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Piezoelectric stack pump based on flexure hinge magnification

Qu Xing-tian,Dong Jing-shi,Guo Jun-chen,Zhao Hong-wei, Wu Bo-da
(College of Mechanical Science and Engineering, Jilin University, Changchun 130022, China)

Abstract : Based on piezoelectric precision drive technology, a hydro-pump using a piezoelectric stack as
actuator and a flexible hinge as magnifieation mechanism was prototyped and tested. The hysteresis
behavior of Tokin AE0505 D16 type piezoelectric stack was analyzed and its stiffness characteristic and
dynamic response charateristic were studied theoretically. A flexible hinge mechanism to magnify the
displacement was prototyped and the factor affecting its torsional deformation and torsional stiffness
were analyzed, and its structual parameters were proposed. The dynamic response, the amplitude-
frequency characteristic, the hysteresis behavior, and the force output versus displacement of the
flexible hinge were tested under different power supply excitations, and the factor affecting the
displacement magnification ratio and the output charateristics of the magnification mechanism were
found. The flexible himge was also analyzed by a FEM simulation software and its feasibility and
security were validated. The developed piezoelectric stack pump was tested under different input
signal voltages and frequencies and the effects of the input on the output flow rate and pressure of the

pump were obtained.
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Fig. 1 Hysteresis curve of piezoelectric stack
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Fig. 2 Dynamics modal of micro displacement actuator
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Fig. 3 Structure parameter single-axis flexure hinge
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Fig.4 Flexure hinge displacement magnification
mechanism
W/ L SR
x1 FUHERSHSHNLBER

Table 1 Testing result of flexure hinge dimension parameters

AR AR | R AR R OLAS | AR AR AR
t/pm /pm o/ (%) /pm r/pm /pm
0.2 118 3 83 0. 25 109
0.4 105 4 80 0.50 105
0.5 92 5 77 0.75 101
0.6 88 6 72 1. 00 97
0.8 78 7 68 1. 25 92
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Fig. 5 FEM result of flexure hinge
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Table 2 The 4th mode frequency of flexure hinge
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Fig. 6 Principle of piezoelectric stack pump
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Fig.7 Experimental system for piezoelectric

pump performance
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Fig. 8 Testing curve of input voltage influencing to
output flux and pressure
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Fig. 9 Testing curve of input signal frequency influencing
to output flux and pressure
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