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Fig.2 Schematic diagram of the experimental system
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Tab.1 Parameters of the beam and MFC actuator

BB 1100 4fi
K RE XFE B X 5B 96 mm X 20 mm < 0.2 mm
AR MFC)ZH
MFC %= MFC M2814-P1
MFC s K E X Se ) X EE 28 mm X 14 mm X 0.3 mm
MFC R KB X S8 X JBE 38 mm X 20 mm < 0.6 mm

MFC 3% 3 &% 19 T /E s & 45 B i —500-
+1500 V., He it o B2 b v B R W i (E 43 B
g 4200, 300 & 400 V, # %K 0.1 Hz 9 = £ %
9K 2 H A 5t n 30 Besh 2% 1, A5 3 28 M 4 i oK
Vit B Sl 51 B8 5 9K 2l oL 22 8] 1 06 R AN 1R 4 TR . S
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) 7 W, r,’ w,.,'
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4 200 0 150.6 0
5 266.7 0.176 214.3 —0.163
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Tab.3 Parameters of the double-sides dead zone opera-
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i S; Wy; S; Wy;
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3 —171.2 —8.515 —0.78 49.8
4 0 0.005 0 218.1
5 68.8 0.004 0.32 —99.4
6 143.8 —0.004 0.95 129.3
7 300.3 —7.714 1.58 53.7
=Pl
....... BAIPI
mode
g --=PI error
£ --B
- 4 error
é S W
3
K]
& R
° V7
: /4
7I 8"" 1 1
15 20 25 30
tls
FI6 S = R PIELR BATPTA AL 55 520038 i iih 28 5
L &

Fig. 6 Comparisons among the PI model, BAIPI model and
experimental data subjected to a triangular wave exci-

tation
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displacement subjected to a triangular wave excitation
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displacement subjected to a sinusoid wave excitation
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Tab.4 Compensated performance of the BAIPI-based

method
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Modeling and feedforward comprehension control on the bipolar
asymmetric hysteresis of marco fiber composite (MFC) actuators

XU Jin—qiul, LOU Jun-qiang"z, YANG Yi-ling'?, CHEN Te-huan', MA Jian-qiang', CcUI Yu-gu()'
(1.College of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China; 2.State Key Laboratory of In-
dustrial Control Technology, Zhejiang University, Hangzhou 310027, China)

Abstract: Macro fiber composite (MFC) affords notable advantages of good flexibility, high deform ability and large actuation abil-
ity, and has been widely used in the precision engineering and active deformation control, etc. However, the actuation and position-
ing accuracies of the MFC actuators are reduced due to their asymmetric hysteresis nonlinearity. A Bipolar Asymmetric Improved
PI (BAIPI) hysteresis model is proposed to describe the hysteresis nonlinearity of MFC actuators. The BAIPI model is composed
of two parts: the weighted superposition of the play hysteresis operators based on the classical PI hysteresis model is introduced to
deal with the symmetric hysteresis nonlinearity. And the asymmetric bipolar phenomenon is described by the linear superposition of
many double-sides dead-zone operators with different threshold and weight values. Experimental identification results show that the
hysteresis modeling error of the MFC-actuated cantilever system reduces to 4.2% using the proposed BAIPI model, while that of
the PI model is 16.8% . With the feedforward compensation method based on the inverse BAIPI model, the measured tracking tra-
jectories of the triangular wave with consistent and random amplitudes are in good agreement with the desired trajectories, and the
linearity between the desired and compensated trajectories achieves 2.36%. As a result, the effectiveness and feasibility of the pro-

posed BAIPT hysteresis model and feedforward compensation method is demonstrated.

Key words: hysteresis; marco fiber composites (MFC) ; bipolar asymmetric improved PI model; double-sides dead zone operator;

feedforward compensation
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