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PWM Drive of IPMC Actuators with the Consideration of the Capacitance

*Naoya YAMAGUCHI, Kentaro TAKAGI(Nagoya Univ.), Kinji ASAKA(AIST)

Abstract— In this paper, we consider to drive an IPMC actuator using a PWM amplifier, in order to shed
light on the characteristics of PWM driving of IPMCs. Generally, it is said that an efficiency of a PWM
amplifier is higher than that of a linear amplifier. However, the impedance of IPMC in the high frequency
voltage is small, a large current flows in IPMC, and it is supposed to become the power consumption large.
We solve this problem by putting an appropriate filter circuit between a PWM amplifier and IPMC. We
show that the filter circuit solves the problem of voltage and current in PWM driving. The simulation and
the experiment results demonstrate the effectiveness of the proposed method.
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Fig.1 PWM drive circuit for IPMC
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Table 1 Parameters of equivalent circuit of IPMC
and inductor
RupmelQ] | CopmelmF] [ R | L ]
20.71 1.90 2.6 10.1
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Fig.4 v, (left) and 4, (right) without filter circuit
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Fig.5 v, (left) and i, (right) with filter circuit
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Fig.6 Experimental setup
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Table 2 Measurement result of the impedance of
IPMC by LCR indicator
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P = Ripme - 120 00 (without filter circuit) (5)
p = (Ripme + Rr) -i20 (with filter circuit) (6)
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Fig.7 v, (left) and 4, (right) without filter circuit

1 0.04

0.03;

0.25 05 %s 025

-1
-05 -0.25 0.25 05

0 0
[s] [s1

Fig.8 v, (left) and i, (right) with filter circuit
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Fig.9 power consumption without and with filter circuit
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