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The normal frequency of smart beams was originated utilizing FEM [Ansys
and Comsol] code for first five modes by varying the position of actuator
from the fixed end of the structure, and it has a suitable arrangement with
analytically found the standard frequency. This paper includes learning a
resonance frequency analysis of laser optical fiber based on microcantilever
of designing magnetic actuator using Ansys and Comsol simulation.
The design of optical fiber includes Nickel cantilever, two magnets and one
coil that apply to force on the cantilever. After the current flows in the coil
domain, the shape of microcantilever will be deformed. It will move to
z- direction that depends on the force direction. Two methods including,
Comsol Multiphysics, Ansys and analytical equations have been utilized to
calculate the resonance frequency, current and force values. The simulation
results include calculating the current (magnetic current density) and effects
of the magnetic field of the coil on the cantilever (force calculation).
Utilizing this method is to limit faults (errors) of optical fiber laser between
transmitter and receiver system (detection system) for any time of cutting
coil when the signal of a laser passes through the coil. In conculsions,
resonant frequency (f_n) tuning using cantilivier presented in the resrach
have larger variable range by using simulations. However, the adjusting of
the system and changing the deminsions.Resolutions to this problematic
contain tuning the modes of resonant frequency to produce by cantilivier
with 2-magnets and coil when the signal pass from laser source. Based on
these simulations and characterization results, the proposed assembly can be
a good applicant for evolving a low price, high material platform for many
biological, laser optical fiber, communication, machine learning, biosensors
and biomedical applications.
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1. INTRODUCTION

Flexible structures frequently have low rigidity and slight material damping ratio. The excitation
may lead to critical large amplitude vibration and long settling time. These can result in fatigue, instability
and poor operation of the structures. Vibration control of flexible structures is a significant problem in
various science applications, particularly for the precise operation parameters in aerospace systems, satellites,
a magnetic actuator, flexible manipulators, laser optical fiber, modes of frequency resonance with transmitter
and receiver, transducer, biosensor of nanoantennas, etc. [1-3].
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Different kinds of cantilevers which are made of various materials have been advanced as
transducers utilized in biosensors [4-6]. Regarding actuating and sensing techniques, all the cantilevers can
be divided into two categories: passive and active. The passive cantilevers, such as silicon-based cantilevers,
need a separated system to actuate the device and typically utilize a separated optical system to
measure/monitor the vibration of the device. The active cantilevers, for example, piezoelectric-based
cantilevers, can be easily motivated by simply applying a driving field, an electric field(E) in the
piezoelectric, and the vibration behaviour of the active cantilever can be directly sensed/monitored, by
measuring impedance in the piezoelectric [7-9]. Because of the easiness and availability of the micro/nano-
fabrication method, silicon-based cantilevers are much more extensively investigated than others.
Additionally, silicon-based cantilevers show a higher Q value than piezoelectric-based cantilevers and laser
optical fiber [10].

The objective of this paper is to design a magnetic actuator that has microcantilever, two magnets
and coil by using a Comsol and Ansys simulation. The parts of magnetic actuator that are fifty turns coil,
Ni cantilever and two magnets. The voltage is applied to the coil to produce current flows when current
flows through the coil magnetic field occurs. After that magnetic field applies force on Ni (ferromagnetic
material) microcantilever. This force caused to deform the cantilevers [11], microcantilevers that use
magnetic actuation to utilize as mass sensors for bio-applications. The microcantilevers are made of
electroplated cobalt-nickel that has specific properties these are low conductivity and high saturation
magnetisation. Instead, the microcantilevers are stimulated by applying electromagnetic fields (E, H) [12].
Optical fiber sensors are classified depend on the position, operation principle and applications to three
groups. In the first group, optical fibers are divided as an extrinsic or intrinsic. In an extrinsic, the fiber is
utilized to carry light to and from an external optical device where the sensing takes place. Also, fiber is work
as a leader to deliver light to the sensing position. Despite the fact in an intrinsic case, the physical properties
of the fibers are focusing to change. These changes are works on the optical fiber to change approximately of
the light distinguishing as shown in Figure 1.

The main parts of the micro magnetic actuator should consist of a substrate, a coil, magnetic
physical, and a portable membrane [13]. The working principle of the device in literature is that the current is
useful to the coil, then a magnetic field is produced which interacts with the magnetic field of the permanent
magnet to produce a force. This force acts on the membrane thereby causing it to deflect. The deflection
primarily depends on the magnetic force generated by the coil and the magnet, and the restoring force of the
membrane [14, 15].

Electromagnetic actuators characteristically can be worked at substantially smaller voltages but
might require larger driving currents. Optical sensors typically work depend on emitting light to the surface
of the cantilever with a laser and analysing the location of reflected light to measure the beam
movement [16]. Figure 2 shows the optical detection for cantilever technique.
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Figure 1. Extrinsic and intrinsic fiber optic sensors [13] Figure 2. Optical detection for

cantilevers [16]

However, several studies projected utilizing multiplexing technique to decrease the number of
sources and detectors. For instance, in 2012 a set advanced a system for monitoring eight cantilevers [17].
This format involves of 8 Vertical-cavity surface-emitting laser and one photodetector. Also, it is probable to
use one CCD image screen as a detector for wholly biosensors. Yue et al. utilise one collimated beam as a
light source for 100 of cantilevers and distinguish their difference with a CCD plane [17]. In addition, having
high sensitivity and good determination, another benefit of optical laser detection is the ease of the
fabrication process for sensors which are going to be utilised with an optical laser setup. For any cantilever
sensor, there are two properties of the frequency response that are of central importance: the position of the
resonance frequency ( f;,) and the quality factor (Q-factor), given by Q = Af/f0, where Af is the FWHM of the
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resonance peak [18,19]. But, since detection in these sensors will be completed depend on light’s reflection
from a surface, it is significant to have a uniform surface to avoid light scattering [20].

Now that the magnetic flux density around the magnets is characterized, dynamic magnetic analysis
can be performed to determine how much voltage is expected to be generated with the chosen winding
configuration. The voltage generated by a coil is the derivative of the flux linkage with respect to time [21].
To narrow down the scope of the analysis, the general configuration of the magnets and the coils are
determined first. The simplest way to increase the change in magnetic flux is to use a strong magnet. Another
way to achieve the same is to use two different magnets that are attached side-by-side with different
dimensions [22]. It is evident that electromagnetic forces have the potential to generate large deflections [22].
Utmost of the magnetic microactuators advanced until now are dependent on the variable reluctance principle
and use soft magnetic materials [23]. Nevertheless, hard magnetic materials are deemed as desirable actuator
components because of their favourable scaling and the resulting potential for larger forces and larger
deflections, applicable to milli-scale actuators. Permanent magnet microactuators have been previously
confirmed either using hybrid assembled, commercially available permanent magnets [24, 25]. Development
of bio-sensing applications led to in a great interest in cantilever-based micro-resonators. Dynamic mode
sensing is typically favoured as it makes available a higher sensitivity in mass measurements compared to
static deflection measurements [24].

2. METHODS

Fabrication sequence of magnetic micro-actuator is shown in Figure 3 [25]. This process combine
ordinary micromachining methods “sacrificial layer methods”. The process stages are electroplating, screen
printing and lamination. Micro-fabrication of the Micro-cantilevers is depended on two lithography stages:
Electroplating stage and Sacrificial layer etching stage, as shown in Figure 4.
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Figure 3. Stages of the fabrication process of the Figure 4. Steps of fabrication of the cobalt-nickel
magnetic actuator micro-resonators

The membrane was fabricated by KOH etching of a silicon wafer [26]: LPCVD deposition of silicon
nitride; Spin on, expose and develop resistance; Plasma etches silicon nitride; Eliminate resist and Timed
KOH etching of silicon wafer to produce membranes, as shown in Figure 5.
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Figure 5. The membrane was fabricated by KOH etching of a silicon wafer with coil

Advantages of the magnetic actuator [23]: 1) Electromagnetic actuation has the benefit of
contactless movement; 2) The possibility of dropping power consumption in magnetic actuators can be done
by utilizing high ratio coils varieties electromagnetics an good-looking optimal of driving opinion; and
3) Necessary distinguishing of having the capacity to produce large forces which agrees on the approach of
devices with large deflection.

In this paper, the Comsol Multiphysics program has been utilized to get benefit from the tool and its
application areas to design microcantilever. The literature of the magnetic actuator is studied to understand its
basics. This research has culminated with designing of the magnetic actuator. At the same time, the magnetic
actuator was drawn by using Comsol tool to calculate current, magnetic field and force of coil on the
cantilever [26].

1.  First, the Magnetic actuator as Figure 6 and Figure 7 is created and drawn by using Comsol tool.

2. Specified element type of device and material properties; Young’s Modulus and Poisson Ratio, relative
permeability, relative permittivity, and conductivity for Ni cantilever, as Table 1 and Table 2.

3. Moreover, we also entered other material properties for coil and magnets.

Table 1. First part of search with (for Figure 6)

Elements Young’s Modulus (Pa)  Poisson Ratio  Relative Permeability  Relative Permittivity Conductivity (S/m)
Air (all system) - - 1 1 -
Ni cantilever 219e9 0.31 100 1 13.8e6
Magnet 5000 1 sigma(T[1/K]) [S/m]
Coil 1 1 3.7e7

Table 2. Second part of search with (for Figure 7)

Elements Young’s Modulus (Pa)  Poisson Ratio  Relative Permeability Relative Permittivity ~ Conductivity (S/m)

Air (all system) - 1 1 -

Ni cantilever 219e9 0.31 100 1 13.8e6

Magnet 5000 1 sigma(T[1/K]) [S/m]

Coil 1 1 6e7

The basic equations of the magnetic and electric field;
V-J=0 Q)
VxH=] (2
J=0E+]. ©))
E=-VV 4
B=VxA ()
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The basic equations of Ampere’s Law and Current Conservation;

VX (o 1, B) — ovx B =], (6)
B=VxA ()
V-]=0 )
D = ¢, E )

The equations of Magnetic and Electric Insulation;
nxA=0 (10)
n-J=0 (11)

Force Calculation;

12)
F= TdS
L
= | (r—ry) x (nT)dS (13)
a0
_ Tax (14)
[Tax|

Figure 6. The structure of magnetic actuator Figure 7. Magnetic actuator with N=50 turn coil
(first part) (second part)

The basic equations for the magnetic field;
B=VxA (15)
VxH=], (16)
The basic equations of Ampere’s Law;
VX (o ' 'B) — ovx B =], 17

B=VxA (18)
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The equations of Magnetic Insulation;

nxA=0 (19)
VX (o ' 'B) — ovx B =], (20)
B=VxA (21)

— N(Vcoil + Vind)

i 22
e ARcoil €coil ( )

The Comsol simulation will be compared with an analytical solution to verify that the same results
can be achieved. The magnetic force, F (N), on the microresonator based on the magnetisation of the CoNi
beam, M (A/m), and magnetic field gradient produced by the actuation coil [27];

F = pov(M X V)H (23)

where 1, (N/A?) is the permeability of free space, n (m3) is the volume of the micro resonator, V is
the gradient operator, and H (A/m) is the useful magnetic field.

3. RESULTS AND DISCUSSIONS
3.1. Simulation results

A Magnetic flux density norm using Ansys simulation, the 3D Plot Group 2 using Comsol
simulation and the 3D Plot Group 3 Comsol simulation are shown as Figure 8, Figure 9 and Figure 10,
respectively.
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The magnetic actuation of the system contains an electro-coil, two permanent magnets for
magnetisation of the cantilevers and a high-current coil. The first step is to design the model in the 3D figure
as shown in Figure 11, the two magnets have the same size and shape, and they are parallel with a distance
between them 24e-3m and the dimensions of each other are (3,15,11) e-3m. The coil is positioned in the
centre of the gap between magnets, the number of turns is 40, and the thickness of the wire is 0.127mm,
the outer radius of the coil is 10mm so, the inner radius is 9.746mm. Figure 12 shows the cross-section of the
coil. The magnetic actuation of were placed in parallel to each other in such a way to form a DC magnetic
field with magnetic lines (H) in the direction of the cantilevers. H makes magnetic dipole moments in the
nickel cantilever along the DC field lines. After the cantilever is excited by the AC magnetic field formed by
the electro-coil, the dipoles try to align themselves with the AC field vibrating the cantilever at the frequency
of the AC magnetic field. The electro-coil was optimised to create maximum AC magnetic field over the
cantilevers for the maximum current that can be obtained from the coil amplifier. We study the effects
between two magnets and coil on the cylinder as a cantilever, the principle of the work of this study that
when a current applied on coil, a magnetic field generated which studies with the magnetic field distribution
(H) of the permanent magnet to produce a force, this force acts on the cantilever so, the cantilever will
vibrate with a resonance frequency.
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Figure 12. The cross section of the coil used
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3.2. Analytical solution
When we compared the second part of the project simulation with the second part analytical
solution;

N (24)
B=to (z) !
FB=IlB (25)

Table 3 shows different values of frequency calculated from the equation in different length from (1-5) mm
with the values of frequency in Comsol simulation.

3.52 [(EI
f=:—3 = (26)
2wl? | pA
Where A is the area of the cross section of the cylinder (silica glass material), d = 125*10% m, E=73.1*10°

Pa, p=2203 (Kg\m?®): -

_ md* 27)

| = —
64

by substitution (2) in (1), we get

3.52d |E
f=222 2 (28)
8nl? [p

Table 3. Parameters of analytical solution

Parameter Value
Mo 411077
I (A) 1.9
L (m) 0.5x 1073
N (turns) 50
B (uoND/L
F ILXB
F(N) 0.0454
Lorentz force(N/m”"3) 0.3632¢e9

From Table 4, we saw that the values of analytical frequency for lower mode vibration is
approximate to the first eigenvalue in Comsol also the frequency decreases as the length of the cylinder
increases. Table 5 shows different values of frequency calculated from the equation for the mode of vibration
(mg, mz and ms) in different length from (1-5) mm with the values of frequency in Comsol simulation.

Table 4. Different values of frequency calculated with various length from (1-5) mm

L(mm) F1(Hz) Equation F1(Hz) Comsol
1 1.0039944e5 1.00076e5
2 2522461138 25153.2307
3 11210.938 11192.0518
4 6306.152 6254.9795
5 4035.9378 3918.83955

£ 64m2pl*f?

mid? (29)
md
fo =g zVE/P (30)
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Table 5. Different values of frequency for mode of vibration (mz1, mz and ms)
in different length from (1-5) mm

L (mm) Fi(Hz) F1(Hz) F2(Hz) F2(Hz) Comsol F3(Hz) F3(Hz)
Equation Comsol Equation Equation Comsol

1 1.008994e5 1.000763e5 6.41315e5 5.989104e5 17.678104e5 14.41526e5

2 25224.617 25153.2307 1.603288e5 1.557336e5 4.41952602e5 4.279887e5

3 11210.938 11192.0518 71257.26 69762.978 1.9642337e5 1.93684e5

4 6306.152 6255.3218 40082.208 39177.8604 1.1048815e5 1.09385e5

5 4035.9378 3933.1594 25652.613 24688.061 70712.416 68754.4271

For analytical calculations, vibration mode divided by 27 has been employed. Assume the cylinder is made of
Silica glass in cantilever with d = 125*10° m, E=73.1*10° Pa, p=2203(Kg\m®), 6=0.17 m;=1.875,
m2=4.730041, ms= 7.853205.

4. CONCLUSION

The techniques of tuning the resonant frequency include changing the dimensions of the cantilever
and 2-magnets and coil depending on the changing sizes, materials of the cantilever, source apply for this
system (laser, IR) or any source working and matching between the structure of this parts. Therefore; it was
concluded that applying loads to a cantilever is the best method to tune the resonant frequency of the
vibration based is compared to applying compressive methods. Results from many tests which use cantilever
platforms have shown that these sensors can demonstrate good sensitivity and high resolution. Moreover, for
smart materials will control the design in the relationships of decreasing the vibrations amplitude and
frequency to advance the efficiency of the designer in the new applications. Moreover, we study cantilevers
dimensions with their effect on resonance frequency ( f,). Unsing this technique for limit faults (errors) of
optical fiber laser between transmitter and receiver system (detection system) for any time of cutting coil
when the signal of laser pass through the coil.

This technique is suitable for low-cost multiplexed portable optical fibre laser to get the right new
positions of detection. In our future studies, we will progress the detection accuracy by a rise the turns of the
coil and improve the data by increasing the values of resonant frequency. The sensor technology confirmed is
significant as it is scalable to larger arrays for simultaneous and real-time monitoring of various biological
and chemical sensors.
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Appendix

A.

The vertical electromagnetic force F: acting on a magnet M. of corrected by the demagnetization effect
and volume V: from the equation;

dH, (31)

F, =M, dv

v dz
The static deflection of a cantilever beam, subject to a concentrated load at its free end given as

_FL? bh® (32)

0=3m =12

The relationship between the force and the deflection is given simply as:
F, = —kd, (33)
F: Force (N), d: deflection in z-direction, k: the spring constant for a membrane material

F,l, (34)

d;: is the deflection, F: is the applied force and D: is the flexural rigidity of the membrane material, Im: is
the length of membrane and c: constant value depends on case.
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