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Abstract: In addressing the performance requirements associated with macro-stroke applications, such as
high precision, substantial load capacity, and multi-degree-of-freedom functionality for tasks involving cell
puncture, micro-operation, and micro-assembly, a novel three-degree-of-freedom parallel stick-slip driv-
ing platform utilizing piezoelectric compliant mechanisms was proposed. The integration of macro fiber
composite with the arch driving mechanism constructed a driving unit that facilitates stick-slip actuation,
enabling large-scale, high-precision motion of the parallel platform. Furthermore, the implementation of

cylindrical support significantly enhanced the platform'’s load capacity, while universal bearings mitigate
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non-driven friction, thereby improving overall motion performance. The finite element method was uti-
lized to establish the static model of the compliant arch driving unit, followed by simulations and analysis
of output displacement and natural frequency. An experimental test system was subsequently developed to
validate the output performance of the platform. Experimental results indicate that the piezoelectric stick-
slip platform, operating in stepping mode, achieves maximum single-step translation displacements of
294.7 pm and 304. 5 pm along the X and Y axes, respectively, as well as a maximum single-step rotation
angle of 9.96 mrad around the Z axis, with a maximum vertical load capacity of 110 N. In scanning
mode, the displacement resolutions for translation and rotation are recorded at 6 nm and 0. 28 prad, respec-
tively. Thus, the designed parallel piezoelectric stick-slip platform effectively satisfies the performance cri-
teria required for precision micromanipulation tasks.

Key words: piezoelectric actuation; compliant mechanism; stick-slip motion; three degrees of freedom
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Fig.1 Schematic diagram of stick-slip platform
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Tab.1 Main parameters of arch driving mechanism (mm)

Symbol Value Symbol Value
a, 0.7 b, 32.0
a, 0.4 b, 7.7
a, 0.7 by 10.0
a, 0.7 b, 11.0
as 0.4 bs 17.0
r 11.5 b 20.0
7, 25.4 b, 8.0
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Fig.2 Structural parameters of arch driving mechanism
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Fig. 3 Stick-slip driving principle
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Fig.4 Multi-degree-of-freedom motion principle
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Fig. 5 Calculation nodes of arch drive unit
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Fig.6 Output displacement of driving unit for single driving
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Tab.2 Output displacement and natural frequency

Parameter Theory  Simulation Error/ %
Right displacement  30.85pm  36.43 pm 18.1
Left displacement  30.85 pm  36. 64 pm 18.7
Natural frequency 652 Hz 611 Hz 6.7
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Fig.7 Natural frequency of stick-slip platform
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Fig. 8 Output displacement of platform for single driving
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Fig.9 Experimental setup for performance test of piezo-

electric stick-slip platform
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Tab.3 Performance comparison of existing stick-slip motion platforms
Translation Rotation Frequen- Translation  Rotation speed/ Vertical Step trans- Step rota-
Performance DOF . ) )

range/mm range/(°) cy/Hz speed/(mmes™")  (rades ') load/N lation/pum tion/mrad
CHR[17] 2 13X13 0 350 13.97 0 50 37.08 0
Sk 18] 2 / 0 180 1.54 0 30 11.3 0
SCHkL19] 2 / 0 3440 0. 86 0 70 13.3 0

Ours 3 12.8X12.8 360 300 57.9 1.59 110 294.7 9.96
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