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Tab.1 Parameters of the beam and MFC actuator
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Fig.3 Hysteresis loops of the MFC actuators
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Tab.2 Parameters of the Play operators and their
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Tab.4 Parameters of the slope vector and intercept

vector
7 K B
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5 8.078X10°° 0.201
6 1.955X107° 0.136
7 —5.799x10°° 0.132
8 2.414X10°° 0.002
9 1.874X10 " —6.859X10 "
10 2.551x10°" —9.331x10°"
11 2.797X10°° —0.001
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Tab.5 Comparison of modeling errors among the PI,

lar wave excitations
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PI 139.9 64.8 19.05

1.0 BBPI 28.4 11.2 4.02
RDBBPI 23.0 7.0 3.26

PI 133.2 54.8 21.07

5.0 BBPI 68.8 33.5 11.64
RDBBPI 26.0 9.3 4.25

PI 140.0 59.8 23.29

10.0 BBPI 114.2 60.6 18.31
RDBBPI 27.5 14.2 4.94

FE 0.1 F1 1 Hz B A5 5 T 09 100000 4yt 5 22 1 45 40 PR
B A REAR — (W 7(a, b)), AR AN
2.37% F14.02% ,{H & BBPIA I % T 725 4, 3 2 45 e
149 45 K4 e 1 AN RE AR B 38 3T, AT A7 7E B 8 R i8S A 15
2 (WK 7(c,d)), 765110 Hz B 5 5 F A 8%
P30 11.64% F118.31% s @51 A KA 5 Play &
F 1 RDBBPT I i A5 A0 X6 AN 5] 41 2% 38 il 15 5 F 14
M 5 F IR st e o 38 SR T A oA v G M T L 4 4
S8 RDBBPI A A AL R 22 ¥ AN i 5% . Ik,
JIT i 1 1) RDBBPT IR i #5284 B % £ 18 MFC 2 3h %
1149 238 R DG RO M i 5 3R i A

4 HIRAMEIEHISLIE

Sk K 56 i RDBBI AR s A5 AU /i 5 5 il 7 v5 19
B EE IR T R TE MFC B ah #8841 T 1)
SV AL R B A o S S AR AR T Y AR
AV 2, TH A A B Fi A4 1 L AR S R A
F it i ) MEFC 38l 8% 1, 3K 2 22 M 25 44 7= A= 4
L1 4 B 6 B8, = A RN B AR 5 S PR L
T S 038 g 2 % b 4 ) An B 8 R 9 BTk . 3 A
AR 2 T BT IR R IR 22 R 6 iR . A8
FE 9 n] L. DAR%E T PI A BBPT IR #f #5480 | Jt T
RDBBPI I fiff A5 781 f i 45 45 ) 52 B 1 % MFC 23h

0.50F

0.25

oF

%% / mm

-0.25[

\/ !

-0.50 V. bl
0 01 02 03 04 05

/
fiﬂ.i#‘uﬁ'ihizt—rkl)tB];Pl ~BBPI ~PI
E8 =AU il BEAR B 5 S R B X L A

Fig.8 Comparisons between the desired and experimental

trajectories subjected to a triangular wave excitation

150

0 01 ﬂoizt/;oiz 04 05
—RDBBPI ~BBPI ~PI
B9 = A IR T BAE B3 5 920 B3 e 22 X LE 1
Fig.9 Comparison of tracking errors between the desired and
measured trajectories subjected to a triangular wave

excitation



55 3 4 Moo WL IR T 2k Sl e A R OC M B OS H R R A 237

F6 3IMANRAMERTHHPILBRERIRZE
Tab.6 Trajectory tracking errors with the three feed-

forward compensators

A YRR /pm CEEIERIE/um IR R ZE/

PI 142.7 61.8 14.27
BBPI 105.9 44.2 10.59
RDBBPI 40.2 14.9 4.02
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Fig.10 Comparisons between the experiment and desired
trajectories subject to a triangular wave with random

frequencies
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Fig.11 Linearity error between the desired and actual trajec-

tories
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Tab.7 Compensation results based on the RDBBPI

model
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