%536 % 45 3 M hOE OHL B TR Vol.36 No.3
2025 4F 3 H CHINA MECHANICAL ENGINEERING pp.493-503

AT K 5 2 T A 2 o 05 30 T
R ) S B

Z F g #H EERE FiL
LA K FHMR A F R, 440,212100

BEREALARKR KRESRGABNFROELALEHE, T AITE LK, 4845 5% 2R
RIANER, oW TELRDBNIFREZR TR AR THEBHREHRK, X EVLIE)E ALY
RAHFELEBRAL  EI T — AR RFIERBEAER A PL AL, @R F Emiey it
A2 W% (GA-BP)#E ATkt , 237 GABP oM A% PID A4 EHMNAL. FTEAT AL AL
IRF BRI ELBAMEFE T, EREAN . HEYL ZEF M TAER E®IKS) 5 6) x K 44 % 558.3
pm. EFZAZ 5 FHE R R KM AR £ A 0.0573 pm, FAKHEGIEH AR THARZT 240K
e AR IR AT R IR I B AT TR 9T YW LR 442 E 2 ms VAR, AR A 60 ms R SEIIH AP, %
R FARZHT 2% m ik R HREREZ B F 0.09% A F L B0iE T /&I 3h B 69t ik vh B 54K
BEREW LR,

KB R IRSNES s RAES IR LR PEEL AL 8 R &

RESES . TH139

DOI1:10.3969/].issn.1004-132X.2025.03.013 FA R (R IRAR %) #RIR A8 (OSID) :

Nonlinear Hysteresis Control and Experimental Study of Low-frequency
Large Displacement Multi-mode Piezoelectric Linear Actuators
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Abstract: A piezoelectric linear actuator featuring low frequency, large displacement, and high-
load characteristics was proposed, capable of operating in three modes to accommodate a variety of op-
erational conditions. The working principle of the actuators and the displacement amplification under
different loads were analyzed. For the hysteresis nonlinear phenomenon of the piezoelectric actuators,
an improved hysteresis nonlinearity model was developed, which was based on PI and enhanced
through a genetic algorithm optimized backpropagation neural network (GA-BP). A GA-BP feedfor-
ward fuzzy self-tuning PID compound control system was established, and the hysteresis nonlinear
compensation experiments of the actuators were carried out. Results show that the maximum output
displacement of the actuators is as 558.3 pm when two piezoelectric stacks are working simultaneous-
ly, and the maximum relative error of trajectory tracking is as 0.0573 pm under sinusoidal signals.
The implementation of the improved control strategy effectively enhances the performance of the sys-
tems, resulting in a trajectory tracking control accuracy of up to 97 %, a reduction of the delay time to
less than 2 ms, and the ability to realize the control response within 60 ms. This strategy accelerates
the system’s response speed, and reduces the steady-state errors to less than 0.09% , demonstrating
the capability for rapid responses and minimal steady-state errors.

Key words: piezoelectric actuator; large displacement; hysteresis; nonlinear model; control sys-
tem
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Fig.1 Structure diagram of a large displacement
piezoelectric linear actuator
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Fig.2 Principle of displacement amplification mechanism
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Fig.3 Output displacement of each operating mode

under different loads
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Fig.5 Schematic diagram of data acquisition
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Fig.6 Signal acquisition and filtering results
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Fig.7 Fitting results of PI hysteresis model for

piezoelectric driver
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Fig.8 Flow diagram of BP neural network optimized

by genetic algorithm
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Fig.17 Output characteristics of piezoelectric driver under the improved control scheme
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