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Abstract

Due to the rise of biological and MEMS technology in recent years, some micro flow system com-
ponents have drawn attention and been developed by many investigators. The importance of mi-
cro-pumps manufactured is higher than the other part of micro flow system since it is the power
source of the entire micro-flow system and responsible for driving working fluid in the microflui-
dic system. In actual operation, the instability and bad dynamic characteristics of the micro-pump
will cause larger fluid flow mobility error, such as transport behavior and response procedures
failure, etc., and even damage the microfluidic system. Therefore, to investigate the stability and
dynamic characteristics of a micro pump is necessary. The Finite element analysis (FEA), ANSYS
Workbench, is employed to analyze the dynamic characteristics of this micro pump, and experi-
ment is also considered in this study.
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1. Introduction

A micro fluid system driven by fluid system, like the human circulatory system, is the driving force source of
the entire micro fluid flow system. And its feature is that it can a precision delivery of micro liquidity body, such
as micro-pumps, micro valves and micro-sensors in the chip to conduct the biochemical reactions, separation
and detection, and to increase the fuel injection efficiency by micro-pump delivery. At recently, miniaturization
component is very widely applied in high precision industry, so miniature pumps will be a key component of in-
dispensable.

Conducting research objective prediction, the micro fluid system future is bound to widespread use of its fluid
delivery. This system will be through the high-performance micro-pumps provide impetus and accurate delivery
flow, so the micro-flow system is also worthy to study. The micro-mechanical piezoelectric pumps are focused
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to investigate in this work. A diagram of this micro-mechanical piezoelectric pump is In this figure, a thin film,
like as the cantilever mechanism, to drive the inlet and outlet valves, and its stability and dynamic characteristics
affect the fluid flow accuracy. So to understand the micro pump actuation mechanism and exclude the actuation
of the adverse factors, to increase the fluid current accuracy of control and precision density, and the other by
understanding, of the future of energy design a decrease unstable phenomena institutions to serve the material
and reduce processing costs, improve the overall Precision machining technology is the aim of this study. For
the micro pump system study, Spencer et al. [1] investigated the piezoelectric film pump, membrane pump,
subsequent research on thin-film micro pump driven pneumatic as Pol et al. [2] were found as Figure 1. Some
researchers as Zengerle, etc. [3], W. Zhang et al. [4], Stemme et al. [5] and Benard et al. [6], they designed dif-
ferent types of micro-pumps, their operating conditions and performance made a big difference. Some studies
turned to their attentions to the micro pneumatic pump, such as [7]-[10]. The outlet valve will dominate the dy-
namic characteristics of a micro pump. Therefore, the outlet valve is focused to investigate in this micro pump.
To simplify, a cantilever beam type is employed to simulate the outlet value of a micro pump, as [11].

This outlet valve of a micro pump is also selected to study in this work. The finite element method, FEM, is
employed to analyze the dynamic characteristics of a piezoelectric micro pump. An experimental analysis is also
used to identify the dynamic properties accuracy.

2. Finite Element Analysis

The micro pump, Microjet PS31U5 piezoelectric micro pump, is employed to study. According to the literature
published [13], the valves material of a micro pump, PDMS material i.e. Poly Dimethyl Siloxane, is used to
study in this work. Table 1 shows the material parameters for this PDMS. Analysis software ANSYS Work-
bench is employed to study the dynamic characteristics of a micro pump. Element type Solid 187 is considered
in this investigation to simulate the complex micro pump outlet valves. It is the three-dimensional 10-node enti-
ties, each node has X, y, z direction of displacement of the three degrees of freedom, elements have secondary
displacement for irregular grid. This element has plasticity, super-elastic stress enhancement, large deformation,
large strain characteristics, can also reduce free mesh problems caused by poor accuracy.

The material parameters, such as Young’s modulus, Poisson’s ratio and density, are set as a polydimethylsi-
loxane (PDMS) for this micro pump valves. Then, these elements will be meshed into very small elements. This
mesh process must note the size and shape relations. After generating the grid produced, the boundary condi-
tions of the micro pump valve have been set in this work. Finally, the finite element model can be to analyze and
its results must be compared, verify its accuracy and converge analysis. Conversely, if the error is too large, it is
necessary to return to pre-treatment part and to check material parameters or boundary conditions, and then re-
analyzed.
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Figure 1. A diagram of this micro-mechanical piezoelectric pump [12].

Table 1. Material parameters for PDMS [13].

Material parameters Unit
Young’s modulus 1.53 MPa
Density 1051.3 kg/m®
Poisson ratio 0.49
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3. Discussion and Results

This paper studies the dynamic characteristics of piezoelectric micro pump. By using the finite element analysis
software ANSY'S Workbench, the natural properties, dynamic characteristics of a micro pump can be studied.
To make the results accuracy, experimental analysis is also considered in this work.

3.1. Finite Element Analysis

First, the convergence of results is necessary in finite element analysis. Figure 2 shows the convergence of the
first natural frequency for a micro pump. If the number of elements meshed is over than 4463, the first natural
frequency will be converged to 18 Hz. Therefore, the 5000 elements meshed are selected to solve in this finite
element analysis for this micro pump outlet valve. After the finite element analysis, the dynamic characteristics
of micro pump valve can be observed. The natural frequencies and its corresponding mode shapes are found in
Figure 3 displays the 1st natural frequency and mode shape in the color contour and displacement vector. In this
figure, the largest vibration displacement occurs at the center of valve. That the branches of valve have the larg-
est vibration in out of plane direction at 35.7 Hz is found in second mode. For same reason, it is found that the
branches of valve have the largest vibration in plane direction at 35.8 Hz. The torsion mode of the branches of
valve can be found. Table 2 shows the natural frequencies of a micro pump valve.

20

19.5F

19
18.5 ¥

181

Frequency(Hz)

17.5F

1,000 2,000 3,000 4,000 5,000
Element

Figure 2. The convergence of the first natural frequency of a micro pump outlet valve.

@
Figure 3. The 1st mode shape at 18.1 Hz. (a) Color contour; (b) Displacement vector.

Table 2. Natural frequency of a micro pump valve.

Mode Natural frequency (Hz)
1 18.1
2 35.74
3 35.79
4 77.04
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3.2. Experimental Analysis

The experimental analysis is also considered in this work. An experimental setup is displayed in Figure 4. In
this setup, a Laser displacement meter is employed to measure the vibration of the piezoelectric actuator and
outlet valve of a micro pump. Figure 5 shows the time response of a piezoelectric actuator of a micro pump. In
this figure, the perfect harmonic waves in this time response are found. This wave is excited by the piezoelectric
actuator in a micro pump. Both the vibration waves of the piezoelectric actuator and outlet valve in a micro
pump are considered to compare. Figure 6 illustrates the time response of an outlet valve of a micro pump. Be-
cause the residual vibration of is found as the outlet valve is operating. Therefore, the no perfect harmonic
waves of the outlet valve when the piezoelectric actuator excites. However, both the frequencies of waves of the
outlet valve and piezoelectric actuator are identical.

Frequency response is also considered in this work. Figure 7 shows the frequency response of a piezoelectric
actuator of a micro pump. In this figure, the lowest vibration frequency of the piezoelectric actuator is 28 Hz
when this actuator is excited. For the outlet valve, the frequency response is also considered as shown in Figure
8. From this figure, the vibration frequency of the outlet valve is also 28 Hz. For both the piezoelectric actuator
and outlet valve, the lowest vibration frequencies are identical when the actuator is excited.

Figure 4. A photo of the experimental setup.
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Figure 5. Time response of apiezoelectric actuator of a micro pump.

< X:132.1951 ms Y:18.22289 um
TCapture 1 Capture
2.5E-05
m
Real
-2.5E-05
0s 200 ms

Figure 6. Time response of an outlet valve of a micro pump.
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Figure 7. Frequency response of apiezoelectric actuator of a micro pump.
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Figure 8. Frequency response of an outlet valve of a micro pump.

4. Conclusions

The natural properties of a piezoelectric micro pump have been investigated. The following conclusions can be
drawn from this study.

1) Results show that the finite element analysis can be employed to study the natural properties of a micro
pump.

2) Because the simulated PDMS is softer than the actual outlet value, the lowest natural frequency of the si-
mulation is lower than the experiment.

3) Although the time responses of the actuator and outlet valve match very well, that the vibration frequency
of the actuator is same as the outlet valve in a micro pump when the actuator is excited is found.
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