Abstract
This paper investigates design considerations of an Ionomeric Polymer Metal Composite (IPMC) actuator in a cantilever beam configuration. We investigate a general case where the actuator is required to apply certain output force within a predefined working section. We show how to find the optimal width and length of the actuator given these constraints
We show that the required output force determines the width of the sheet. The length of the free bendable IPMC part is determined by the required length of the working section.

We conclude that a rigid elongation can be used to increase the performance of the IPMC sheet.
One of secondary discoveries is that IPMC martial should be as elastic as possible without causing it to break.
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Figure 1 IPMC with (a and c) and without (b) electrical stimulation.

IPMC actuators are so important but the usage is tricky…

There are not many studies focusing on optimal design of IPMC actuators and non such that have elongation as a construction element…

Bending stiffness is important. It determines the work, the actuator can do.

The force in front of contacts is 
Long IPMC sheets are used without necessity. Often shorter IPMC piece can be used to perform the same task only width increased controllability. IPMC sheets do not come width instruction manual how to build actuators from them. There is no role to choose the width and length of the IPMC sheet according to the task at hand.
For the rest of the paper we consider elongated IPMC sheet in cantilever configuration, that needs to apply certain force in a given distance form relaxed position.
We want to present a method to find the optimal dimensions (width and length) for minimal area of the IPMC sheet needed to perform given task. The less area the cheaper is the actuator and the less electrical power it consumes. 
We also consider the optimal values for other parameters for minimal area of the IPMC sheet.

The actuator and its task

Parameters of a typical IPMC actuator are given [eelmine artikkel].

We are interested in minimizing the free area of IPMC sheet. The model introduced in “A mechanical model of a non-uniform Ionomeric Polymer Metal Composite (IPMC) actuator” can be used. The algorithms used can be downloaded from …
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Figure 2. System of IPMC actuator with 0,03m long IPMC sheet
Defineerime F+ ja F-
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Figure 3. Force functions of 0,03m long IPMC sheet
All the necessary details and notations are introduced here.
The concept of IPMC actuator with guaranteed force in both directions in given distance form relaxed position is presented.

The section includes parameters of a sample actuator and force-position graph on extreme electrical stimulations. The properties of the material are those of identified in “A mechanical model of a non-uniform Ionomeric Polymer Metal Composite (IPMC) actuator”. Also the construction of the actuator is the same except the dimensions of the IPMC sheet.

Simplified model

Model for cases when R>>l. Then IPMC actuator behaves like a leaver!
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Figure 4. System of IPMC actuator with 0,0045m long IPMC sheet
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Figure 5. Force functions of 0,0045m long IPMC sheet according to general and simplified model.
Its strength is its simplicity. Optimal dimensions for minimal area of the IPMC sheet are defined with simple analytical formula. Optimal values of other parameters are also defined width analytical formula.

Simulations
To illustrate the process of finding minimal area of the IPMC sheet and to compare general and simplified model simulations are conducted.

Lets fix a the force G=1.
Lets also fix working section c= 0,015.

See the plot of minimal area of IPMC sheet function of length of the IPMC sheet.
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Figure 6. Area of the IPMC sheet as a function of length of the IPMC sheet in case of c=0,015 long working section.
Plot of minimal area of IPMC sheet over all lengths:
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Figure 7. Minimum area of the working section as a function of length of working section at force G=1N.

Corresponding length of the IPMC sheet.
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Figure 8. Optimal length of the IPMC sheet as a function of length of working for minimum area of IPMC sheet.
The value of G does not influence the optimal length and is proportional with optimal width!

Corresponding width of the IPMC sheet.
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Figure 7. Optimal width of the IPMC sheet as a function of length of working for minimum area of IPMC sheet.
Conclusions and dicussion

It can be seen that in case of small values of c simplified model gives similar results than general model. However in case big values of c simplified model is too conservative and overestimates width and length.
The value of c determines the optimal length and the value of G determines the optimal width.

Design considerations

Optimal material properties.
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Me should be as big as possible!
Although some authors claim that stiff IPMC material makes good actuator, the equation (X) for finding minimal area of IPMC sheet shows different trend. More elastic IPMC material enables bigger working sections and shorter IPMC pieces. The shorter the piece the more easy it is to control it. However the IPMC material can not be to elastic or tensile strength will suffer.
k0 should be reasonably small! In extreme cases big initial curvature makes the actuator behave unsymmetrical and increases the “minimal area”.
Taking Lc into consideration.

Functions of optimal length and optimal width are then.

lc should be reasonably small. lc<<l.
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