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KEYWORDS ABSTRACT

Nanomagnetic slime robot, Miniature robots are being developed today and are used to monitor electrical equipment
Elastomeric-metal hybrid and medical applications such as drug delivery or minimal intervention. Polymeric robots
robot, presented for this purpose are compatible with the environment and have good
Nano ferromagnetic, performance, but they are not proper for narrow canals. A novel generation of flexible and
Magnetic field, soft robots has been created based on metallic fluids. Ultra-thin deformation and passage

Wearable sensor.

through narrow spaces make it possible to avoid damaging surrounding biological tissues.
The efficiency of these robots also depends on the environment. Temporarily, hybrid robots
based on elastomer-metal have been introduced, which are flexible like slime and have the
ability to control stiffness with magnetic fields like magnetorheological fluid. In this article,
the construction of a nano-magnetic slime robot is explained, and some of its physical and
rheological properties are reported. Also, the applications of the proposed slime robot are
investigated by experimental tests.

Extended Abstract

1. Introduction

oft robotics is an impartially new sub-category of robotics, which combines conventional principles of

robot design with studying fluids, Nanomaterials, soft polymers, and extra simply deformable matter [1-

3]. At the center of several soft robotics platforms are adaptive materials that show excellent deformable
shape or volume under different external situations, which are vital for generating mechanical motions [4-6]. They
are non-invasive [2], adaptive [3], and easily available [6]. Thus, micro soft robots are a proper candidate for
medical engineering [7,8], drug delivery [13,14], non-invasive surgery [15], etc.

Until now, most soft robots are made with elastomers and magnetic particles [27, 28]. Although they are
flexible, they have limitations in shape deformation vs. external geometry [35, 36]. In contrast, ferrofluid or fluid-
based robots show smooth motion [44, 45] while keeping their characteristic [50]. The current paper aims to
present a novel microrobot based on polyvinyl alcohol gel contents nano called Magnetic Nano Slime Robot
(MNSR). Some rheological properties of MNSR such as velocity speed in locomotion, viscosity, and its
application as a motion sensor are described.
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2. Methodology and Results
Nano ferromagnetic (60%) and borax were added to PVA gel to reach MNSR. This process is shown in Fig.1.
The stability of this gel is high because the covalence bands of the polymer are strong.
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Figure 1. Composition of nano slime
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The statical viscosity is measured by the required force of sliding plates including MNSR between two plates.
The apparatus for this issue is exhibited in Fig. 2. The obtained viscosity was 0.091 Pas while the speed of the

plate was 2cm/s, and the tension force was 0.47 N.
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Figure 2. Viscosity measurement
Also, the diagram of Frorce-deformation was obtained for this product and shown in Fig. 3. When the magnetic
field is available and when is not available Fig. 4 and 5 are reached, respectively. As can be seen, the viscosity and
velocity of movement are adjustable and controllable by magnetic field.

Figure 3. Deformation and force measurement

Mechanics of Advanced and Smart Materials Journal 3(3) (2023) 398 — 412



Fabrication and Evaluation Energy Harvesting based on Smart Triboelectric Material = 400

Deformation Vs. Force

0 0.02 0.04 0.06 0.08
Deformation (cm)

Figure 4. Force-Deformation without magnetic field
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Figure 5. Force-Deformation with magnetic field

2.1. Velocity of yield point

In most nanorobots, the velocity of the locomotion yield point is important. Thus, by a magnetic with 1700
Gauss, nano slime is moved as Fig. 6, and the velocity of that has been recorded as 0.001 m/s.

(b) (©

Figure 6. (a) movement of nano slime, (b) start point, (c) endpoint
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2.2. Possibility of movement and activity

Furthermore, this nano slime composition can be used as a wearable sensor to measure human body movement.
Fig.7 shows the resistance measurement of nano slime while it is covered on the hand. Thus, it can measure body
activity and displacement of organs.

Figure 7. Measurement of body motions
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Figure 8. Resistance measurements

3. Conclusions

In this article, a reconfigurable multifunctional nanomagnetic slime is proposed, which is used to build robots
that use spatio-temporal programmed external magnetism. Compared to existing elastomer-based soft robots, our
approach allows for more deformation in this nanomagnetic slime. It achieves robots that are able to adapt to very
limited conditions, such as the environment of passing through a narrow channel. The results of the experiments
showed that compared to the existing metal liquid-based robots, the nanomagnetic slime robot can adapt to
complex interface environments. Such as water or air, as well as the tests performed, it is revealed that the robot
can reach the target location by changing shape and programmable behaviors such as looping and rotating
operations and various other functions that have been demonstrated.

Also, the evaluation of the robot showed that it was possible to capture the object through rotation and
spreading modes to remove foreign materials. In addition, the existence of electrical conductivity has also made it
possible to establish a connection in faulty electronic circuits with the help of magnetic navigation. Electrical
conduction has provided another possibility, and that is the use of this magnetic nano slime in monitoring systems
based on electrical resistance measurement. This feature has made it possible to use this phenomenon for wearable
equipment to monitor the human body in an adaptive way such as a motion sensor, while allowing for free
movement and activity.
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