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Over the last few decades, technological advancements
and the tendency toward miniaturization have resulted
in the development of a new subject known as micro-
electro-mechanical systems (MEMS). MEMS have
many applications but our focus in this research was on
MEMS-based thermopneumatic micro pump. It consists
of a chamber, loaded with vapors or solution, a
diaphragm, and a temperature control system. It has
many advantages like low power consumption while
maintaining high performance and accurate dose
control. MATLAB fuzzy logic controller (FLC) is used
for the parametric estimation of the MEMS-based
thermopneumatic micropump. The effect of voltage and
frequency applied on the micropump were studied on
the back pressure and flow rate. The increase in voltages
and frequency were decreased the back pressure and
fluid flow rate. Similarly, with a decrease in voltages
and frequency were increased the back pressure and
fluid flow rate. The difference between the MAMDANI
calculated value and the simulated value from the rule
viewer is 1.61% for both the output of back pressure and
flow rate.
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Introduction:

Many micropumps have already been created utilizing various techniques for use in
MEMS. The thermopneumatic technique is one of the various techniques, significant in the
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categorization of mechanical micropump [1]. Looking for the benefits of the thermopneumatic
actuator it consists of compact size and cheap expense as well as low energy efficiency while
maintaining high performance and accurate dose control [2]. In addition, it can easily
manufacture by the lithography method. This kind of actuator has a chamber, loaded by vapors
or solution, diaphragm and the temperature control system [3]. This system includes the heater
and air conditioning module this will alter the pressure within the air chamber as a result solution
will be pumped back and forth between pump chamber using input and exit valves [4]. In
response, the diaphragm moves with a moderate voltage level. When temperature rises with the
heater, deforming the diaphragm and pressing the pump chamber in the process. In cooling
process, the lowering temperature will lower the pressure exerted on the diaphragm. Therefore,
the diaphragm returns to its normal position [5]. This change in pressure in the micropump serve
as the metrics for analyzing the performance. The quantity of solution pumpis primarily
determined by displacement of diaphragm, that in turn determined by the torque produced by the
actuators [6]. The change in pressure is described by the following equation (1).

AP = E(BAT — ) 1)

Where AP represents the change pressure, S represents thermal expansion, AT represents
AV
the temperature change, and — fepresents a percentage of volume change [7]. The resonance

frequency is governed by the stiffness characteristics of material which in turn influenced by
geometrical characteristics such as thickness and area of the micropump [8]. The diagrammatic
representation of the thermopneumatic micropump is shown below.
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Fig. 1. Diagrammatic representation of thermopneumatic micropump [9]

The pump chamber, on the other hand, causes heat to build up in the chamber. When heat
production is not an issue, thermopneumatic pump is a good choice for the application
Furthermore, the low thermal response is an inherent characteristic of this pump [10].
Thermopneumatic micropumps has a lengthy thermal time constant, which has restricted its
application. As a result, Woias et al in 2005 described the maximum frequency of
thermopneumatic pump to be around 50 Hz [11]. Van De Pol et al. (1990) was the first
researcher reported the thermopneumatic micropump in which fluid velocity was measured at 34
L/min and temperatures reached almost 30 degrees Celsius at 6 V [9]. The efficiency of the
system decreases above 100Hz as thermopneumatic micropump may not be capable to cool
enough the fluid [12]. The researchers of 2015 have demonstrated the thermopneumatic
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micropump without using the mechanical parts although this pump is classified under the
mechanical pumps. Parthasarathy et al. demonstrated that such pump operates based on Charles
Law, which specifies that volume is direct proportion to the temperature, the pressure remain
constant [13]. Chin and Tan et al. uses the thermopneumatic actuation method for their
applications as Biomedical and microfluidic devices respectively. Abi-Samra et al. represented
the TPP for the application as centrifugal microfluidic disc platforms [14]. The LC resonator
driven TPP was constructed by Chee et al. simulated findings showed that the heat chamber
reached 46.7°C in very little time of 40s following activating the micro heater [15-16].

Fuzzy Logic Controller (FLC) is used for simulation because it provides a very valuable
flexibility for reasoning[17]. Fuzzy logic is used to handle fractional or partial truths, where the
truth value may be completely true or false or may be in between of both. Relative importance of
precision is the core of the fuzzy logic. It is a technique to impose human-like thinking into a
controlled experiment[18][19].

In this work, a fuzzy logic controller was used to perform parametric estimate for the
development of a MEMS-based thermopneumatic micropump. When an electric voltage is
provided to the heater, the temperature of the air inside the cavity rises, which causes the
diaphragm to deflect. The pressure is created by the diaphragm deflection, and this pressure is
responsible for the fluid flow through the valve. The increase in voltages and frequency will
decrease the back pressure and fluid flow and decrease in voltages and frequency will increase
the back pressure and fluid flow.

Fuzzy system design:

To obtain exact output variable data based on the change in given inputs, input variables
have been defined in the fuzzy logic controller. Voltages, frequency, back pressure, and fluid
flow are the two input and output variables on the fuzzy inference editor, as illustrated in Fig.2.
It's crucial because fuzzy logic has a wide range of values between 0 and 1, which makes it
almost optimal.

Unitled

Voltage BackPressure

(mamdani)

Frequency FlowRate

Fig.2. Fuzzy Inference system for the thermopneumatic micropump
The input and output variable graphs were created using the MATLAB membership
function. A graph has been generated for each of the two unique entities. Figures 3-6 show the
graphs for the input voltage and frequency, as well as the output back pressure and flow rate. The
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range for the input parameters voltage and frequency were 1-30V and 1-20Hz, respectively. The
range for the output parameters back pressure and flow rate were 1-6kPa and 1-40ul/min,

20

respectively.
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Fig. 3. Membership function graph showing voltage 1(1-30V)
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Fig. 5. Membership function graph showing Back pressure (1-6KPa)
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Fig. 6. Membership function graph showing Flow Rate (1-40ul/min)

There are a total of 9 (3% = 9) rules for designing the fuzzy logic controller because there
are two input variables and three membership functions. The input linguistic variables are these
nine membership functions, and each set has a corresponding output linguistic variable. The
Hagen—Poiseuille equation is used to define the output linguistic variable. These rules are used to
generate the MATLAB FLC simulation results. The defined rules are shown in Table I.

Table I: Rules selected for MATLAB fuzzy logic simulations

Voltage(V) Frequency (Hz) Back Pressure (KPa) | Flow Rate(ul/min)
Low Low High High

Low Medium High High

Low High Medium Medium

Medium Low Medium Medium

Medium Medium Medium Medium

Medium High Low Low

High Low Medium Medium

High Medium Low Low

High High Low Low
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3D graphs are investigated using the rules. We have a three-dimensional graph as shown
in Fig. 7 and 8 in which voltage and frequency are the two inputs and back pressure and flow rate

is the output respectively.

BackPressure

Frequency Voltage

Fig. 7. 3D graph between the input voltage and frequency applied to the micropump with respect
to the output back pressure.

FlowRate

15

Frequency Voltage

Fig. 8. 3D graph between the input voltage and frequency applied to the micropump with respect
to the output flow rate.
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Fig. 7 and 8 show that the back pressure will be high as the applied input voltage and
frequency will low, and back pressure will be low as the applied input voltage and frequency will
high.

Results and Discussion

The MATLAB Rule viewer displays the rules defined in the rule editor. The
corresponding output crisp value of flow rate and back pressure for any two crisp values of the
input variables voltage and frequency can be viewed in the rule viewer as illustrated in Fig. 9.

Voltage=14.5 Frequency = 128
L el BackPressure =3.48 FlowRate= 204

4 30 1 20 —| —l

1 8 1 40

Fig. 9. Rule viewer to show up two outputs for the corresponding two inputs
For the calculations of the results, the input crisp values are selected, and their
corresponding output crisp values are noted. The selected input crisp values for voltage are
14.5V and frequency 12.8 Hz and the corresponding output crisp values for back pressure are
3.48 KPa and flow rate 20.4 ul/min as shown in Fig. 9. These values of membership functions
are calculated as:
Al=30-14.5/30=0.5166 V

A2=1-A1=0.4833 V
A3=20-12.8/20=0.36 Hz
A4=1-A3=0.64 Hz

For the corresponding membership function values Al, A2, A3 and A4, the following 4
rules out of total nine rules are selected. The Mamdani formula is used to calculate the minimum
membership function value (Gi) and the Singleton value (Vi). The total of all minimal
membership function values and singleton values is calculated, and by using these values the
crisp value of output is derived as shown below:
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For output 1
3" Mi=0.999
> (Mi x Si) =0.03197
Mamdani’s model =), Mi x Si /Mi* 100 = 3.537
Error calculation
Absolute error = theoretical — simulated value
= (3.537 — 3.48/3.537) *100
=1.61%
For output 2
> Mi=0.999
3" (Mi x Si) =0.20714
Mamdani’s model = [); Mi x Si /Mi] * 100 = 20.734
Error calculation
Absolute error = theoretical — simulated value
= (20.734 — 20.4/20.734) *100

=1.61%
Table Il: Comparison between simulated and calculated value and their percentage error
Output Simulated Value Calculated Value Error
Back Pressure 3.48 3.537 1.61%
Voltage 20.4 20.734 1.61%

Table Il shows the comparison between the simulated and calculated value and their
percentage error. The Crisp value of the output 1 from rule viewer is 3.48 and calculated value of
Mamdani model is 3.537. The error between the simulated value and the calculated value is
1.61%. The Crisp value of the output 2 from rule viewer is 20.4 and calculated value of
Mamdani model is 20.734. The error between the simulated value and the calculated value is
1.61%.

Conclusion

MEMS-based micropumps have gained a significant importance due to its wide
applications in biomedical sector as well as in industrial sector. In biomedical sector it is used for
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drug delivery within implantable systems. In industrial sector it is used during the manufacturing
processes for the delivery of small amount of glue. In this work MATLAB fuzzy logic controller
is used for the parametric estimation of the MEMS-based thermopneumatic micro pump. The
effect of voltage and frequency applied on micro pump were studied on the back pressure and
flow rate. The increase in voltages and frequency were decreased the back pressure and fluid
flow rate. Similarly with a decrease in voltages and frequency were increased the back pressure
and fluid flow rate. The difference between the MAMDANI calculated value and the simulated
value from the rule viewer are 1.61% for both the output of back pressure and flow rate.
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