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Development of a Miniature Valveless Piezoelectric Pump

Student: Eric Huang Advisor: Dr. Ching-Chung Yin

Department of Mechanical Engineering
National Chiao Tung Univerisity

ABSTRACT

This thesis investigates experimentally the working principle of a valveless
micropump with an open chamber actuated by a circular piezoelectric unimorph.
Electrode of the piezoelectric buzzer is segmented into two semi-circular
portions driven by singe-phase or dual-phase AC signals with a phase difference.
The first symmetric mode, Wpp, .and=the first.antisymmetric mode, Wy,, are
excited to pump fluid inside the chamber.~ Resonant frequencies and
corresponding vibration modes: ofithe_buzzer are calculated by using the finite
element code ANSYS. Time-harmonic displacements of the unimorph induced
by dual-phase signals are measured and simulated by superposition method.
The experimental setup for measuring flow rate of the open-chamber micropump
driven by a buzzer is after Hasegawa et al (2005). Experimental evidence
indicates the resonant frequencies decrease due to fluid loading effect and by
reducing the gap between leading tube and the buzzer. The maximum flow rate
pumped by Wy mode is 133.13 ml/min and 9.63 ml/min by Wy, mode. It
occurs at the driving frequency slightly lower than the corresponding resonant
frequency. The fluid loaded resonant frequencies for the buzzer whose
backplane treated by hydrophobic process are lower than those without treatment.
It results that a further formulation is needed to determine the resonant

frequencies of fluid loaded structures exclusive of hypothesis of adding mass.



Keywords: Valveless micropump, Buzzer, Resonant modes, Fluid loading effect
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it EL
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EE = 2Kz (mm)
# (Hz) 5 10 15 20 25 30
N 1-RC

f‘:?' 5257 4,164 3,549 3,141 2845 2,616
T
N 1-RC

ﬁ“‘jf?' 5251 4,156 ‘31538 3,120 2,833 2,605
i #5
ey 0 -

. 5484 5078 5070 5,062 5,053 5,034
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AREAS
TYPE NUM

CIRCULAR DISE WITH PET-4 DISKE(free wibration)

B 2.3 ANSYS i firz = B

ELEMENTS

CIRCULAR DISE WITH PET-4 DISKE(free wibration)

=3

R T

v

\

W 2.4 @3]kl 5 B R iE
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o 11.445 22.891 34.336 45.781
5.723 17. 168 28.613 40.059 51.504

CIRCULAR DISK WITH P2T-4 DISK(free wibration]

2.5 @AM g 5 i Woo 4= A W] (2 4597 3,799 Hz)

o

11.52 231.04 34.561 46.081
5.76 17.28 28.801 40.321 51.841

CIRCULAR DISK WITH P2T-4 DISK(free wibration]

B 2.6 FAM g T 9 Wo 3= i Bl (2 =47 8,384 Hz)
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