MR EDIRE -

EEKEEICE DK HNRATIHROEMET) VT

Macroscopic Displacement Model of Twisted and Coiled Polymer Actuator based on the
Temperature and Velocity Dependence of Convective Heat Transfer
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A novel displacement model of the twisted and coiled polymer actuator (TCPA) is proposed. In
order to explicitly deal with the effect of the convective heat transfer on the displacement behavior,
we focus on the temperature and velocity dependence of the convective heat transfer and regard the
convective heat transfer as one of the dissipation function. Through some experiments for three TCPAs,
it is verified that the proposed model is more plausible than the conventional linear model.
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Fig.1 Real relationship between the representative tempera-
ture ( the maximum temperature ) and the displace-
ment of a TCPA ( Matsuura ) in three trials which the
step voltage is input. The solid and dot line are the case
without and with the fan when cooling, respectively.
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Fig.2 Fabrication machine of TCPA.
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Fig.3 Overview of the experimental environment.
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Table 1 Parameters of the step input
TCPA VEIVT [ taep | b
1| 2 3 [s] [s]
Mitsufuji | 20 | 40 | 60 70 150
Shieldex | 40 | 80 | 120 70 150
Matsuura | 40 | 80 | 120 | 130 | 250
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Table 2 Identified parameters of the displacement model (w. : with, wo. : without)
Temperature | Quadratic % % ‘”TSC %%‘SC O‘%SC f1 f2 | Fitness
TCPA Model dependent Term of
damper Temperature | x102  x102 x10~1 x10~4 x10~2
(/5] (/%) [m/G6>K)] [m/G>K)] [1/(K=)] | 2 [Ha | (%]
Yip&Niemeyer wo. wo 5.067 1.028 0.376 0.032 80.62 94.46
Mitsufuji TDD w. Wwo. 5.194 3.249 0.986 -0.750 0.104 88.65 98.86
QT wo. w. 5.577 3.645 1.081 3.452 0.100 82.56 99.02
Proposed w. w. 5.287 2.015 0.534 8.014 1.411 0.060 84.08 98.82
Yip&Niemeyer wo. wo. 5.433 0.752 0.192 0.022 86.45 91.51
Shieldex TDD w. Wwo. 6.162 5.157 0.965 -1.828 0.100 98.15 99.39
QT wo. w. 6.173 3.891 0.685 4.182 0.133 97.94 99.38
Proposed w. w. 5.634 3.242 0.640 -2.248 -1.845 0.092 89.58 99.05
Yip&Niemeyer wo. Wwo. 5.696 0.050 0.019 0.001 90.65 8.34
Matsuura TDD w. Wo. 5.649 4.742 1.350 -1.964 0.134 89.78 99.84
QT wo. w. 5.643 2.965 0.772 6.161 0.084 89.73 99.78
Proposed w. w. 5.853 8.788 2.466 2.876 -3.075 0.240 92.91 99.92
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Fig.4 Estimation errors. (Error bar means the standard deviation.)
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Fig.5 The estimation results in the case of the step input.
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Fig.6 The estimation results in the case of the sinusoidal-like input.



