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ABSTRACT

This paper proposes the modeling scheme of the Miniature Universal Testing Machine (MUTM)
composed of 36 thin-beam-type bimorph PZTs and the control algorithm to minimize the residual
vibration of the MUTM in the dynamic festing of specimens. In the operation of the MUTM,
hysteresis, residual displacement and vibration of it are major issues. From the analysis of the MUTM

behaviors, the hysteresis is described by the curving fitting scheme with the function of an input

voltage. The dynamic characteristics of the MUTM are identified by the frequency domain modeling
technique based on the experimental data. The interested bandwidth is focused on 125-315HZ for
effective modeling and control. For the robust vibration control of the MUTM, the sliding mode
control and the Kalman filter as observer are proposed. The paper also proposes the best input signal

type to operate the MUTM effectively. The feasibility of the proposed modeling scheme and control

algorithm are tested and verified experimentally.
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Table 1 Uncontrolled and controlled characteristics

Uncontrolled Controlled
Force Max overshoot: 13 1
(g Settling time: 05 0.1
Displacement Max overshoot: 3.8 0.2
{(pm) Settling time: 0.5 0.1

Table 2 Input signal types vs. residual vibration

Number Signal type Residual vibration
(1) JAVAN Little
(2) JAYAN Little
(3) JUL Violence
(4) 1 Violence
(5) JAAY Little
(6) TAYAY Little
(7) AN Little
oSS =28/4 159 A 335, 200551/ 295



NE(12567% SLHGA2 RDPS 5 5120
DAz BRE olgEA AR TES T 4+ 9
L ¥t 92 @ 4 gt

5.8 B
Bl 228 PZTE Z¥stel WE AFAEAYY)
o A9E 92 4 U3 AR 944 Ao b

Rtk FE A THsHe 32w
P2 9 AR WA/Pe mAP 93
[e]

¢

X

AHE A% 2 MREE efolgd EE Ao
2 FEE S Aol

N
=~

>,
¥
-
I
Y
ol
oxl
)
o
w
s
L
i
(Kl
oft
)
N
>_]
lo
e ™ (o d

i
o
bl
%)
=)
=
1o
)
N
=
2
offt ¢
N
X
2
i
ol
ol
X,
e
2
oft 2

A2 g9 AR Qs Ao Tk ok7he)
of EAYEE ¢ & Utk wtAM ¥4 =
g Fo] AAAHOR 428 AMEAF7 AL =
d ol 48 S AT

QL
2 r
)
b
N,
oft ©
>,
b
H,
)
oo ooft WU ook (i to T

7|

fo

o] ¥ 20039k FFFHUsta SFedTH|
Aol o3 FHHAAFU

(1) 224, A4, A5, ZAF, 2003, "Y=
EHE o]&d AAAAY AL FAGENI =T
L3, F=4YF3, pp. 209~200.

(2) Craig A. Rogers, 1988, “Smart Materials,

Structures, and Mathematical Issues,” Technomic
Publishing Co., Inc, pp. 147~155.

(3) Kaizuka, H., and Byron, S., May 1988, “A
Simple Way to Reduce Hysteresis and Creep
Japanese

Vol.27, No.5, pp.

When Using Piezoelectric Actuators,”
Journal of Applied Physics,
L773~L776.

(4) Goldfarb, M. and Celanvovic, N., Sep. 1997,
“A Lumped Parameter Electromechanical Model
for Describing the Nonlinear Behavior of
Piezoelectric Actuators,” Transactions of the ASME
Vol. 119, pp. 478~485.

(5) Ping Ge and Musa Jouaneh, July 1995,
“Modeling Hysteresis in Piezoceramic Actuators,”
Precision Engineering, Vol. 17 No. 3, July 1995, pp.
211~221.

(6) J. Tzen, S. Jeng, W. Chieng, 2002, “Modeling
of Piezoelectric Actuator for Compensation and
Contoller Design,” Precision Engineering, 5310, pp.
1~17.

(7) David Young, K. and Utkinand, Vadim L,
Umit Ozg, May 1999, Control Systems Technology,
IEEE Transactions on, Volume: 7, Issue: 3, pp.
928~942.

(8) B3, AP, A, 2003, "HlAFYAES
FEG ALY By g A" d=ad
2583, FAGEU3] =T, pp. 630~637.

(9) Juang, J. N, 1994,
Identification, Prentice Hall.

(10) Edward, C. and Spurgeon, S. K. 1998,
Sliding mode control,
Taylor and Francis Ltd, pp. 1~18.

Applied System

Theory and applications,

296 /8= 4203 =2 E /A 154 A 35, 20059




