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PZT actuator control complex arithmetic based on nonlinear model
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Abstract: A new nonlinear mathematical model descripting the comparability between minor loop
curves and mean loop curves of the PZT actuator was establised. With the model, the minor loop
curves can be expressed by multiplying each point while the mean loop curves by a sequential factor.
The maximum relatively errors of the model are 1. 2% in ascending curves and 2% in descending
curves respectively. A new PID complex control arithmetic to the PZT actuator was setup referencing
feed-forward loop. The experimental results show that 280 Hz closed loop bandwidth is available with
4 pm peak-to-peak input.and the band width is 30% wider than that of a general PID feedback control
arithmetic.
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Fig. 1 Descending curves of PZT actuator in differ-

ent turning points, Q,(x) and P, (x) repre-

sent mean loop of a PZT actuator. The PZT

actuator ascends from curve P, (x) to turning

point x; at first, and then descends from

curve Q; ().
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Fig. 2 Ascending curves of PZT actuator in different
turning points, Q, (x)and P, (x) represent

mean loop of a PZT actuator. The PZT actu-

ator descends from curve Q, (x) to turning

point x; at first, and then ascends from curve

P, (x).
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Fig. 3 Model curves vs. experimental curves in as-
cending process, Real lines and broken lines
represent model curves and experimental
curves respectively, The maximum relatively

errors of the model are 1. 2% in ascending

process.
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Fig.4 Model curves vs. experimental curves in de-
scending process, Real lines and broken lines
represent model curves and experimental
curves respectively. The maximum relatively
errors of the model are 2% in descending

process.
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Fig. 5 Schematic diagram of experimental system
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Fig. 6 Schematic of a complex control system to PZT

actuator based on nonlinear model, According

to input and current position, the feedforward

value AP(x) or AQ(x) can be calculated with

the model.
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Tab.1 Dynamic properties of PZT actuator

with different control algorithms

Algorithms Bandwidth(Hz)

Open loop 13

General PID 180

PID with limit 190

Model reference+
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280

PID with limit

Charge control <80
5 % #®

AR SCE FE ST T B L IT RN A IR R
28 G R 0 B2 W TR, O ok K002 A R0 v A 0k
177 AR E N R A IR EA KT
2% . X F Preisach #5578 U, 3l 4 45 o B
AU R R D RS . (R BRI IR
2 JE B He HL T A 3R T AL Y S e L X OR LR R 2
b o RN DA IR R R T S H 5 i 2 G
Pl RS L T8 PID s 285 0 . 4 5% AT LA4R
B 30% LA b, JEH M LA LLE A T
PID 53k, HAR T 76 3 Fl py A5 70 b 4224 0 N %t 2
EO iz (0B s 2 BT R D Bl S a4 € | S O
8y He v e R DU i 25 SR L TR B 0 X
B % UK 2l ) — 2 S8l AR & R AT 0 R L nif
FHAEZ PR B R 454 62 76 iy A -1 R 4 pm
B 47 5828 53 Hz, A XS T 3538 PID #2214 , 4l 58 2
BT 32%.

[1] POPOV E P. The Theory of Nonlinear Automation Control System[ M]. Moscow:Karl B DA, 1988.

[2] ROSTISLAV V L, OLEG V O. Fast-acting piezoactuator and digital feedback loop for scanning tunneling micro-

scopes[ J 1. Rev. Sci. Instrum., 1993, 64(10):2883-2887.

[3] JUNG S. Improvement of scanning accuracy of PZT piezoeletric actuators by feed-forward model-reference control

[J]. Precision Engineering , 1994, 14:49-55.

[4] MOTOYA T. Ultra precision wafer positioning by six-axis micro-motion mechanism[J]. Int. J. Japan Soc. Prec.

Eng., 1992, 26(1):582-586.



1552 e KE TR 5515 %

[5] MAYERGOYZ I D. Mathematical Models of hysteresis[ M]. New York: Springer-Verlag, 1991.

(6] FR. @A 24,4, EEERITHRBEAENT LALLM Preisach BRI X HEBE S HMT]. A% Hx o,
2007,15(5) :706-712.
LI L, LIU XD, WANG W, etal.. Generalized nonlinear Preisach model for hysteresis nonlinearity of piezoceramic
actuator and its numerical implementation[J]. Opt. Precision Eng. , 2007,15(5):706-712. (in Chinese)

[7] HEWON J. Enhancement of AFM image by compensating the hysteresis and creep effect within PZT[J]. Optical

Engineering for Sensing and Nanotechnology . SPIE, 1999, 3740:327-330.

EERN HEEA971—) 5 Togi b p B R A B B OL 2 8 LS 4 BT S BT T o0 5 1 b A e 0, BT 5 Oy
I g YeHL AL R G /N R R Bl R . E-mail: jiahg@ciomp. ac. en

(BEREINBRAREMAFHENE

A LR AE 20 20 80 AR AT 8 A 8% 1N TS S 1 ik T s F 280 7 M 75 4R 0 1) — Fof ol B R
Bl ERBE TG0 B RGN B L RCBE B 0 R/ B R A A B e AR LA L e PR | R I
P R B A A5 5 A EAE LA N R SR R L I i B A0 2 A O B T 4 2 25 U A
Bz BRI

T [ 9% 3l L8 0 SE T 22 A S0 R0 2 e 52 [ B 2 g g k8K 958 A 20 42 G AT A 9 el 7 i AL 4
ARBTG5 2 B IF 1 22— A AT T ] A P R ML A 32 3 [ P SE A 52 B 1 5 4% [ R 4
TAEH R SETE I 2R3 2004 4R E R AR K — K",

P A B S R AT BA X+ 22 4F o A S 7 B HILEOR B TS b AT 17 G 25 A A 138 5 1Ol P L L
TR G R — 45 0K T 2007 48 9 3t Bl o B O AT . 1% BT B R R E FE BT Y
8T AR MR Sl A Sl BRE ) K L T AR 8 B O TR R ALY I Sl LB B H R 1 Y L S5 A 24
PEACTBETT R B) 55 P2 i HA L SZE AR T A LA AR e B N7k L DL SR B A SR S A T AR
IS 7 TG P AR R AR R R i 2 5

Bz 16 5. A e BUR TR A LAY R s LT AR M ABLER T A A5 2 A R BLIY s
ShHLEL, BT L 2 AR B L SRS AR B A LR A LR AR AR R s A5 R BERUA T RE B
AT AL IR SR P v AL 14 B 8 0 0 e P RO S5 AR L D TR 2 T P AL BIL AR S 1 1
B BIE LA

ZA TR B R X — B R A 43 40 ) R IE AR A S 0K 2N S A LA I N B R L A
%5 DA P L BIL A S g R BIE L BT AN Y R R N 51 1 S B RORS 5 LA RS 5 B Sl 55 AR OC
LT A LA HOE T . FRATT L A B 1 A S RCH e 2 T AR R L BOR B R S T L oA
15 P H LB A 9 A R A AU 1 TR

B 1. GRS AL B AR 5 0 ) 2. BRI
it . 588 T BER N Bt s (BEAT S 48
e ML - 20K THD A < ML 35:010-6403 3891
w12 1w CEOrA) E-mail : gk@mail. sciencep. com
FEH:98.00 G My Bk AERUR B AL 16 5

HE 4100717



