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 Biosensors depend on cantilevers have developed a promising tool for 
detecting biomedical, optical laser communication and many fields of 

interactions with high accuracy. We modeled the operation of cantilevers 
with two magnetic and coil using Ansys program. This simulation technique 
can capably be used to select the appropriate design and dimensions of 
cantilever with the geometry of system. The primary main of the magnetic 
design is to improve the geometry of the coil and shape to yield a highly 
uniform for 3D of optical fiber includes Silica Glass and Nickel cantilever, 
two magnets and coil that apply to force on the cantilever cylinder is using as 
a cantilever in the designing of this case. Results from many assessments 
which usage micro-cantilever have made known that these biosensors can 

demonstrate good compassion and high resolve. Additionally, for smart 
materials will regulator the strategy in the associations of reducing the 
vibrations amplitude and frequency to development the effectiveness of the 
designer in the new uses. Purposes to this problem comprise modification the 
approaches of numbers the resonant frequency to yield by cantilivier after the 
signal pass from laser system. The experimental of mode resonant frequency 
(fn) of 3933.1594 Hz illustrations reasonable agreement with the Comsol 
model being within 10% of the expected result. 
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1. INTRODUCTION  
A cantilever is a beam supported on only one end. The shaft transfers the load to the support where 

it has managed the moment of force and shear stress. The magnetic field distribution (H) from two permanent 

magnets was demonstrated to support in the design of a magnet system for optical fibre laser studies to be 

achieved in the Laser-Matter Interactions Laboratory [1]. Cantilevers were presented as a sensing element of 

different recognition systems because of their high sensitivity. The chemical detection in the air has been 

confirmed in resonant frequencies [2, 3]. Currently developing small and inexpensive methods for 

monitoring various analysis and calculations of the resonance frequency in laser optical detection for 

cantilever with two magnetic and coil factors is one of the increasing demands in life science [2]. 

Cantilever based sensors are being studied for their high sensitivity and in assortments of requests 

by many researchers [4]. They are a sensitive deflection or modification in the numbers of mode frequency 

sensors. Cantilever sensors are presently utilized in two basically different methods, which may be 
represented as a static mode and dynamic (resonant) mode. The static method of procedure holds same 

promising potential for biomedical requests [5]. 
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The bending and resonant frequency shift of the cantilever can be measured with high accuracy 

using optical fibre reflection method. One of the advantages of the cantilever method is that both bending and 

resonant frequency can be measured in a single measurement [6]. Dynamic cantilevers are normally not 

appropriate for application in which the sensors should be placed in an aqueous environment. This is because 

the damping outcome in resolution can move cantilever’s resonance frequency as shown in Figure 1. In this 

situation, to have a sensing system with high solution, it might be important to have an identical complicated 

the format designer [7] as shown in Figure1. As the spectral locations of the resonance frequencies are sure 

of the cantilever geometry, material types and mass, a modification in mass will origin a shift in resonance 
frequency. By way of the sizes of the cantilever's reduction, the sensitivity rises, suggesting that resonant 

cantilever sensors have the future potential of distinguishing the mass of different molecules [8]. Some 

approaches have been advanced to actuate cantilevers and detect the resonant motion. The utmost usually 

used are designated in the review article by Stemme [9] and comprise electrostatic actuation and optical fibre 

laser detection [8]. 

 

 

 
(a) 

 
(b) 

 

Figure1. Resonant frequencies of cantilever (a) Static, (b) dynamic [8]. 

 

 

Optical sensors typically study depend on emitting light to the surface of the cantilever with a laser 

and analysing the location of reflected light to sensitive the beam movement [10]. Figure 2 shows the optical 

detection for cantilever technique. 
 

 

 
 

Figure 2. Laser source for cantilevers detection system [10]. 

 

 

However, several studies projected utilizing multiplexing technique to decrease the numeral of 

sources and detectors. In 2012 a set advanced a system for monitoring eight cantilevers [11]. This format 

involves of 8 Vertical-cavity surface-emitting laser and photodetector. Correspondingly, it is probable to 

utilize 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 [11]. In addition, taking 

high sensitivity and respectable determination, another benefit of optical laser detection is the ease of the 

fabrication procedure for sensors which are going to be utilised with an optical laser arrangement. For any 

cantilever sensor, there are two properties of the frequency response that are of central importance: the 

position of the resonance frequency (    and Q-factor, given by Q = ∆f/f0, where ∆f is the FWHM of the 
resonance peak [12, 13]. But, subsequently detection in these instruments will be completed depend on 

light’s reflection from a surface, it is significant to have a uniform surface to evade light scattering [14]. 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 [15]. 

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 [16, 17]. 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Evaluation and calculations of modes resonant cantilever for laser optical fiber … (Mohanad Aljanabi) 

977 

2. METHOD 

In an electromagnetic field, two permanent magnets are utilizing to yield a strong magnetic field and 

coil is utilizing as the conductor with the vibration of the cantilever. In Figure 1, the magnetic field (H) is 

uniform. The H cut by the coil varies with the relative displacement between 2 magnets and the coil. The emf 

is assumed by [18]: 

 

         
  

  
 (1) 

 

B is the flux density going through the coil, and dz/dt is the relative velocity between the 2magnents 

and the coil with the vibration of the cantilever with passes the light from a laser. For Figure 1, the H varies 

with the distance apart from the 2-magnets and the emf is given by [19, 20]: 

 

         
  

  

  

  
 (2) 

 

Where S is the active area of the coil and dB/dz. For an unassuming elastic beam problem with uniform 

cross-sectional area, a recognized normal frequency can be designed by: 

 

       (     (           (3) 

 

Where A and I are the area of cross-section and the length of the flexible beam, βl is a constant relative to the 

vibration bound state. The constant βl for five resonant frequencies of a cantilever shape 14.41526e5, 

4.279887e5, 1.93684e5, 1.09385e5 and 68754.4271 Hz respectively. EI is the equivalent bending stiffness. 
Cantilevers are attractive as sensors because they make available easy and good sensing with high  

sensitivity [21, 22]. 

 

 

3. RESULTS AND SIMULATIONS 

The goal of our simulations, evaluations and calculations is to design the system for modes of 

resonant frequencies for Laser optical fiber biosensors assembly with vibration of the cantilever beam by 

apply the laser source for this system, which can measure the numbers modes of vibration when the signal 

pass from laser source. The biosensor is implemented by using optical fiber transmitter, receiver group, 

oscilloscope, cantilever, power supply, (laser or IR) source, two permanent magnets have the same size and 

shape and one-cylinder coil and AC source. The principle of this study that when the magnetic field 
distribution of the permanent magnet to produce a force, this force performances on the cantilever beam  

accordingly, the cantilever will vibrate with modes of a resonance frequency as shown in Figure 3. 

 

 

 
 

Figure 3. Schematic view of the 2- permanent magnetic and one-cylinder coil with coating Ni; vibration of 

cantilever beam [23]. 

 

The magnetic actuation of were located in parallel to each additional in such a technique to form a 

DC magnetic field lines (H) in the direction of the beam. H varieties magnetic moments in the coating 

cantilever along the DC field. After the cantilever is animated by the AC magnetic field designed by the coil 

effective, the H attempt to make even themselves with the AC field exciting the beam at the frequency of the 
AC magnetic flux. 

Silica Glass cylinder is using as a cantilever in the designing of this case, where outer radius 

r1=62.5e-3mm, inner radius r2=25e3mm, length L=5mm, E=73.1e9Pa, ρ=2203(kg\m3) and σ=0.17, 

analytically we can find the frequency of vibration mode from the equations below: 

 

  
    

    
√

  

  
 (4) 
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 (5) 

 
Where I refer to of the second moment of area. By substitution (5) in (4) we get: 

 

  
     

    
√

 

 
 (6) 

 

  
         

 

  
    (7) 

 

   
  

  

    
√    (8) 

 

The cantilever utilized in this study is fabricated utilizing an easy, single mask process utilising 
many stages [24-26]. Using Ansys code of the research presents the design, simulation as shown in Figure 

4(a&b) shows the coil between two magnets in 3D. The numbers of mode vibration with and without coating 

the cantilivier as see in Table 1. Moreover, the force acting can be calculated analytically by the equations of 

the magnetic field as follows: 

 

        (9) 

 

        (
 

 
)   (10) 

 
By substitution we get: 

 

       
  

 
 (11) 

 

Where;    : Force (N), : current (Amp), : length of wire (m), : length of coil (m), N: number of turns.  

  : Magnetic flux density (web\m2), (T),   : permeability of free space (N\A2), 

H : magnetic field (A\m). The PLANE13 was utilised in the permanent magnets, the permeable air and the 

iron material regions. We have similarly designed the    by using (6) and Table 2 gets the results from 
simulation and theoretical designs. As can be seen in this table, both values are in good agreement with each 

other [27]. 

The experimental    of 3933.1594 Hz illustrations reasonable agreement with the Comsol model 

being within 10% of the expected result. The values of resonance frequency from the experiment are being 

compared with the simulation results [28]. Simulation and experimental values are very close to each other. 

For analytical calculations we used mode of vibration with and without coating the cantilivier as see in Table 

1. From equations leading electromagnetic field the generated energy reductions with device parameters and 

reducing input harmonics vibration [28-30]. Then Figure 5 appears simulation of two magnets and coil in 2D. 

Figure 6 shows that simulation of two magnets and coil in 2D when the applied magnetic field for the box in 

the air.  
In Ansys program, the force between two magnets had been simulated in 3D as shown in Figure 7 

file code Ansys force between two per magnet. Figure 8 shows the distribution of the magnetic flux density 

in the final design of the system. 

 

 

Table 1. Modes of vibration with and without coating the cantilivier 
Values of frequency without coating 25153.2307Hz 1.557336e5Hz 4.279887e5Hz 

Values of frequency with coating by Ni 25153.479Hz 1.557351e5Hz 4.279886e5Hz 

 

 

Table 2. The results and calculations of modes in resonance frequencies of the system 
L (mm) F1(Hz) Equation F1(Hz) Ansys F2(Hz) Equation F2(Hz) Ansys F3(Hz) Equation F3(Hz) Ansys 

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 
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Figure 4(a). Simulation of the flux density in 3D 

 
 

Figure 4(b). 3D simulation of two-pole 

configuration 

 

 

 
 

Figure 5. Simulation of two magnets and cylinder 

coil in 2D 

 
 

Figure 6. Simulation of two magnets and coil in 2D 

when the applied magnetic field for the box in the air 

 

 

 
 

Figure 7. Magnetic force distribution in the magnets 

 
 

Figure 8. Distribution of H in the final design of the 

system 

 

 

4. CONCLUSION 

The methods of modification of the resonant frequency contain varying the sizes of the cantilever 

and two magnets with variable coil conditional on the altering dimensions, supplies of the cantilever, source 

apply (laser) with assembly system [31]. Results from many assessments which usage micro-cantilever have 

made known that these biosensors can demonstrate good compassion and high resolve. Additionally, for 

smart materials will regulator the strategy in the associations of reducing the vibrations amplitude and 

frequency to development the effectiveness of the designer in the new uses. This system is appropriate for 
low-price with movable laser biosensors assembly to become the right new locations of detection.  
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Modern studies, we will improvement the detection truth by an increase the numbers of turns coil 

and progress the information by rising the standards of numbers in modes of frequencies. The biosensor 

technology and smart materials complete are significant as it is mountable for instantaneous for several 

biomedical devices and laser optical fiber, communication for approximately sensitive biosensors system. 

When compare this method show less time uncontrollable and cost real, in comparison to various 

extra alike applications. This system is identical simple to implement, a varied range of frequencies, 

dependability and accuracy to get good results.   

Nevertheless, the modes of resonance frequency can influence of 68754.4271 Hz for five mode and 
the shift o/p is enlarged by approximately 34.21% despite the fact 0.54 times of the critical  system is useful 

of force applied [32]. 
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