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A study on the peristaltic waveform of valveless PZT pump using disk type multi PZTs

Y. B. Ham, J.- H. Park, D. H. Yun, H. S. Kim (KIMM)

ABSTRACT

For application to micro fluid control systems such as uTAS (Micro Total Analysis Systems) and DDS (Drug Delivery
Systems), it is very significant to handle precise and minute flow rates with low pressure pulsation. In this study, a novel
valveless piezoelectric pump using peristaltic motion with three disk type PZT actuators is presented. The newly devised
pump with an effective size of 70mmx60mmx55mm has three actuator layers connected in series from inlet to outlet. The
PZT actuator has a maximum displacement of 240 pm and a maximum force of 1.6 N. When the driving voltage for PZT
actuators is sequentially applied with a certain phase shift, the pumping is performed by peristaltic motion of liquid volume.
The working fluid is shut off without the driving voltage. Three methods for sequential driving are proposed and
experimentally investigated. First and second methods utilize an intermittent sinusoidal waveform with phase shift of 90° and
120°, respectively. Third method uses a rectangular waveform with phase shift of 90°. A controller with multi-phase shifter is
designed and fabricated. Then, frequency and voltage-flow rate characteristics and load pressure-flow rate characteristics are
experimentally investigated to verify the validity of the developed pump.
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Fig. 1 3-D Modeling of valveless PZT pump
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Table 1 Specifications of PZT Bi-morph

Classification Shim PZT

Diameter [mm] 50 45

Thickness [mmn] 0.2 0.3
Meterials Brass Ceramics

Fig. 2 Motion of disk type bi-morph PZT actuator
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Fig. 3 Block diagram of high voltage driving unit with the
peristaltic waveform
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Fig. 4 Internal fluid flow passage of valveless PZT pump
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Fig. 5 (b) Smusondal waveforms with phase shift of90’7
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Fig. 5 Define of peristaltic waveform
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Fig. 6 Experimental setup for testing a valveless PZT
pump
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Fig. 7 Experimental result of outlet flow rate variation
depending on the driving waveform
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Fig. 8 Experimental result of outlet flow rate variation
depending on the input voltage
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