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Improved IPMCs and It’s Application for Flapping Actuator
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ABSTRACT

The two major obstacles in the application of IPMC to flapping actuators operated in the air are solvent loss and actuation force.
In this paper, solvent loss of various IPMCs made of Nafion™117(183um thickness) has been experimentally investigated to find
out the best combination of cation and solvent for minimal solvent loss in IPMCs and higher actuation force. For this purpose,
experiments for the internal solvent loss measurement of IMPCs have been conducted for various combinations of cation and
solvent. From the experiments, it was found that heavy water showed improvement in the operating time up to more than two
minutes. In the tip force measurement of IPMCs, it was found that smaller and thicker [PMCs produced larger tip forces. However,
the shorter IPMCs generated reduced actuation displacements and created flapping motion with decreased natural frequency. For
the design of flapping device actuated by Smm wide, 10mm long, 0.2mm thick IPMCs were used in the stacked form. Since the
actuation force is a few gram-force, we stacked five IPMCs to improve actuation force. To amply the actuation force, rack-and-
pinion type hinge was used for the flapping device and insect (Cicadidae) wing was attached to the stacked IPMC actuator. In the
flapping test, the device could generate flapping angle of 15° at 6Hz excitation by 2.5 voltage square wave input.
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Table 1. Solvent uptake at 25 C(wt%)

Ion form DI Water D20 DMSO
H 24.50 24.70 108.20
Li’ 26.50 26.60 110.30
Cu™ 26.10 26.30 109.50
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Fig. 3 Solvent loss vs. Time curves for Li* Form IPMC
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Fig. 4 Tip force vs. Input Voltage Curves for Effective
Bending Length
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