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Abstract: This paper presents the mechanical modelling and finite elements analysis (FEA) based on cantilever and artificial hair cell MEMS as flow 
sensors. The structure of this biomimetic flow sensor consists of a single cylindrical hair cell which is perpendicular to a cantilever length of 10000µm. 
The Sensor performance is measured by the distribution of Stress occurrence and displacement. In order to  study the  sensor  force of 0.02N represent 

gas flow the force which is applied to cylindrical hair cell variation of  the width of cantilever and  height of the cylindr ical hair cell. The FEA result shows 
the highest stress  occurred as  the  width of the cantilever decrease while the displacement increase also when the width of  cantilever  decrease.  
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1 INTRODUCTION 
Micro-Electro-Mechanical Systems (MEMS) is the 
integration of mechanical elements, sensors, actuators, and 
electronics on a silicon substrate through the utilization of 
microfabrication technology [1, 2].  Flow sensors have 
attracted much attention due to their various applications 
such as controlling supply air in air conditioning systems [3] 
and injecting quantities needed  in automotive applications  
[4].  Development of  flow  sensor had been done by past  
researcherers  based on  various physical principles like 
momentum(mechanics), Doppler effect (acoustic), 
heatconduction (thermodynamics), pressure  difference 
(hydrodynamics), conductivity (electrodynamics) and 
nuclear resonance (nuclear physics) [5]. Development of 
sensors  based on cantilever  is the simplest device among 
MEMS  device and  it has  a bright future  for the  
development  sensors for  novel  physical, chemical  and 
biological  applications[6]. In order to sense physical fluid 
flow the piezoresistive doped to silicon cantilever. Gas  flow  
rate was  measure by analysis  the output from  strain 
gauge  that attached  to the  root  of the  cantilever beam.  
Meanwhile the sensor fabrication process was  

straightforward, 20𝑚𝑠−1 flow rate the maximum measurable 
flow  rate had been recorded.[7] Animals hair cells that 
respond to movements of a surrounding medium are the 
mechanoreceptors commonly found in creatures like 
crickets.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The spider-cricket’s escape behaviour is by exploiting the 
air motion  using 10s-100s of  filiform hairs,  space with 
small separations distances to  notice their predators 
movement [8]. Mimicking biological systems is executed in 
many ways such as ‘stealing’ sensor principles, 
morphological designs, materials properties, behaviour or 
any combination of these from nature. However, the main 
challenge is to efficiently exploit the lessons learned from 
nature into engineered technologies. Computational models 
nowadays play an important role to behave precisely like 
the MEMS devices which are to be developed. The 
advantages of simulation is that it enables the behaviour of 
the MEMS devices to be predicted quickly [9]. This FEA 
aspect regarding cantilever is based on stress distribution 
and displacement measurement, meanwhile materials of 
cantilever is silicon elastic anisotropy.  The external load 
force parallel to the cantilever and normal to vertical hair 
cell. Due  to the rigid  connection   between  the  horizontal 
cantilever and  the vertical  hair cell, a  mechanical  bending 
moment  is  transferred to the cantilever  as a result of the 
cantilever stresson top of cantilever surface. With a different 
dimension of cantilever it will have a difference stress 
distribution on top of the cantilever surface. An artificial 
haircell will use numerical analysis (FEA) approach that 
originated from mechanical engineering to predict 
mechanical responses to load.  The common overview of a 
hair cell comprise of a  filiform hair  attracted to a neuron 
and if this  neuron  is  bent  by  fluid  flow, it  produces  
output  reaction. Hair in crickets consist of two large 
mechano‐ sensory hair arrays, called cerci, residing at the 
crickets’ rear body, form the sensing part of a cricket’s 
escape mechanism [8]. Each cercus is covered with up to a 

few hundred mechanoreceptive hair�sensors with varying 
geometric and mechanical properties such as length, 
diameter and rotational stiffness. Each filiform hair has an 
elongated paraboloid shape which varies between 30 and 
1500 μm in length and 1 to 10 μm in base diameter [10]. 
Figure 1 illustrates the basic structure of the cercal sensory 
system found  in crickets’  skin. 
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Figure 1. Basic structure mechnosensory system of 
crickets[11] 

 

2 METHODOLOGY 
This section presents an overview of the developments of 
artificial hair flow‐ sensor.  Sensor modelling consists of 
rectangular horizontal cantilever with filiform hair attached at 
the free end (Fig. 2). When the external  load force  or  
pressure is applied to the  filiform hair due to the  rigid 
connection  between  the horizontal  cantilever and the 
filiform  hair,  a  mechanical  bending  moment is  transferred 
to the horizontal  cantilever,  inducing  the strain and stress.   
Basically  piezoresisitive  will  be doped  at  top  of the  
cantilever  surface,  piezoresistive effect will sense  the 
stress  of the  hair cell  and  change into electrical signal [12].  
Maximum  deflection occurs during force implementing  for  
cantilever  has  constant cross section  which can be  
computed by applying equation (1) [13].  
 

𝛿𝑚𝑎𝑥 =
𝐹𝑙3

3𝐸𝐼
                (1) 

 

𝛿𝑚𝑎𝑥 is the maximum deflection, 𝐹 is force loaded, 𝑙 is the 
length of  cantilever, 𝐸  is a  Young’s Modulus  of material  

where in this research is a  silicon is 1.124 ×  1011  𝑁𝑚−2 
and  𝐼 is a cantilever moment inertia. Figure 2 presents the 
schematic diagram sensor deflection where it has one fixed 
end and one free end with force/pressure implemented.  
 

 
 
Figure 2.Schematic diagram of the artificial hair cell 
deflection. 
 
Maximum stress,𝜎𝑚𝑎𝑥   can be computed using equation (2) 
for constant cross section cantilever. 
 

𝜎𝑚𝑎𝑥 =  
6𝐹𝑙

𝑏ℎ2
         (2) 

 

Parameter 𝐹is  force, 𝑙 is length of the cantilever, 𝑏 is the 
width and ℎ is the thickness [14] The FEM model  is studied 
by manipulating its dimensions ofcantilever (Figure 3). The 
model is treated as a solid body with material properties like 
silicon linear elastic isotropic.  Results were obtained after 
the distribution of stress subsequent to implementing the 
force to the top cantilever surface.  
 

3 RESULT  AND  DISCUSSION 
 

 
 

Figure 3.Model  dimension of  the Sensor 
 
The horizontal cantilever was fixed with size of 
thicknessand  length of 500µm and 10 000µm respectively. 
The heights of thecylindrical hair cell are 1000µm, 2000µm, 
3000µm, 4000µm, and 5000µm respectively, and the 
diameter follows the width of the cantilever, 𝑤 = 𝑑. 
Meanwhile, the dimensions of the cantilever width are 
500 µ𝑚, 1000 µ𝑚, 1500 µ𝑚, 2000µ𝑚, 2500 µ𝑚 respectively.  
The model is treated as a solid body with material 
properties of silicon linear elastic isotropic. For finite 
element  analysis (FEA ) to  generate mesh for  hair  cell,  it  
proposed to analyse the  stress distribution and structure  
deformation due to load  force applied figure 4(b) show the 
stress on the top  cantilever  surface. In mesh generations, 
triangular elements cells are selected by the  mesh free 
method (Mfree)[15].  Figure 4(a) show the mesh generation 
for sensor model. 
 
 
 
(a) 
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(b) 

 
 

Figure 4. (a)Mesh model for cantilever hair cell : (b) The  
Static Nodal Stress distribution on top cantilever surface 
 
(a) 

 
 
(b) 

 
 
Figure 5 (a)FEA  sensor output  for  stress distribution on 
top cantilever surface ; (b) FEA output for sensor 
displacement. 
 
The bio-inspired flow sensor with  500µm width and hair cell 
5000µ𝑚 heigth  has the highest   stress  value which was 

4.55𝑀𝑝𝑎. Meanwhile dimension of 2500µm width and hair 
cell 1000µm height provided the lowest stress value of 

0.29𝑀𝑝𝑎. As expected from the formula, thestress (σ) value 
is inversely proportional with the width(w) size of cantilever. 
From plotted graph5(a) and 5(b) output measurement of 
stress and displacement directly proportional to height of  
hair cell. When width size of cantilever decrease value of 
stress on top surface area cantilever will increase and when 
height of hair cell increase the stress on top surface area 
cantilever also increase.Figure 5(a) shows the plotted  
graph  for the stress distribution with different cantilever 
width size and height  of hair cell. 
 

4 Conclusion 
The study of the bio-inspired flow sensor  using  the finite  
element analysis has proved that different  dimensions  of 
hair cell sensor  gives a significant  cause  to the  stress  
distribution and displacement of  cantilever. MEMS-based 
air flow sensor featuring a free standing micro-cantilever, in 
sensing operations such as cantilever deform due to the air 
velocity, the resistance value will change. The change of 
resistance value is due to the piezoresistance layer 
whichwas deposited on top  of the cantilever surface. The 
highest performance of the sensor was accomplished by  

sensor dimension (500x500x10000)µ𝑚 and height 5000µ𝑚  
respectively. 
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