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KEYWORDS ABSTRACT

Smart Material, In this paper, shape memory polymers (SMPs) are reviewed, as they have demonstrated
Shape memory polymer, exceptional properties that make them suitable as advanced materials for current and potential
Stress-strain diagram, applications, particularly in robotics. However, the thermomechanical properties and traditional
Strain rate, shape memory features are somewhat limited due to their ability to recover their original shape
Artificial muscle, solely through the use of a heating source. SMPs not only possess remarkable mechanical and
Drag and drop mechanism, shape memory properties but also their ease of fabrication makes them suitable candidates for
Robotic. numerous applications. In this research, an artificial muscle equipped with a shape memory

polymer is introduced, and its mechanical properties are measured and tested in a simple gripping
and releasing mechanism. The results showed that the device is capable of performing cyclic
loading and provides a force-to-energy ratio of 0.25.

Extended Abstract

1. Introduction

hape Memory Polymers (SMPs) are smart polymeric materials that have the ability to return from a

deformed state (temporary shape) to their original (permanent) shape when triggered by an external

stimulus, such as a change in temperature. SMPs can retain two or sometimes three shapes, and the
transition between them is often induced by temperature changes. In addition to temperature changes, the shape
change in SMPs can also be triggered by an electric or magnetic field, light, or a solution. Like polymers in general,
SMPs cover a wide range of properties, from stable to biodegradable, soft to hard, and elastic to rigid, depending
on the structural units that make up the SMP. SMPs include both thermoplastic and thermoset (covalently cross-
linked) polymer materials. It is known that SMPs can store up to three different shapes. SMPs have demonstrated
recoverable strains of over 800%.

Two important quantities used to describe the shape memory effects are the strain recovery rate (Rr) and the
strain fixity rate (Rf). The strain recovery rate describes the material's ability to remember its permanent shape,
while the strain fixity rate describes the ability of the switching segments to fix a mechanical deformation.

Polymers exhibiting shape memory effects have both a visible, current (temporary) shape and a stored
(permanent) shape. After the material is conventionally fabricated, it is processed into another temporary shape by
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heating, deforming, and finally cooling. The polymer retains this temporary shape until a pre-determined external
stimulus activates the change back to its permanent shape. The secret behind these materials lies in their molecular
network structure, which consists of at least two separate phases. The phase with the highest thermal transition,
Tperm, is the temperature above which the physical crosslinks responsible for the permanent shape are formed.
On the other hand, the switching segments are those that soften after reaching a specific transition temperature
(Ttrans) and are responsible for the temporary shape. In some cases, this transition temperature is the glass
transition (Tg), and in others, it is the melting temperature (Tm). When the temperature exceeds Ttrans (while
remaining below Tperm), the switching is activated by softening these switching segments, allowing the material
to resume its original (permanent) shape. Below Ttrans, the flexibility of the segments is at least partially restricted.
If Tm is selected for programming the SMP, strain-induced crystallization of the switching segment can be initiated
when stretched above Tm and subsequently cooled below Tm. These crystals form covalent networks that prevent
the modification of the polymer's normal coiled structure.

The ratio of hard to soft segments often ranges between 5/95 and 95/5, but ideally, this ratio is between 20/80 and
80/20. Shape memory polymers are effectively viscoelastic, and there are numerous models and analytical methods
available for their analysis.

Given that the use of smart polymeric materials has been developed for sensors [13-14] and actuators [15-16],
the exploration of shape memory polymers (SMPs) can assist engineers and designers in the field of robotics.

In this research, an attempt has been made to develop and evaluate a robotic actuator based on SMPs with the
ability to grasp and release objects. This actuator can potentially be applied in areas such as robotic laparoscopic
surgery or fruit and crop harvesting systems.

2. Methodology and Results

In this study, a shape memory polymer-based actuator was first constructed, followed by mechanical property
measurements. Additionally, the feasibility of using it in a grasp-release tool was investigated. To build the actuator
based on artificial muscles made from shape memory polymers, nylon threads were used. Figure 1 shows the
research flowchart. Initially, single-strand nylon fibers, commercially known as (Shieldex PN# 260151011717),
were twisted into a four-strand configuration to form a single thread. This twisted thread was then double-twisted
to achieve the final form, as shown in Figure 1. To prevent the twisted structure from untwisting, two metal clamps
were placed at both ends. During the twisting process, the nylon thread was subjected to tension by a constant 5
kg weight while the twisting occurred. As a result, a complete nylon coil was formed. Subsequently, an enameled
copper wire was wound around the nylon coil (Figure 2). The combined assembly formed an actuator muscle with
a length of 8 cm.

Fabrication Driving Robotic Tool

SMP Mechanical Design and
Development

Properties

Figure 1. flowchart of study

Figure 2. SMP Muscle
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provide thermal power to the fabricated artificial muscle, as shown in Figure 3, a 3.3-volt electric current was
applied to the coil, which resulted in an increase in the coil's surface temperature. This caused the nylon strands to
unwind, leading to a change in the length of the muscle. When the current was stopped, the muscle returned to its
original length through the re-twisting of the strands and the expansion of the actuator.

To determine the mechanical properties of the actuator, changes in its length over time were recorded. Thus,
the length variations were tracked in relation to time. Figure 4 illustrates the change in length versus the heat
generated by the electric current after a certain time. It can be observed that the muscle length is a function of the
amount of heat received through the copper coil. To measure the applied force, the fabricated actuator was
connected to a force gauge with an accuracy of 0.1 N, allowing the force to be measured as electrical current was
applied.

&b

Ty B
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Figure 3. Actuating by electric current
3. Results and Discussion

In Figure 5, the changes in force are plotted against time through the application of voltage. As seen in Figure
4, after the force reaches a certain value, in this case, 4 N, the actuator stops generating additional force, and
saturation appears to occur. This saturation is actually due to the internal structure of the twisted strands, as the
twists in the strands have been undone, preventing further contraction of the twisted assembly.
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Figure 4. Length decreases by applying electrical current
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Figure S. Force vs. Time by applying electrical current

The force-displacement graph was also obtained using a force gauge and a dial indicator. The graph in Figure
6 illustrates the variations in force against the displacement measured during this experiment.
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Force vs Deformation
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Figure 6. Force-Deformation diagram

To create a grasping and releasing actuator, the artificial muscle was placed under the pressure of a spring
inside a circular tube with a diameter of 5 millimeters, with the other end connected to a scissor-gripper
mechanism. Thus, when voltage is applied, the coil contracts, enabling the grasping action in the gripping
mechanism. Figure 7 shows a prototype design and the constructed device. The aim of developing this equipment
is to assess the feasibility of grasping and releasing actions in devices such as surgical robots and fruit harvesters.

Figure 7. Prototype of Gripper

In many cases, the artificial muscle must be able to alternately provide force to the robot's end effector. To
achieve this, power was supplied in the form of voltage, varying between 5 volts and 9 volts to the constructed
system (Figure 7), and the force changes were recorded using a force gauge. This cyclic loading is shown in Figure

8. It can be observed that the length recovery rate is faster than the loading path, indicating a quicker heat release
of the polymer compared to its heat absorption.

Cyclic loading
4
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Figure 8. Cycling force
4. Conclusions

In this paper, shape memory polymers (SMPs) are examined for their exceptional properties, which have led
to their use as advanced materials for current and potential applications. However, the traditional characteristics
and features of shape memory are quite limited due to their ability to recover their original shape solely using a
heat source. SMPs not only possess remarkable mechanical properties and shape memory capabilities, but they
also gain original features after exposure to any electrical or thermal heating source. The results indicate that this
actuator has a force saturation limit and can exert maximum force by receiving a specific amount of energy.
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Furthermore, we believe that exploring the advanced properties of these materials is still evolving in the design
and/or development of new composites. Therefore, a critical aspect can be found in identifying significant useful
functionalities. To this end, the feasibility of cyclic loading in a simple grasp-release actuator was investigated,
demonstrating its capability to perform a clamping mechanism for agricultural robotics and robotic surgery.
However, the strain rates during loading and unloading are not equal, and the response time is not as high as that
of piezoelectric materials and shape memory metals.
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