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Abstract

Ionic polymer metal composites (IPMC) are composite materials, which
consist of ionic polymer plated with noble metal electrodes. This actuator
is also called as ionic conductive polymer film (ICPF) and is called an
IPMC in this paper.

It bends toward cathodes by applying low voltage between the elec-
trodes on both sides. The IPMC has features such as softness, compact-
ness, working in water, no operation sound, quick response and long-life
compared with electric motors. It can work in the air by covering with
water. But this paper aims applications in water of the artificial muscle,
on which few researches have been done so far.

On the other hand, it generally is well known that propulsion motions
of creatures are very efficient. A snake-like motion is one of the creature
motions. It sweeps a smaller area than a simple bending motion and can
switch a swimming direction quickly. The other methods cannot switch a
swimming direction rapidly. The goal is to realize a snake-like robot by
using the IPMC, which swims forward and backward with the snake-like
bending motion and also turns left and right.

One IPMC has a single degree of freedom, and its form depends uniquely
on a value of input. To realize a snake-like bending motion, we cut the
surface of the IPMC by laser or chisel and made insulated patterns on it.
By applying different voltage to each segment, we can control each motion
individually.

In the first experiment, we segmented the surface of the IPMC into
three components. We investigated how to control the IPMC for realizing
a snake-like motion. As a result, we found the optimal control condition:
an iput waveform was sinusoidal, a phase delay 6 between neighboring

segments was 60[deg.]. The maximum forward speed of it was 1.1[mm/s]



when frequency f = 8[Hz] and 6 = 90[deg.]. Also the maximum backward
speed of it was -1.85[mm/s] when frequency f = 8[Hz| and § = —60[deg.].
We can control a swimming direction of the robot. There are different
values of the optimal 6 between two conditions. We consider that the
IPMC is not stable to realize ideal reactions.

Next, we segmented into seven components in order to improve a propul-
sion speed and to realize left and right turns. As a result, we obtained the
improved maximum propulsion speed of 3.7[mm/s]. We consider that the
seven segmented IPMC can generate progressive wave with longer wave
length than the three segmented one. In order to make the IPMC turn
left and right, we change a duration ratio (%) between the monotonously
increasing part 7} and decreasing part 75 of the input voltage supplyied to
each segment. By applying this input wave with f = 2[Hz] and a phase shift
0 = 60[deg.], the IPMC turned left and right. As a result, we succeeded
in realizing right/left turn: for right turn, the maximum angular speed of
1.9[deg./s] when the time ratio % = 0.053 and for left turn, 1.45]deg./s]
when % = 4. Considering that there is a much difference between the
optimal ratio of right turn and the inverse of that for left turn, it is pos-
sibly expected that a better ratio lies between these. Thus, we realized a
swimming robot which can swim forward and backward and can also turn
left and right.

Finally, we modeled a relation between a bending displacement and a

propulsion force. Using the model, we investigated how much forces are

generated in forward /backward motion and right/left turn.





