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On Composite Control Method for Piezoelectric
Ceramic Driving Platform

ZHAO Qing-xu, WANG Yi-fan, WU Wen-peng, HU Zhen

( Changchun University of Science and Technology, Changchun 130022, China)
Abstract; The hysteresis nonlinearity of piezoelectric ceramic driving platform affects its positioning accuracy,
and reduces the quality of such micro-nano manipulation systems as atomic force microscopy for scan imaging of
micro/nanoscale samples. The hysteresis characteristics of piezoelectric ceramic driving platform are modeled by
the least squares method, thus the cumbersome hysteresis model acquisition process is avoided. The composite
control method combining feed-forward control with active disturbance rejection control is proposed. By setting the
bandwidths of the expansion observer and the system control, the purpose of eliminating hysteresis and improving
the positioning accuracy of the platform is achieved. The experimental results show that the composite control
method can effectively improve the system positioning control accuracy under the premise of ensuring system
stability.

Key words: piezoelectric ceramic driving platform; hysteresis; positioning accuracy; active disturbance

rejection control; composite control

0 35§

WE & B 00 & JR , AMTRT T 5 B A R 46 A TR
HERFE RO R . SOKRPARE N IR R84
& G EFFEHITRARR, Edh TR
B~ 5 P RAT R B g Ok R R R RS R, BT
LA TR R P 5 filE S0 T A HA S EA AR
VAR L P 7 B R R B, BRI R

A TH BRAB AR 4R P 0 T R P B UK Bl T £ 3 AR Y
AR, U 53 BRI, SHEETRET
Preisach 143 T —Fi1 ) TR E BT A IBHAEEL, FF 4 %)

75 H #9:2018-12-24 &3 B #5:2019-01-25

ESWHE A B RPIEHE4 (201554)

EER A PRIH(1995 —) , B, HFWEEA B LA, DR 07 A 8L
2R AMHIBA

TRV 45 ) 4 5 ] 8 X 3R iy 94T A X 1) AR
S Bl wF — B T TR S AR MR 4R — A
T8 25 VRSB A B B 7 4 4%, AT S T v g
PR W B 2T T AT BP B2 W 48R W
BRI 5L REMERIAES G WE GG 7%, B
T AR Y o) R 82 1 45 4 S SRS JEE B s WANG 251°) &f
X HE PLAR VB Rt — b O R Oy i, 4R
WRAGKMEMRERE; LIS B SWATEN KP
BEHIFe kR, IR IGH A B L 28 , RS
TIRHEBUE M P-4 KO 256 PLER 5 3R T 45 A%
LR LA ) R, -t 5 130 RS TRU ATy 457 45 1l 2% , SC I NF
s v W 2 R 31 - £ 3B 9 45 B M s HABINEZA 25
# Bouc-Wen IRHFHAIY B R 2 BRI R4, HEH
THRT W Rk 51 5 Boue-Wen HH () £ 715 8 IR #i #b
BRI T = [ o 3 R v P e R 3 5 BB



M

BIKE%E: EREERSTFENESERTENR 81

ERFIEME; PENG 41 ) /1 PID ¥ R RS W#H K
BOtM AT ER SRS P4, B iFmiheE T REE;
XU %8 i T —Ap T8 AU B B S e ek, 52
BT YRR RREE 2O LIU £ P R MR THELR
AL 2 AT 2 R AR B TIN5 51 28, 9B AR
EZAIMETR MR EZENRDRE, TR T RFREH
ROR;SU ™ R M4 BB T Backlash-like 38 #
A G e B SR SR P R TR 3 T
& E MR BB TR k4™ 41 %) Bouc-Wen 3B ¥
AR N — R TEE BS 0 R  E H 2S , B IE
T ERAERY:; 2T 2 i —FoRki# P
BSRNEE, 3H5E T RE SR PLNERE R
e, S0 TR IEME

b3t R B IR 3 & BB M B SR A
WM SRR AT LA, FE B R AR R 1
ARTFREGEERE A E L ER S BN EE R
H—FHRTPFENEHRNFE, RERGEEMEE ;&
& B R R E AR 545 PLiERS S
IR AT ERBERSF&, 0 i B RiEH T %
BEHITERAERME.

1 EBRREENFEERREHFLT

ERMERSFEIEEREHRAZSRE_RH
ARGUH B, A 1 Fn B RS NRERS
W RETER.

ERERREST [ 4 R
BT

—]

SHE—_MRE—

A1 EaEEESTFEEHER

Fig.1 Equivalent model of piezoelectric ceramic driving platform
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Fig.2 Hysteresis curves of piezoelectric ceramic driving platform
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Fig.3 Feed-forward control
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Fig.4 Piezoelectric ceramic driving platform model
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Fig.5 Input and output response curves of

piezoelectric ceramic driving platform
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Fig.6 Damping ratio vs overshoot of underdamped

second-order system
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Fig.8 Linear active-disturbance rejection controller

B # S RO R % SRR [ 17 ] Brig ik my
T ERERERSENATR T, S HEFRMMEF
P w, =9000 , I H T w, =2000,b, =500 000,k, =w,
ky= 2w, PLIEHIZEEBRA K, =0. 014,K, =50,
BMAES n BRERRFES 2sin (L 3m) MEH WS
S, M TEIAME E R Z R T BB IR E BT LA SE K &
FITELLT AR T i#77.

1) 1E5 1. BUHREE Gl AM2 R BT RGN, 7]
DABBEILIRZE o

ZEEHT B R AT BRE R AIRE MR &
BAIERKESH,F & REEFCR A 9a B, 9
RREERZE .

[
-,
e
=
.]

R /mV
[—]

B9 IE%%5ERT LADRC # PI BERIRCR
Fig.9 LADRC and PI positioning effect under

given sinusoidal wave
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