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Abstract: In order to achieve cell-level operations such as cell capture, cutting, separation, and injection,
a flexible parallel piezoelectric positioning stage for biocellular engineering was designed , modeled, simu-
lated, and tested in this paper. The positioning stage consisted of a moving platform, a base, a three-stage
amplification mechanism, and three piezoelectric actuators. The displacements generated by the piezoelec-
tric actuators were amplified by the three-stage amplification mechanism, and the precise movement of the
positioning stage was realized through feedback control, so as to achieve the target positioning effect. In
the design process, the pseudo-rigid-body method combined with the flexible hinge stiffness calculation

model was adopted to analyze the kinematic statics of the mechanism. The Lagrange equation was used to
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establish the dynamics model of the designed flexible parallel piezoelectric positioning stage using the

lumped mass method. After determining the structural parameters, finite element analysis was carried out

to verify the derived theoretical model, and the simulation results showed that the error between the theo-

retical and simulation models was less than 10%, and the mechanism was able to achieve a large stroke as

well as a higher frequency of motion. In addition, a prototype system for the flexible parallel piezoelectric

positioning stage was also built and experimentally tested to evaluate its open and closed loop perfor-

mance. The experimental results show that the designed positioning stage has a working stroke of

125 pm X126 pm, the natural frequencies in the X-direction and Y-direction are 128. 9 Hz and 132. 8 Hz,

and the corresponding motion resolution are both better than 400 nm, respectively.

Key words: cell micromanipulation ; piezoelectric actuators; flexible parallel mechanism ; micro-positioning stage
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Fig.1 Block diagram of the cell micromanipulation system
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Tab. 1 Geometric parameters of the positioning stage
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Fig. 5 Diagram of simplified 3-PRR kinematic chain
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Tab.3 Comparisons of different positioning stages

SCHR TAEZS 8] /pm x/y B4 45 % /Hz x/y 53 HEEE/pm 2/ y Wi R B IA] /ms
[20] 16.5X16.8 2162/2 303 — —

[21] 31.5X31.5 570/585 — —

[22] 321.5X321.5 128.6/128.6 5/5 —

[23] 165.8X5.4 78.7/78.7 0.18/0.18 —

[24] 2400X2618 49.8/49.8 0.1/0.1 —

[25] 700 X700 45/45 — 100/100
A 125.0X126.2 128.9/132.8 0.4/0.4 91/95
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