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ABSTRACT

Z+%7]), Multiple electrode (B}% A=), Selective

The ionic polymer-metal composite actuators with selectively grown multiple electrodes were developed to mimic the
swimming locomotion of a fish. The developed method is based on combining electroplating with the electroless chemical
reduction using the patterned mask. The advantages of this fabrication method are that the initial compositing between the
polymer and platinum particles can be assured by the chemical reduction method, and the thickness of each electrode can be
controlled easily and rapidly by electroplating. By using the fabricated actuator with a multiple degree of freedom, the
oscillatory wave of the flexible membrane actuator was generated and a twisting motion was also realized to verify the
possibility of mimicking the fish-like locomotion. The frequency response function was analyzed to investigate the natural
frequency and the damping factor by a mechanical shaker and direct electrical excitation through the swept-sine method.
Present results show that this novel method can be a promising technique to easily pattern each of multiple electrodes and to

implement the biomimetic motion of the polymer actuators with good mechanical bending performance.
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294 Fig. 1 A pattern design of multiple electrodes of IPMC actuator
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Table 1 Operating conditions of electroplating

Electroplating Operating Conditions

2.5% Hexachloroplatinic acid
plating solution
[H,PtClg, 20g/L]

Plating bath

Temperature, °C 30

Agitation Mechanical stirring system

General current ,
density range 0.1~1A/dm* [6]

Titanium expanded mesh plate

Anode electrode coated by Platinum

Proper current

density 0.58A/dm? [4]
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Fig. 3 Half-power points curves by the Half-power method
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Table 2 Natural frequency and damping factor for the patterned

IPMC
. After electroplating
Only electroless plating (Thickness of the patch
(Thickness of the patch
1 203208 1 Mazx. 239~2414m
ST un) artially plated
Watural Matural
Damping Damping
frequency frequency
factor factor
Hz (Hz)
Electrical | b\ ted 960 0.4074 10.76
excitation
Shaker Dry 2144 0.0857 27.09
exCitation | Tlydrated 913 0.1456 11.16 0.1103
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Fig. 4 Frequency response curves under hydrated condition
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Fig. 5 The integrated experimental setup for measurement of
transverse displacement and total movement shape of patterned
IPMC
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Fig. 6 Tip displacement of the patterned IPMC under constant
step excitation 1.5V
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Fig. 7 Twisting angles history according to different maximum
voltages with harmonic excitation, A*sin(2z*0.1*t)
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Fig. 9 Pure bending motion generation using patterned IPMC
actuator under harmonic excitation of 3*sin(2z*0.1*t)
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Fig. 10 Comparison of tip transverse displacement under
driving voltage of 1.5*sin(2z*0.1*t)
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