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1. Introduction

With the new development in nanotechnology, the
use of nano-wires for manufacturing ultra-small
structures such as nano-switches, nano actuators,
nano-sensors, and nano-tweezers has increased
rapidly. Nano-wire manufactured tweezers are
composed of two cantilever conductive nano-wires
(arms) with a small separation in between, utilized

to  manipulate  nanoelements,  investigate
nanoparticle interaction, and measure the
characteristics of nanomaterials. The pull-in

voltage of nano-tweezers limits the tweezing range
and hence the size of the objects, which can be
manipulated by the nano-tweezers. Therefore,
previous researches have examined the influence
of different phenomena on the stable actuating
range and the pull-in instability parameters of
nano-tweezers. However, the impacts of the
magnetic field on the pull-in instability of nano-
tweezers have not been investigated yet.

The present work investigates the influence of
a longitudinally magnetic field on the pull-in
instability of nano-wire-based tweezers by
considering the Casimir and van der Waals
attraction. To simulate the size dependency of
materials, the equations of motion of the nano-
tweezers are constructed within the framework of
the consistent couple stress theory (C-CST). A
semi-analytical solution based on the Homotopy
Perturbation Method (HPM) is developed to
investigate the pull-in parameters. The obtained
results are validated by comparing with the
numerical solution as well as those available in the
literature.

2. Modeling
A schematic view of nano-tweezers is shown in
Figure 1. These nano-tweezers consist of two
perfectly conducting nano-wires of length L with a
circular cross-section of radius R. The initial
distance between the two arms of nano-tweezers is
D.

Each arm of nano-tweezers is modeled as a
cantilever beam. It is subjected to a uniform static

magnetic field. Using the consistent couple stress
theory and governing the strain energy of bulk
(Ug), the bending strain energy is derived after
some elaboration and integration over the beam
volume (1).

Magnetic Field

Nano-Tweezers

> 4

Figure 1. Schematic view of nano-tweezers
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After some mathematical elaborations, the
governing equation is obtained as:

d'w _d’w
1+5 - =
(Lt )dx“ édx2
BZ
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— dw
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and the boundary conditions are:
dw
W(O)_K(O)_O
d3w d3w (3)
—(1)=——(1)=0
dx3( ) OIX2( )

3. Simulation and Results

Equation (2) is a nonlinear differential equation,
and there is no exact solution to it. Therefore, we
use the Homotopy Perturbation Method (HPM) to
obtain a semi-analytic solution for this equation.
In the absence of comprehensive experimental
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work and analysis on the instability behavior of
nano-tweezers made of immersed nano-wires in a
magnetic field, the model’s results in a particular
case (without magnetic field) are compared and
finally confirmed.
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Figure 2. The distance of the tip of nano-tweezers in terms
of different applied voltages: comparison with
experimental results

Continuing the simulation, Figure 3 shows that
increasing the size parameter surges the pull-in
voltage. In addition, this figure shows that Casimir
and van der Waals forces reduce the pull-in voltage
of nano-tweezers.

= =Casimir
= van der Waals
=== Neglecting dispersion forces
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Figure 3. The effect of size dependence on the pull-in
voltage of nano-tweezers

Figure 4 shows the effect of a magnetic field on
the performance range of nano-tweezers. The
results presented in this figure indicate that an
external magnetic field can reduce the performance
range of nano-tweezers. Also, increasing the
intensity of the external magnetic field leads to a
further decrease in the performance range of nano-
tweezers.

The parameter y in Figure 4 shows the ratio of
the diameter of the smallest particle manipulated
by the nano-tweezers to the initial distance between
the two arms. This parameter is inversely related to
the performance range of nano-tweezers.

Figure 5 shows the effect of Casimir and van der
Waals forces on pull-in voltage. The results show
that with increasing Casimir and van der Waals
forces, the pull-in voltage decreases.
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Figure 4. The effect of magnetic field on the performance
range of nano-tweezers
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Figure 5. The effect of dispersion forces on the pull-in
voltage of nano-tweezers

4. Conclusion

This study presents a mathematical model for
investigating the electromagnetic instability of
nano-tweezers made of nano-wire. The effect of
the induced longitudinal magnetic field in the
model is considered through proper modeling of
Lorentz’s body force. The governing equation of
nano-tweezers is obtained based on the consistent
couple stress theory to consider the size
dependence.

In addition, the effect of the Casimir and van der
Waals forces on the final equation is considered. A
semi-analytical response based on the Homotopy
perturbation method (HPM) is presented to solve
the nonlinear equation governing nano-tweezers
deformation. The results are compared with the
numerical solution as well as the results of existing
experimental tests. The outcomes show that the
size dependency has a hardening effect and
increases the instability voltage. Regarding nano-
tweezers, the effect of size dependence leads to an
increase in the performance range of nano-
tweezers, but in the case of ignoring the effect of
dispersion forces (i.e., Casimir and vdW force), the
performance range of nano-tweezers s
independent of the dimensionless parameter of the
size effect.

Examining the influence of the magnetic field on
the pull-in behavior of nano-tweezers revealed that
an increase in the magnetic field decreases the pull-
in voltage. Similarly, if the nano-tweezers have
higher permeability, their pull-in voltage reduces
significantly due to the magnetic field.
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