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Abstract : The purpose of this paper is to improve the hysteresis characteristics of a stack type piezoelectric
actuator using system identification and tracking control. Recently, several printing methods that are cost less
and faster than previous semiconductor processes have been developed for the production of electric paper and
RFID{Radio Frequency IDentification). The system proposed in thig study prints by spraying the molten metal
And this system consist of a nozzle, heating fumace, operating actuator and an XYZ 3-axis stage. As an
operating system, the piezoelectric(PZT) actuator is a very useful tool for position control of the metal printing
system. However, the PZT actuator has a hysteresis nonlinearity due to the ferroelectric characteristics of the
PZT element. This hysteresis causes problem position control characteristics in the system and deteriorates the
performance of the system. In this study, an investigation was conducted to improve the hysteresis
characteristics of the PZT actuator that has an output displacement for the input voltage. In order to reduce the
hysteresis nonlinearity of the PZT actuator, this proposed a inverse hysteresis model and a mathematic
modeling method that can express the geometric relationship between voltage and displacement. In addition,
system identification and PID control methods were examined. Also, it was confirmed that the proposed control

strategy gives good tracking performance.
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Fig. 1 Metal jet system with a stack type PZT
actuator

Fig. 2 Schematic diagram of experimental apparatus
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a) Schematic control block-diagram with inverse
hysteresis compensator and FID controller

b) Block-diagram using sirmilink of matlab
Fig. 3 Block-diagram for PZT actuator position control
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Fig. 4 Step responses of the PZT actuator

A7)M, A(1)e] W=e ( @, = 493.651098 )
£=10.04098950568

old, 4(2)9 oj#fig} 2t

o =314.8852, ¢, = 345465 4532, a, = 69678191 .5174,

a4 = 83693105884, o, = ~579793475531

b =1422.9483, b, = ~1215701.6722, b; = 245192894.4904,

b, = -172317153171.267, b, = 1106566335141.74

S
TR

23 AB| AHRIAA 2H2
71&e) Askst W99 78k w8S SAkEg
B 2EEAl2 Bl 79N F2HEA 2 BA
g AdE7 ke, dladlAgt 2 E 99
g2 9oz 1 4AAYL T £ JEvE A8 2
A2 d@) gL o) 43l FAEHHAAEAL
A = ek Fig. 5 GRAZAIT Aol 32

- 164 -



&y

Mo

£ 0 ~ W0V A3 27123 F B4 10 ~
OVIZAA AAs] ZaAlATE 28 § oA S
7l 3v] 2 gVIEZHA 2w
(Turning point)& Z}AE Bl&Hg AL F44
i gtk o] T4 2¥L FElA D
%2 F2He) A2t 147[%)2 49E 22
on, AfFAAEY d2dH A2 TS
AAIAN7] A= HellA Z2gk g5l EH glA =
47 7IHez2 4349 2ds FAEEe] AlejF7)
o B4 Zart les & 7 AUtk 49 A
A% F95 major loopehdhil, GHFE x4dS
minor loop® ) minor loopd] =d2 A3 )
el A AdsHole g st el E Yo 22
ka0 2 H7¥Linearization)® 5 glew, I gk
H ', H 14,02 Uepd 5 vk 5
2 AHEEFY major loopd 7FA%tI WHH AL
BAZS FgAoE T, minor loopd =4
B2 major loopTA o] HEAAS Jse =
o FolF AZ TAE HEAA I 2H A
zdg 9e £ gtk ”“(3) (4= 982l A
vd-g o] &g A@SE Yehie, 2(5),6)2
to 2 g m o EZ,’%:% Yol

2

o w2
4 T

oo

I

o ¥ ¥ 24 e o Jx dp

-1
VJ_{DZVQ‘FH up(e—ea) (3)
Va‘own = Vb - Vmax +H—1d0w”(emax 8 + e) (4)
H_lup = 7 1

—0.0113 5°+1.0692 5+ 0.2203 )
a 1
H down — B 7
0.0018s° +0.0107s* +0.72895— 0.5033  (6)
10
g
= .
2
2
a
i 1 2 3 4 a
Displacerment[un]
Fig. 5 Hysteresis nonlinearity of the PZT actuator
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Fig. 7 Hysteresis characteristics of PZT actuator
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