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ABSTRACT

Ionic polymer-metal composite (IPMC) is an electroactive material that bends when being stimulated electrically.
Basically, there are two actuation attributes of IPMC actuator had been investigated which are the actuation force and
bending degree. However, characterization on multilayer IPMC actuation had been less studied. Based on the preliminary
research, double layer IPMC actuator is performing a non-uniform actuation where the first actuator bends at higher
actuation rate compared to the second actuator. Hence, this research was conducted to investigate the double layer IPMC
actuation by adjusting some parameters. They are the thickness of the IPMC layer, voltage supply and current supply.
Those parameters had been varied to observe the IPMC actuation. The result of this research shows that as the voltage
supply varies, the bending degree of the both IPMC layer become uniform at 4V DC when the thickness is 0.025cm.
Besides, by changing the thickness of the IPMC actuator, the bending degree of the IPMC actuator gives a linear trend.
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INTRODUCTION

Beam-like IPMC actuator bends when stimulated
by an electrical field as a result of cations movement in
the polymer network and vice versa [1]. The applied
voltage is responsible for the polymer matrix to swell on
one side and shrinks on the other side. This phenomenon
results bending motion of the polymer. The double layer
IPMC actuator performs larger bending degree compared
to the single layer IPMC actuator with the same thickness
when stimulated by electric field [2]. This is because the
actuation of the IPMC layer depends on its thickness.
Thicker IPMC actuator has better actuation force. Thick
IPMC actuator was prepared by using electro plate less
method and recasting method which are cost high and
take longer time [3]. However, based on the beam
bending principles, thicker beam has higher deformation
resistance. Therefore, it was proposed to prepare the
multilayer IPMC by stacking method. This method is very
simple method and easy to prepare as well as costs low.
However, the bending degrees of the double layer of the
IPMC actuator are not uniform [2]. Sometimes, the
bottom layer bends with a larger bending degree
compared to the top layer. Therefore, the double layer
IPMC actuation can be considered as a nonlinear system
[4][5]. This research is done to investigate the actuation of
the double layer IPMC by identifying the parameters like
thickness of the IPMC layer, voltage supply and current
supply. Those parameters had been varied to observe the
IPMC actuation. The next section discusses the previous
researches done in order to investigate the IPMC
actuation. In section 3, the methodology of this research is
discussed. Result and discussion are discussed in section 4
while section 5 discusses the conclusion and
recommendation of this research.

RESEARCH OVERVIEW
An IPMC actuator is made up of a thin ion-
exchange polymer membrane which is filled with ionic

liquid and it is coated with a thin metal layer from both
sides. As a small voltage is applied, an electric field is
being generated through the polymer membrane [6][7].
This phenomenon causes ion migration which is resulting
in the bending motion. The backbone of the IPMC is
usually around 0.2mm to 0.5mm thick and the metal layer
is around 20um. Therefore, IPMC can be used as
actuators on a miniature scale driven at low voltages [8].

The IPMCs can create a large bending motion
under relatively low input voltage 1V to 5V, which is a
unique merit over the other class of EAP actuators [9]. An
applied electric field affects the cation distribution within
the membrane, where it forces the cations to migrate
towards the cathode. This change in the cation distribution
produces two thin layers, one near the anode and another
near the cathode boundaries [10]. The clusters within the
anode boundary layer are depleted of their cations, while
clusters within the cathode boundary layer are rich in
cation. At the anode and cathode boundary layers, the
respective decrease and increase in the concentration of
the ions may cause a decrease in the effective stiffness of
the polymer in the anode, and an increase in this stiffness
in the cathode boundary layer, respectively.

An IPMC layer with higher stiffness exhibits less
displacement which is resulting in smaller bending degree
[11]. This can be related to the much larger thickness of
the IPMC layer, requiring longer time for electrolyte
migration and diffusion between the electrodes. Besides,
the relationship between the thickness of the IPMC layer
and its bending degree can be related to the bending of the
cantilever beam as shown in Figure-1.
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Figure-1. Deflection of a cantilever beam.

The formula for vertical displacement, J, is given:
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where L is the length of the strip, P is the applied
load, E is the Young’s Modulus, and / is the second
moment of area. The moment of inertia, I for the
rectangular section is given:

3
I= v:z @)

From equation (1) and (2),
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where w is the width of the beam and h is the
thickness of the beam. From the related equations, it can
be said that the thickness of the beam, % is directly
proportional to the moment of inertia, / but inversely
proportional to vertical displacement, d. This shows that
when the thickness, / increases, the moment of inertia, /
increases too but the vertical displacement, § will
decrease. This theory is applicable to the bending of the
IPMC layer too. The thicker the layer, the smaller it’s
bending displacement [12].

METHODOLOGY

IPMC actuator preparation

In previous researches, few steps had been carried
out to increase the performance of the IPMC [13][14].
Those techniques were definitely increase the IPMC
fabrication cost because it required additional substances.
The simplest technique is increasing the thickness of the
IPMC as it costs lower. However, increasing the thickness
of the actuator will decrease the bending degree.
Alternatively, a double layer IPMC will be prepared with
simple stacking technique without using any recasting
method or surface electrode enhancement. IPMC samples
with a initial length of 40mm and 10mm width were
prepared. The thicknesses of the samples used were about
25mm, 0.45mm and 0.50mm [8].

Experimental setup

Figure-2 depicts the experiment setup for both
single and double layer IPMC actuators. An IPMC
actuator was clamped at one end, where the actuation
voltage was applied. TENMA 72-10495 digital control DC
power supply was utilized to supply the voltage. The tip
displacement was captured by a video camera and the
bending degree was calculated using equation (1). Before
each experiment, an actuator cut with the specified size
was soaked in the deionized water. The inner porous
IPMC layer that stores mobile cations now contains water
molecule, which enabled the actuator to operate in air for
some time. The time of continuous in-air operation
depends on how fast the stored solvent evaporates, and
without further packaging, it is about 4 to 5 hours. The
experimental temperature and humidity were maintained
as 25°C and 27%, respectively [3].

IPMC

DC Power Supply

Computer

Figure-2. Schematic diagram of experimental setup.

Characterization of IPMC actuator

There were four experiments had been carried out
to study the characterization of double layer IPMC
bending actuation. The actuation performance was
compared between double layer IPMC layer and single
layer IPMC layer with same total thickness. In experiment
1, the characterization was carried out to study the
actuation of double layer IPMC using various voltage
supply. Two layers of IPMC actuators with a thickness of
0.25mm per actuator were prepared as stated in Table 1.
The electrodes were connected to the power supply. The
supply voltage and current were set to 1.5V and 0.5A
respectively. Then, the IPMC layers were stacked in
between the electrodes as shown in Figure-2. It was very
important to make sure that the IPMC layers were wiped
dry before stacking between the electrodes to avoid
unnecessary resistance between IPMC and those
electrodes. After stacking the IPMC layers, the camera
recorder which was connected to the personal computer
was turned on to record the bending degree.
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Table-1. Summary of sample number and thickness for
every experiment.

Experiment Sample Thickness, t { mm )
numher

1 2 0.25 (for each layer)

2 2 0.25 (for each layer)
Sample & 2 | 0.25 (for each layer)

3 Sample B: 2 | 045 (for each layer)
Sample C: 2 | 0.50 (for each layer)

4 Sample & 2 | 0.25 (for each layer)
Sample B 1 0.50 (single layer)

Then, the power supply turned on allowing the
voltage and current supplied to the system. The bending
degrees of the IPMC layers were recorded for five bending
oscillations. Each oscillation was taken for 4 seconds only.
Then, the bending degree of the IPMC layers were
measured using a protractor. The experiment was repeated
with different voltage supplies by adding 0.5V to the
previous voltage supply until the bending degree of the
both layers were obtained the same value. For example,
starting from 1.5V then continued with 2.0V, 2.5V, 3.0V
and 3.5V [15].

In experiment 2, the actuation of double layer
IPMC was investigated using various current supplies. The
setup of equipments and samples preparation were same as
in experiment 1. Here, the voltage supply was fixed at
4.0V where at this value the bending degree of both layers
were same as obtained in experiment 1. The current supply
was set to be 0.10A. The experiment was carried out as
experiment 1 and the bending degrees were measured.
Then the experiment was repeated using a current supply
of 0.15A, 0.20A, 0.25A, 0.30A, 0.35A, 0.40A, 0.45A and
then lastly 0.50A [15].

In experiment 3, the actuation of double layer
IPMC was studied using various thicknesses. The setup of
equipments and samples preparation were same as in
experiment 1. Here, the voltage supply and current supply
were set to be 1.5V and 0.5A at starting. The experiment
was carried out as experiment 1 and the bending degrees
were measured. Then the experiment was repeated as in
experiment 1 using the thickness of the double layer [IPMC
of 0.45mm and then 0.50mm.

For experiment 4, a comparison made in between
double layer IPMC and single layer IPMC with same
value of total thicknesses. The thickness of the single layer
IPMC, t; is 0.5mm and the thickness of each layer of the
double layer IPMC, t, is 0.25mm. This means the total
thickness of the double layer IPMC is 0.5mm. Therefore,
it can be expressed as below.

t =2t 4)
The setup of equipments and samples preparation

were same as in experiment 1 for double layer IPMC. The
setup of equipments was similar to the other experiments.

Here, the voltage supply and current supply were set to be
4.0V and 0.5A for both types of IPMC layers. The
experiment was carried out as experiment 1 and the
bending degrees were measured.

RESULTS AND DISCUSSION

In experiment 1, the bending degree of the
multiple IPMC actuators was observed. As depicted in
Figure-3, the bending degree of both of the layers
increases as the supplied voltage was increased. However,
both actuators showed different bending degree for
different supply voltage. The trend shows that the different
bending degree between the two IPMC actuators was
getting smaller when the supply voltage was increased. As
the supplied voltage increment reached 4.0V, both IPMC
actuator layers had similar bending degree which was 40°.
Therefore, it can be said that sufficient voltage supply to
the layers can make the bending of the IPMC layers
become linear. In this case, 4.0V voltage supply was
needed to make the double layer IPMC with a thickness of
0.25mm each layer to become linear and bend
simultaneously. As the voltage supply increased, the
percentage difference between both of the layer is
decreasing gradually and finally both layers bend
simultaneously at a voltage supply of 4.0V as shown in
Figure-3. This means a synchronized bending for the
double layer IPMC can be achieved by supplying 4.0V to
the system.

Meanwhile, the results in experiment 2 showed
that the bending degree of the IPMC layers were remained
uniform although the current supply varies. As the current
supply was increased, the bending degree of both of the
layers increases linearly with almost same value as shown
in Figure-4. Therefore, it can be said that the non linear
actuation of double layer IPMC actuator does not depends
on the current supply. In this case, at any current supply
the actuation of the double layer IPMC was linear as there
was sufficient voltage supply to the system.

"R ER

ERESE S

Top Layer

== BottomLayer

Dispbace ment Degree, ")

meomBuERBEER

supplied Voltage, V

Figure-3. Displacement degree of two layer IPMC
actuator at different supply voltage.

Based on the results in experiment 1, experiment
3 was conducted in order to analyze the influence of IPMC
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actuator thickness over the bending performance for
multilayer IPMC actuators. In this experiment, as the
supplied voltage was increased, the bending degree of both
of the layers increases and the difference between the
bending degrees of both of the layers decreases at different
degree. Figure-5 exhibits that the 0.25mm thick samples
show noticeably larger deflection at lower voltage supply
of 4.0V compared to 0.45mm samples. The thicker the
layer provides higher interfacial surface area of electrodes,
and higher stiffness. An IPMC layer with higher stiffness
exhibits less displacement which is resulting in smaller
bending degree [11]. This can be related to the much
larger thickness of the samples, requiring longer time for
ion migration and diffusion between the electrodes. As
mentioned in previous researches, the electrical model of
IPMC consists of few types of resistance as well as
capacitance that represents the ion migration process. The
thicker IPMC actuator increase the value of the
capacitance [2]. On the other hand, the thicker the IPMC
actuator, then the voltage limit for simultaneous bending
degree for the double layer IPMC actuator was increased
too. By referring to Figure-5, the simultaneous actuation
voltage limit varies in inverse exponential form. In
experiment 4, the bending degree of the double layer
IPMC was compared with the bending degree of the single
layer IPMC. Figure-6 shows that the bending degree of
double layer is larger than that of the single layer IPMC
layer. This means the double layer IPMC layer perform
much better than that of the single layer IPMC layer with
total thickness. This is because it can be related to the
larger the thickness of the samples that in contact with the
electrode, requiring longer time for electrolyte migration
and diffusion between the electrodes. In this case, for
double layer, the electrodes were in contact with 0.25mm
thick IPMC layer. For single layer, the electrodes were in
contact with 0.50mm thick IPMC layer [10]. The recorded
difference of the bending degree between single layer and
double layer of IPMC actuator was almost 40.2° in
average.
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Figure-4. Displacement degree of two layer [IPMC
actuator at different current.
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Figure-5. Displacement degree of double layer IPMC
actuator with different thickness.
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Figure-6. Displacement degree of double layer IPMC
actuator.

CONCLUSIONS

In brief, the linear actuation of double layer
IPMC depends on the voltage supply. If a sufficient
voltage supply is provided to the IPMC layers means the
layers will bend simultaneously. The current supply only
affects the bending degree of the IPMC layers but not the
linear actuation of the layers. If there is sufficient voltage
supply, the IPMC layers will be actuated simultaneously
using any current supply. Besides that, it’s also known that
the thickness of the IPMC layer influences the actuation of
the layer. The thicker the layer, the higher the voltage
needed to actuate the IPMC with desired bending degree.
Therefore, multilayer IPMC actuator is more preferred
compared to single layer IPMC with larger thickness. This
is because multilayer IPMC provides a better bending
property compared to the single layer IPMC. In addition,
there is only a small voltage supply needed to actuate
multilayer IPMC with greater bending degree compared to
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the single layer IPMC which needs a higher voltage supply
to actuate. To sum up, the objective of this project is
achieved by actuating the double layer IPMC with the
desired bending degree where the both of the layers show
a simultaneous bending motion.
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