Dear Editor,

Please find our comments to the reviewers below,
Sincerely your’s

Andres Punning
List of changes:

The first and last paragraph are unchanged, the remaining of the article is completely rewritten.
Rebuttals:

Reviewer #1: 

This is a paper dealing with a model of an IPMC (Ionomeric polymer metal composite) based upon a distributed RC transmission line. They modeled the changing curvature with experimental work.  Overall, the paper of worth to be published in S&A.

Reviewer #2: 

The paper proposed an electromechanical model of an IPMC actuator.  While the authors are to be commended for the fabrication and actuation of the IPMC, the proposed model does not go any further than the work of Kanno in the mid-1990s.  Furthermore, it is not as extensive as the more recent work of Newbury and Leo on the development of a coupled model.  For these reasons it is not of the quality required for an archival journal article.  The authors should also note that the issues associated with voltage drop along the electrode can be overcome through proper surface treatment of the IPMC electrode.  This problem arises when the electrode does not exhibit sufficiently high surface conductivity.  The work by Akle, et al addresses this problem and provides solutions.

The main difference between our and the previous models is the difference between a lumped, non-scalable empirical model and a distributed, scalable and analytical model.
The mentioned works of Kanno and Newbury-Leo as well as some other models described in scientific articles describe the relation between the tip displacement of a cantilever IPMC actuator and the input electrical parameters - voltage, electric current, impedance, etc. Our model gives the relation between the input voltage and the flexure of the IPMC at each point along the length. The parameters of our model are the measurable parameters of the IPMC material - the conductivity of the electrodes, the pseudocapacitance of the double-layer forming at the boundary of the electrodes, the electric current caused by electrolysis etc. It is important, that one particular parameter of our model is the length of the IPMC actuator. For example, our model describes the different flexion of the IPMC actuators made of the same material, but having different dimensions and is therefore scalable.
The model is universal and works also in the case of high conductivity of the electrodes.

About the conductivity of the electrodes and the voltage drop along the electrodes:
According to Ohm’s law the voltage drop along the electrode cannot increase only if the resistance of the electrode is zero. This practically does not happen. Therefore the conductivity of the electrodes cannot be neglected.

We measured the resistance of leafs of pure gold with the thickness of 0.1..0.5μm. The range of its resistance was about some ohms. Thus, the surface resistance of the IPMCs manufactured by Akle is expected to be about 0.5...2 ohms.
The voltage drop along the electrode does not depend only on the resistance of the electrodes, but also on the electric current through the ionomer. The electric current depends on the other parameters of the material, especially on its pseudocapacitance and ionic conductivity.

The parameters affecting the electric current are depicted in Fig. 12 of the article 
SNA-D-07-00520. The voltage drop along the electrodes may be inconspicious in case when the capacitance C and/or the ionic conductivity Q of the material are low. That in turn has an effect on the bending performance of the IPMC. The low capacitance conditioned by low concentration of the ions in the IPMC material causes a weak bending of the IPMC, as mentioned also by Akle [21]. The low ionic conductivity Q affects to the speed of bending of the IPMC. If C and Q are low, the voltage drop along the electrodes is unnoticeable and the flexion of IPMC is almost even along its length. But the bending is slow and weak. This case can be easily simulated using the transmission line depicted in Fig. 12.
When the ionic conductivity Q is high (as it is in the case of MuscleSheet), the voltage drop along the electrodes appears even if their conductivity is good.
In all the examples given above, our analytical, distributed and scalable model describes the performance of the IPMC accurately. 
