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Stick-slip cross-scale microgripper driven by macro fiber composite
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Abstract: To meet the requirements of large stroke, high precision, high speed, and translational clamp-
ing in micro-operation and micro-assembly, a symmetric stick - slip actuation mechanism is realized by em-
ploying a single macro fiber composite (MFC) to drive a compliant mechanism. This configuration en-
ables the design of a cross-scale microgripper that combines centimeter-level travel with nanometer-scale
resolution and dual-arm translational motion. An elongated compliant driving foot is used to store and re-
lease elastic potential energy, and its elastic recovery is exploited to counteract reverse friction, thereby
suppressing stick-slip backlash. At the same time, the large single-step displacement of the MFC allows
the microgripper to achieve high-speed motion at low driving frequencies, effectively reducing frictional
wear. A static mechanical model of the compliant driving unit is established using the finite element meth-

od, and its output displacement and natural {requency are numerically analyzed. An experimental setup is
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then constructed to evaluate the performance of the proposed system. Experimental results indicate that
the output single-step displacements of the stick - slip microgripper are 52. 31 pm, 82. 86 pm, and 124. 68
pum under driving voltages of 400 V, 600 V, and 800 V, respectively, with a motion resolution of 9.6
nm. Under continuous operation with a driving voltage range of — 400-800 V, the single-step displace-
ment reaches up to 163. 35 um, with a step resolution of 7. 8 nm and a clamping stroke of 14. 4 mm. In ad-
dition, the designed microgripper achieves a motion speed of 1.25 mm/s at a low driving frequency of 5
Hz. The clamping force ranges from O to 167 mN under an 800 V trapezoidal wave voltage. These experi-
mental results confirm the effectiveness and high-performance output characteristics of the proposed stick -
slip microgripper.

Key words: micro-operation system; piezoelectric actuation; stick-slip motion; compliant mechanism
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Tab.1 Key dimensions of driving mechanism
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Tab.2 Output displacement and natural frequency
Linear Nonlinear
Parameter
Theory Simulation Error Theory Simulation Error
D, /pm 82.97 92.68 11.70% 82.43 89.91 9.07%
Dy/pm 82.97 92. 56 11.56 % 82.43 89. 86 9.01%
f,/Hz 595. 41 612.41 2.86% 600. 95 612. 66 1.95%
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Tab.3 Comparison of performance with existing piezoelectric actuators

Reference Size(mm®) Actuator number Driving mode Clamping function Displacement/pm
[8] / 1 Ultrasonic NO 0.1(79.9 kHz)
[9] 72X 23X 19 2 Inchworm NO 80(70 Hz)
[31] 67X102X 15 2 Stick-slip NO 7.5(800 Hz)
[32] 67X102X 15 1 Stick-slip NO 5.45(400 Hz)
[33] 125X 47X12.2 2 Stick-slip NO 9.77(1 Hz)

This work 40.9X35X11 1 Stick-slip YES 163. 35(1 Hz)

Reference Speed/(mmes™") Power/mW Resolution/nm Backward ratio Voltage range/V
[8] 56.1(79.9 kHz) 60009 100 / 0~250
[9] 5.53(70 Hz) 2296 83 / 0~150

[31] 38.19(1300 Hz) 32800 / 0% (=300 Hz) 0~100
[32] 47.2(2400 Hz) 1620 70 <1% (=250 Hz) 0~100
[33] 0.27(650 Hz) 91 / 71.4% (10 Hz) 0~150
This work 1.25(5 Hz) 0.1728 9.6 0% (=1Hz) —400~1 400
8 2 i BT S /A e 5P (0 % B O 2 B LA

AR SCHR T RS SRS R RO L 14
Je R A AT B T HL 4T 4R BK B, T T A AME B AL

A LA R o SR A BROCIE 57 R PR 3R 3 AL
oy ) i 7 A AL I ok H a5 B R [ A 00 AR
i B o fen, il S8 6 Uk TR g R 4%
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