$44% BTH % #&= O £ E M Vol. 44 No. 7

202347 A Chinese Journal of Scientific Instrument Jul. 2023

DOI: 10. 19650/j. cnki. cjsi. J2311416

EEHITREHMABAEE B R

fe X, £ 2 E, KR, LA 5%, M IRAR
(TUWRFV TR 1220 T 315211)

B E RSN B AL AL B, BT MECE C S ARV R AR, B R GEAS , R AT A B 5 1 R R R AT
WAL . B AE, ZET IR B AT A TR HURAR F T R AR AR TR Y TR i, 38 2 e A AR AR T A L nﬁ%ﬁf‘ék%ﬁl_—'ﬁﬁ,%}usﬂj
T —FhARPAT B AR 2 2R AT AR 088 BRI i o AR, 25 B B i s AT A 4 T R O -5 A ri ORI, DA BB B IOR
£ P DX RN BE ARSI, 45 1 T BB AR S L R R AT S AR B BB RIA AR HIRRIS B . R TE
BHRE AT 8 FIRAIS B IEA, L , SCRSIE T BT RS 0088 BRI TR A St , 4 SRR, BB B I ROKR 4y
BER, N 0.24 wm FERFASALRS HIRAIT T, 7E 0~ 118.9 pm WINLRIE A, B BRI ALRS 1 B RARXT R 22 1. 17% s TESh A (LB
IS T, 75 0~ 100 Hz B3R RN, BRI ALFS (iR AR IR 2E 0 1. 45% o FIIBTHR ) AN B A0 A% B IR O 12k B RE S 3R
FAS R R S RESE BB AS PRI I RS BE L R 0 BRI A% TR

KB RAEPATA LR B A AR 7 5 LT M

HES%ES: TH703 NEARIRES: A ERFAEZRSERTD: 510.8030

Precise self-sensing for output displacement of piezoelectric actuator

Xiong Zhiwen,Cui Yuguo,Cai Yonggen,Ma Jiangiang, Yang Yiling

(The Faculty of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China)

Abstract:To eliminate the external precision displacement sensor, reduce the volume of the micro assembly and micro operation
system, and reduce the system cost, the self-sensing method is used to obtain the output displacement of the piezoelectric actuator.
Firstly, the deformation of the piezoelectric actuator under the action of voltage is utilized. Meanwhile, the piezoelectric actuator is be
polarized and charges on the surface of its surface is generated. A displacement self-sensing method of the unbalanced current integral
piezoelectric actuator is proposed. Secondly, considering the influence of the leakage current and dielectric absorption current of the
piezoelectric actuator, as well as the bias current of the operational amplifier on the self-sensing accuracy, the self-sensing expression
and the self-sensing parameter identification method which can accurately reflect the output displacement of the piezoelectric actuator
are given. Finally, on the basis of identifying the self-sensing parameters of the piezoelectric actuator, experiments evaluate the
effectiveness of the proposed precision displacement self-sensing method. The results show that the self-sensing displacement has a
sub-micron resolution of 0.24 pwm. In terms of static displacement self-sensing, the maximum relative error of self-sensing
displacement is 1. 17% in the displacement range of 0~ 118.9 pwm. In terms of dynamic displacement self-sensing, the maximum
relative error of self-sensing displacement is 1. 45% in the frequency range of 0~ 100 Hz. The proposed precision displacement self-
sensing method cannot only realize the static long-time, but also achieve the dynamic fast high-precision and high-resolution
displacement self-sensing.
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Fig. 1 Schematic for displacement and charge of

piezoelectric actuator
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Fig. 2 Self sensing circuit for displacement of

piezoelectric actuator
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in different voltage
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of the piezoelectric actuator
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of the piezoelectric actuator
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