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1- Introduction

Soft robots are a group of robots that usually made of
polymer materials, have a completely flexible body, and
can adapt to different conditions. Inspired by the
biodiversity in nature, many efforts have been made to
build soft robots to achieve unique features such as light
weight, low cost, and high flexibility. Soft robots
remarkable adaptability, sensitivity and agility. A major
challenge in developing soft machines that reach their full
potential is the creation of controllable soft bodies using
materials that integrate sensors, actuators, and computing
to enable these robots to perform the required behaviors
.Phase change elastomer-material composite (PCMEC)
actuators are composed of a fluid and soft elastomer
matrix. This fluid is distributed in the form of micro-
packages in the polymer matrix. As the temperature
increases, the phase change in each package causes the
matrix to expand. This class of actuators is promising
candidates for soft robotic applications due to their high
strain generation potential, low cost, and easy fabrication
procedures. In the present study, a composite was
constructed silicone as the matrix and ethanol as the phase
change material. By applying an electrical voltage and
passing a current through the wire, heat is generated. The
activation and deformation mechanisms of the mentioned
silicon-ethanol robot are the heat absorption of ethanol and
the vapor pressure increase in the silicon matrix.
Therefore, the uniformity of the heat distribution process
in the composite is effective on its response speed.

2- Materials and Manufacturing Method
Two-component silicone (T25 China) and 96% ethanol
(Merck, Germany) were used as raw materials. Nickel-

chrome wire model Spark was selected from China were
used to manufacture composite samples. Silicone and
ethanol were thoroughly mixed in the optimal percentage
by mechanical mixing, then hardener was added to the
mixture and injected into a mold with a nickel-chrome coil
in its central part. Finally, the mold was placed in a sealed
container saturated with ethanol for 4 to 5 hours to cure the
sample in an environment with a temperature below 200 .
To investigate the behavior of the composite actuators, a
voltage was applied to each ends of a coil embedded
centrally within the sample. When current passed through
the coil, its resistance generated heat, which caused a phase
change in the ethanol packages due to the heat distributed
within the composite. The evaporation of ethanol produced
the vapor pressure, leading to elastomer expansion and
displacement. To record the displacement, the samples
were photographed during the activation and release
cycles. After that, the displacement of each sample was
recorded using image processing codes in MATLAB
software.

The pore sized and distribution within silicon matrix
was examined after three working days (each working day
included 10 activation and rest cycles) using Field
Emission Scanning Electron Microscopy (FESEM) with a
German LEO device, model VP1450, operating voltage
KV 20. Samples were completely dried at ambient
temperature following cross-section cutting, and a thin
layer of gold was applied to their surfaces.

3- Results and Discussion
Three samples with different coil diameters were

examined according to Table 1. The difference of
temperatures in the surface and core of CPCMO.5,
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CPCMO.8, and CPCM1 samples was recorded as 95°C,
25°C, and 21°C, respectively, during 30 working cycles.
The average performance time of the CPCMO0.5 sample
increased from 120 seconds on the first day to 150 seconds
on the third working day. While the performance of the
other two samples was the same. The weight loss curve of
the samples after three working days also shows that the
CPCM1 sample with 55% residual ethanol in the structure
had a more favorable performance (Figure 1).

Table 1) Information on manufactured samples

Volume
Internal .
. Total fraction
Coil velume sample located
Sample | diameter | of the P o
(cm) coil volume inside
3 (cm®) | the coil
(em?) (%)
CPCMO0.5 0.5 1.767 20.25 8.725
CPCMO0.8 0.8 4.523 20.25 22.335
CPCM1 1 7.068 20.25 34.903
110 .
=— CPCM1
100x e— CPCM0.5
‘ |4 CPCMO.8
__ 904 Sl -
2
X
~ 80
2
£ 704 -
g 60 A e -
© 50 S
14 e
R =
40
—A
30 e
0 1 2 3 4 5
Time (day)

Figure 1) Residual ethanol content curve after each working
day for three samples CPCMO0.5, CPCMO0.8 and CPCM1.

As the heat source in this type of robot is a nickel-
chromium coil, the rate of heat transfer and temperature
increase occurs faster near the coil. Therefore, the phase-
change material near coil starts to change phase earlier and
the areas far from the coil absorb heat later due to the
insulating properties of the matrix. As a result, in some
places the ethanol has changed its phase and created strain
in the sample, while some places have not yet absorbed
enough heat. This also increases the response speed until
the appropriate strain is reached, in order to create
sufficient heat at all points of the composite. Uniform heat
distribution, providing better speed, also reduces weight

loss. Therefore, using optimal heat transfer in the robot is
very effective in creating better performance. This robot
can have a longer lifespan without performance loss using
uniform heat transfer.
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Investigating the Performance of Silicon-Ethanol Soft Robot with a Focus on Heat Distribution
Conditions
Mahboubeh Ghasemzadeh Namaghi ~ Hojat Zamyad = Mohsen Haddad Sabzevar ~ Samaneh Sahebian saghi

Abstract [In the present study, a composite soft robot was constructed using silicon as the matrix and ethanol as the
phase change material. The purpose of constructing this soft robot is to create strain performance in the robot. Given
that the activation mechanism of the silicon-ethanol robot is the absorption of heat by ethanol and the creation of vapor
pressure in the silicon matrix and, as a result, strain; therefore, the effect of the uniformity of heat distribution in the
composite on its response speed was investigated. The results of this study, using electrical excitation testing, weighing
with a balance, imaging of the microstructure by electron microscopy (FESEM), and processing of images related to the
displacement of the samples by MATLAB software, showed that the heat distribution conditions in the silicon-ethanol
composite are very important in the performance speed and life of the composite. The sample with a coil diameter of 1
cm (equal to 34% of the volume of the sample placed inside the coil to the total volume of the sample) had stable
performance during different cycles during operation. The difference in temperature between the center and surface of
the sample was approximately 21°C, and the average response time over three working days was 161 seconds. For the
sample with a coil diameter of 0.8 cm, the difference in temperature between the surface and the center was 25°C, and
the average response time over three working days was 165 seconds. For the sample with a coil diameter of 0.5 cm, the
difference in temperature between the surface and the center was 95°C, and the average response time over three working
days was 143 seconds.

Keywords soft actuator, silicone, phase change material, heat transfer.
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