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Electro-active polymers (EAP) are composite materials where changes in material properties can be induced by electric field and vice versa. We are considering sheet-like composite materials where low electric potential causes transverse dislocation of ions in the sheet, forcing an actuator made of this material to bend; external mechanical deformation can cause generation of electric potential. Ionic bending EAP-s possesses unique properties – they are soft, simple in construction, quiet in operation and easy to make smaller in size. They offer great interest for various fields including developing actuators for medical, space, military and MEMS applications, self-sensing actuators and energy harvesting devices.
Two different types of bending EAP-s are handled in this work. One of the most classical structure is called Ionic Polymer-Metal Composite (IPMC), which consist of thin ionomeric polymer membrane (typically Nafion®), which is covered with inert metal electrodes from both sides. Ionomeric membrane also contains suitable counter-ions and solvent. A comprehensive review of IPMC operating principles can be found in [Shahinpoor 2001] and sensorial properties of IPMCs are reviewed in [Pugal 2010]. In recent years, there has been much development in Polymer-Carbon Composite (PCC) materials. PCC sheet is built using two layers of electrodes containing nanoporous carbon separated by thin ion-permeable polymer film; ionic liquid is used as electrolyte [Torop 2010].
Electrochemical Impedance Spectroscopy (EIS) offers vast oportunities for investigation of fundamental processes inside IPMC and PCC actuators and sensors. EIS  data can be used to determine energy storage (capacitive behaviour) and dissipation (resistor) properties simultaneously on the same scale and to describe electrical properties of these composite materials by developing complex equivalent circuit models [Bar-Cohen 2002 / Kruusamäe 2009 / Nakamura 2009 / ?]. An IPMC strip can be modelled as a distributed lossy RC line [Punning 2009].
So far, EIS method has been applied for different aspects for these materials. Chen and Tan have shown that IPMC impedance correlates to changes in electrode resistance during actuation [Chen, Tan 2008]. EIS is suggested for determination of the state of the IPMC actuator [Kruusamäe 2009]. It has been shown that impedance of IPMCs strongly relates to hydration level [Leary 1999]. Although, the fundamental processes of actuation of PCCs and IPMCs is still subject for further investigation. 
In this work, equivalent schematic of IPMC actuators is specified by using cross-electrode EIS spectra. Surface resistance effect is minimized and neglected in the experiments. Special attention is paid for effects caused by material degradation after standing unused for a long time or after a large number of working cycles. Impedance of ionomer is measured both between opposing electrodes and between different parts of patterned [Kruusamäe 2010] electrodes. Being able to identify the changes occurring in the material during aging processes can help to characterize the material and to specify their working mechanism.
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