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Abstract: In designing the fluidic based pressure sensor, the 
shape of the membrane is important in order to obtain maximum 
performance.  The material used and the liquid inside the sensor 
is also important and deserve proper consideration. . In this work, 
the analysis of the membrane, materials and liquid using finite 
element analysis (FEA) are presented. The FEA simulation of the 
different shapes including square and rectangular shapes  were 
carried out. The applied pressure and the dimension of selected 
membrane were varied in order to study the membrane 
performance.The result shows that the square shape produced  the 
highest displacement of 4.7 mm compared to the  other shapes.  In 
terms of dimension,  maximum performance can be achieved with 
a large area of membrane facing the applied pressure. The  
different types of membrane material andliquids that were used 
were also discussed. Two commonly used materials,  Polyimide 
(PI) and Polydimethylsiloxane (PDMS) were chosen for this 
analysis. As  for the liquids, methanol and propolyne carbonate 
were used. 
 

Index Terms: Fluidic, FEA, Membrane.  

I. INTRODUCTION 

There are many types of pressure sensor that are used in 
applications such as piezoresistive sensor, capacitive sensor, 
resonant sensor, pirani sensor and optical sensor [1]. 
Capacitive pressure sensor has been widely  used in various 
types of applications including automotive, industrial and 
biomedical [2,3]. The advantages of using the capacitive are 
more compared to others. Some of the advantages include 
high resolution, a robust structure and lower power 
consumption [4,5]. The challenge of using the  capacitive type 
sensor is the fabrication process for which silicon is the most 
commonly used  the  main material and it involves complex 
fabrication techniques such as deposition and layer etching 
[6]. Therefore, the fluidic technology was implemented in 
designing the pressure sensor. 

 A previous study proposes the use of the fluidic based 
pressure sensor  as shown in Fig.1 by Nawi et. al.,[7]. It 
consists of circular shaped membrane, microchannel and 
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sensing electrode. When  pressure is applied on the top of the 
membrane, the liquid inside the microchannel is forced  to 
flow. Fluidic technology offers a simple fabrication process 
and simple sensing technique that require a small amount of 
liquid to create the value capacitance [8]. Also, it has 
advantages in terms of damping characteristics where it is 
greatly enhanced to the external forces and is  able to sustain 
considerable shock. Microfluidic technology in devices 
development has been widely used for various types of sensor, 
including pressure sensors, flow sensors and temperature 
sensors [9,10].  Commonly used materials in microfluidic 
system are Polyimide(PI) and Polydimethylsiloxane (PDMS). 
PI has high resistance against many chemicals, high glass 
transition temperature, high dielectric constant and 
biocompatibility [11]. Meanwhile, PDMS is one of the major 
materials used in polymer microfluidics because of material 
elasticity, and gas permittivity. In microfluidic based sensors, 
the output response depends  on the liquid inside the channel. 
According to previous research,  common liquids inside the 
microfluid sensors are methanol and propylene carbonate. 
The software used in,  modelling related to shape structure 
and materials is the Finite Element Analysis ANSYS software. 
In this paper, we focus on the simulation of different shapes of 
membrane, variation of dimension and materials.  

 
Fig. 1 Fluidic Based Pressure Sensor [7] 

II. DESIGN AND METHODOLOGY 

A. Simulation analysis using FEA 

A simulation is used to find the select the suitable 
membrane shape based on the sensor performance. There are 
a few steps involved in the FEA simulation process for 
modelling structure. Fig. 2 shows the FEA simulation process. 

 
Fig. 2 FEA Simulation process. (a) design the sensor 

membrane. (b) construct a membrane structure. (c) Mesh 
is generated.  
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(d) Set up the variable and material properties. (e) Run the 
solver to get the result (f) The data obtained are evaluated 
The FEA simulation process is carried out in order to 

analyze and test the different shapes of membrane. The 3D 
geometry of  square, and rectangular membrane are shown in 
Fig. 2. Table 1 shows the dimensions of each shape, where the 
area and thickness are fixed at  100 mm2 and 0.50 mm, 
respectively. Then, the mesh is generated in the design before 
setting up the variable. Each face of the design is  assigned 
based on its function, such as input pressure and material. 
Data is obtained based on the results plotted after the solver 
finishes simulation. 
 

Table 1. Dimension for different types of membrane shape 
Type of 

membrane 
shape 

Length, 
a 

(mm) 

Width, b 
(mm) 

Thickness 
(mm) 

Surface 
Area 

(mm2) 
Square 10 10 0.5 100 

Rectangular 5 20 0.5 100 
 

 
(a) 

 
(b) 

Fig. 3 Different shapes of membrane (a) Square shape, (b) 
Rectangular shape. 

 
 

 
(a) 

 
(b) 

Fig. 4 Plotted contour for square shaped membrane (a) 
Displacement vector (b) Mises stress distribution. 

 
 The example of plotted contour for displacement and mises 
stress of square shaped membrane is shown in Fig. 4.  The 
color indicates  the different values for displacement as shown 
in Fig. 4 (a). At pressure 5kPa, the maximum displacement is 
2.35 mm as shown in Fig. 4(a). The color indicates  the 
different values at different points. The blue color indicates  0 
mm of deflection due to a fixed position and red color 
indicates  maximum deflection which is located in the middle 
of the membrane. Mises stress is also another parameter that 
can be accessed using the  simulation. Mises stress is used in 
the simulation to check whether it is sustainable for membrane 
to be used  based on the pressure range. According to  Fig. 
4(b), the maximum Mises stress value is 270 kPa. 
 

B. Selection of Materials 

Two different materials with suitable properties were used 
as the membrane for this analysis. The applied pressure is 
applied for PDMS and PI. PDMS is divided into three 
different properties which  depend on the ratio of base 
solution and curing agent. There are two mechanical 
properties that were  considered for  this analysis, which 
includes  Young's Modulus and poisson's ratio. The details of 
the  material properties are  listed in Table 2. Table 3 shows 
the details of liquids for methanol and propylene carbonate. 
The simulation was  done by applied the pressure to produce 
fluid flow inside a microchannel with the dimensions of  800 
μm x 800 μm that has a rectangular cross-section. The result 
in velocity was  plotted and the comparison was  made. 

 
Table 2 The material properties for PDMS and PI [13] 

PDMS (10:1) 
Young’s modulus 

(MPa) 
0.85 

Poisson’ratio 0.5 

PDMS (5:1) 
Young’s modulus 

(MPa) 
1.00 

Poisson’ratio 0.5 

PDMS (2:1) 
Young’s modulus 

(MPa) 
2.10 

Poisson’ratio 0.5 

PI 

Young’s modulus 

(MPa) 
2500 

Poisson’ratio 0.34 
 

Table 3 The liquid properties for methanol and 
propylene carbonate [14] 

Liquids Density 
(kg/m3) 

Dynamic viscosity 
(kg/ms) 

Methanol 791.8 5.9 x10-4 
Propylene 
carbonate 

1205 2.0 x 10-3 

 
 
 
 

b 

a 

b 

a 
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III. RESULT AND DISCUSSION 

The  findings were  obtained through  ANSYS Fluent 18.1. 
It has been  discussed in detail based on the membrane 
displacement  for variation of shapes, dimensions and 
materials. 

A. FEA Simulation 

Three different shapes of membrane was simulated  using 
the ANSYS Fluent 18.1 and the results were  obtained. Two 
different structures, which are square, and rectangular had 
been created to be tested based on applied pressure. Fig. 5 
shows the  findings of the drag force acting on different types 
of structures. The pressure within the range 0 to 10 kPa was  
applied on the top surface of the membrane and the result was  
recorded. Fig. 5 shows the graph for two shapes from which 
we can observe that the displacement  had increased as the 
pressure increased. The square shape produced the highest 
deflection compared to the rectangular and circular shapes. 
Therefore, the square shape membrane was chosen for the 
next analysis. 

 

 
Fig 5 Displacement-pressure for different types of 

shape 
 
Next, the dimensions of the square shape membrane was  

varied. The area of membrane within the range 60- 100 mm2 
was  selected for this analysis. Fig. 6 shows the plotted graph 
for the membrane displacement with respect to pressure for 
different areas. As expected, the highest performance of the 
sensor with larger area, which produced maximum 
displacement. In addition to that, the larger area, 100mm2 
produced the  highest displacement which was 4.6976 mm.. 

 

 
Fig. 6 Displacement-pressure of square shape 

membrane for different areas 

B. Evaluation of Sensor Performance 

The material properties as listed in Table 2 was  used for 
the square shape membrane. A variation of the pressure was 
applied for different material, including PDMS with different 
ratio and Polyimide (PI). Fig. 7 shows the deflection of the 
membrane versus pressure. The membrane of PDMS (10:1) 
material produced a higher displacement compared to the 
others. The maximum value of deflection is 6.5 mm. 
Meanwhile. the PI material produced the lowest deflection 
which is 0.0035 mm. Which shows that  PDMS (10:1) is more  
sensitive than PI. 

 
Fig. 7 Displacement-pressure for different materials 

For the next analysis, the applied pressure was  fixed at  5 
kPa, while the dimensions, including area and thickness were 
changed. The PDMS material was  used for this simulation. 
Fig. 8(a) shows the membrane displacement. As expected, the 
larger area with the  smallest thickness give the maximum 
performance of membrane displacement. However, the 
selection of final dimension must consider the limitation of 
the fabrication process. Besides that, the mises stress is 
recorded to study the sensor limitation. Fig. 8(b) shows that 
the highest mises stress was  1.26 x 107 N/m2 for the largest 
area and smallest thickness. However, the PDMS membrane 
cannot be broken or damaged during pressure measurement, 
because the tensile strength of PDMS is 2.24 Mpa [15]. 
Although, the thinness of the membrane produces highest 
displacement,) it  can still rupture when taken out over 
covering during the fabrication process[7]. In this simulation, 
the liquid is simulated inside microchannel 800 μm x 800 μm.   

We consider the steady laminar flow of an incompressible 
fluid with constant properties inside the microchannel. The 
moving liquid is forced  to flow due to the membrane 
displacement. As predicted, the velocity increased as the 
pressure increased as shown in Fig. 9. The comparison was  
made between methanol and propylene carbinate where it 
showed  that methanol has a better performance may be due to 
viscosity. As presented in Table 3, the viscosity of methanol is 
lower than propylene carbonate. For the next stage, the 
methanol was  selected. 
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(a) 

 
(b) 

Fig. 8 The performance of membrane (a) displacement (b) 
Mises stress 

 

 
Fig. 9 Velocity of liquid based on the pressure applied for 

methaol and propylene carbonate 

IV. CONCLUSION AND FUTURE SCOPE 

FEA analysis of  fluidic based pressure sensor was  
successfully simulated. The result showed  that  the square 
shaped structure produced a higher  value of displacement 
compared to the rectangular shaped structure based on 
applied pressure. The PDMS with ratio 10:1 was  selected for 
the sensor materials due to its high performance compared to 
others. The highest performance of the sensor was  achieved 
by choosing the largest area and smallest thickness. However, 
it  depends on the fabrication limition which will be the next 
scope of our work. 
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