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Identification of lonic Polymer Metal Composite Actuator Using State-
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ARTICLE INFORMATION ABSTRACT
Original Research Paper lonic polymer metal composite (IPMC) actuator is a group of electro-active polymers (EAPs) which
Received 29 November 2015 bend in response to a relatively low electrical voltage because of the motion of cations in the polymer

Accepted 25 December 2015

© - network. IPMC has a wide range of applications in robotics, biomedical devices and artificial muscles.
Available Online 16 January 2016

The modeling of the IPMC actuator is a multi-physics task as it involves the electricity, chemistry,
dynamics and control fields. Due to its complexity and nonlinearity, IPMC modeling is difficult in

:f)em gg‘f;ﬁer metal composite(IPMC) terms of mathematics and its behavior is still not fully agreed upon by researchers. This paper presents a
Electro-active polymer (EAP) novel discrete-time model with state-dependent parameters (SDP) for identification of the nonlinear
Identification response of an IPMC actuator. A single-input single-output nonlinear identification algorithm is
State-dependent parameter(SDP) formulated and demonstrated for an IPMC actuator that exhibits both soft and hard nonlinearities. The

nonlinear characteristics of the identified system are represented with coefficients which are a function
of the input and output states. Following the SDP algorithm, the model is identified from input-output
data to represent the model parameters as functions of past inputs and outputs. The proposed modeling
approach is validated using an existing model and shows exact representation of the non-linear behavior
of the IPMC actuator.
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Table 1 Young’s criterion for choosing an appropriate model
for system identification

R den num 1) YIC
1 3 3 2 -9.786
2 3 3 1 -6.515
3 3 2 2 -14.149
4 3 1 1 -14.126
5 3 2 1 -7.273
6 3 3 3 -9.656
7 3 1 2 -11.875
8 3 2 3 -11.689
9 2 3 2 -5.510
10 2 3 3 -6.989
11 2 3 1 -1.353
12 2 2 2 -71.524
13 2 2 3 -2.745
14 2 1 3 -11.782
15 3 1 3 -8.761
16 2 2 1 -8.348
17 3 3 4 -8.646
18 2 1 2 -10.706
19 2 3 4 -5.536
20 2 2 4 -8.020
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Fig. 8 Identification the system response by the SDP method
respect to a Square input signal
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