Hz %] 100 Hz, ffi &

— JiBRfiFg

st WL

0 0.5 1.0 1.5 2.0
A 1)/s
(a) 1 Hz
51 WA — SR

1
0 0.01 0.02 0.03 0.04
A [a)/s
(c¢) 50 Hz

AR AR, e L B IR sh 2 FE B — A i i ik T
i A B B KA TR 22 N 4.83% H8 K3 9.65%, T &
GEEHF B RN R 2E FARMFTE 3% LI, L2

51 W — WP
0 0.05 0.10 0.15 0.20
Hif 1l /s
(b) 10 Hz
51 =N — PR
4+
ERY
B
=
~ 2 L

—_
T

1 1
0 0.005 0.010 0.015 0.020
HF ] /s
(d) 100 Hz

B9 E&EHTARREEZREEZME 5 KR

Fig.9 Expected and actual displacement of sinusoidal vibration of different frequencies under the composite control
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Fig.10 Expected and actual displacement errors of sinusoidal vibration of different frequencies under compound control
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Table 4 Comparison between feedforward control and compound control
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