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Vibration Characteristics of Patterned IPMC Actuator
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ABSTRACT

The ionic-polymer-metal-composite actuators have the best merit for bio-mimetic locomotion because of their large
bending performance. Especially, they have the advantage for mimicking a fish-like motion because IPMCs are useful to be
actuated in water. So we have developed IPMC actuators with multiple electrodes for realization of biomimetic motion. This
actuator is fabricated by combining electroless plating and electroplating techniques capable of patterning precisely and
controlling a thickness of Pt electrode layer. The FRF analysis was conducted by a mechanical shaker and direct electrical
excitation which is based on sweep sine wave function. From this result, the proper young’s modulus of Platinum was
investigated and applied on expecting the vibration characteristics of patterned IPMC actuator. The calculated maximum
displacement of the patterned IPMC was 2.32mm under an applied 4mN/mm. The natural frequency was increased however
displacement was decreased in according to increase a thickness of Pt.
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Figure 1. Ionexle polymer membrane and layer-up of IPMC
() Chemical structure of Nafion, and (b) Cross-sectional view of IPMC.
(® : Surface Electrode () : Polymer-Metal Composite (©) : Membrane):
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Figure 2. A schematic illustration of an actuation principle.
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Figure 3. An improved pattem design of multiple electrodes of IPMC actuator.
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Figure 4. Microstructure of surface electrode layer
(@) Top-view of IPMC, and (b) Cross-sectional view of IPMC.
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Table 1. Basic properties of IPMC.

Young’s . . .
: Poisson’s | Density | Thickness
Material modulus .
(Gpa) ratio (kg/m3) (um)
Nafion
0.05 2078 203
(hydrated | /55, 0.487 /1980 /183
[dry)
Platinum 146.8 0.38 21450 3
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Table 2. Experimental and simulated naftural frequency.

Thickness Natural Frequency
(um) (Hz) Relative
Condition shaker/ Error
IPMC | Nafion |FEM | Electrical | (%)
excitation
30.45 -12.4
Dry 187 181 | 27.07 1314 /15.9
19.26 22.6
Hydrated | 208 202 24.9 121.2 14.8
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Table 3. Normal mode and Linear Analysis of patterned

IPMC actuator.
Thickness Normal mode Linear
Condition of Pt Analysis _AnaIyS|s
at patch 2,3 15 Freq. |29 Freq. |PisPlacement
(pm) G- o (mm)
3 6.429 32.398 2.32
Hydrated 6 8.072 40.396 1.22
9 9.106 45.173 0.816
3 9.510 47.61 1.20
Dry 6 11.075 | 55.574 0.71
9 12.104 | 60.734 0.50
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Figure 6. Mode shape of Pattemed IPMC Actautor

() 1% mode shape, 2 mode shape.
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