CRTECN P e K TR Vol.34 No.4
2026 4£ 2 A Optics and Precision Engineering Feb. 2026

XEHS 1004-924X(2026)04-0571-15
ERAHERIWN _BEHEEREHBEZEIFE

Ehm, mIRAT, R, REES, AEE
(1. FRAFNWRIEBSBHAEFR THRTHAZHR
FREHNELLHE T 7K 315211;
2.HIAFEFNMIRFK A48 mk&HERLNKAELERE, HT M 310027)

FEE A% R AR S R T U 2 A bl B AT R DL B e RS 2 sl TR, 4 R RS IR B i T eh S R IR X
fARIE BT o SRR AL EF 4R B0 Z2 ML , B 115K 8l - 25 4 — PR sCHE RV IR 2 50 5T, 5 K 9008 3l 70 e 3R v B 20
A7 RS I 2 S S B . SRS R R I Bl R S B AT RS By, ISR H O 1) Bl R 55 AT S R B R 3 Ak
Jio ZJa B BRITTk # VA SRR A AL O 0 I B A A R EAT O LT . B e B ST 5 I 6
PERE. JCIOAE R E Lk E S, R R RG WT A2 B T B T oy 1T 3h 9 fe R BB A5 40 R 249. 6 um T 237. 3 pm,
12 B 16. 10 mm X 16. 08 mm ; B i 3 B 1 2%~ 30 N B, kit 18 31 F S 4545 16. 0 pm B G i B8 o b 4h, B
K% 3B sk, (RS 4y BEEE 415008 6.3 nm M 6.8 nmo B, BT 1 09 R HURS I 32 2 A AT DL R 2 4k B RUE iz Bl
* @ WEVEISHFEY;FAMNM; A BE

MESES . THI22  XEARIRE:A

doi:10. 37188/0OPE. 20263404. 0571 CSTR:32169. 14. OPE. 20263404. 0571

Two-degree-of-freedom cross-scale stick-slip motion platform
driven by macro fiber composite

MO Yannan', YANG Yiling", MENG Tianchang', WEI Yanding”, CUI Yuguo'

(1. Ningbo Key Laboratory of Micro-nano Motion and Intelligent Control, School of Mechanical
Engineering and Intelligent Manufacturing, Ningbo University, Ningbo 315211, China;
2. Provincial Key Laboratory of High-end Equipment Manufacturing and Testing Technology,
School of Mechanical Engineering , Zhejiang University, Hangzhou 310027, China)
# Corresponding author, E-mail: yangyiling@nbu. edu. cn

Abstract: Regarding the multi-degree-of-freedom, macro-stroke, and high-precision motion requirements
in micro-manipulation and micro-assembly fields, a two-degree-of-freedom cross-scale parallel decoupled
motion platform with piezoelectric stick-slip actuation was proposed. Macro fiber composites were used to
actuate compliant mechanisms to design an integrated drive-structure arch-shaped driving unit, achieving
nanometer-level motion resolution, enhancing single-step output displacement, and enabling two-dimen-

sional planar motion decoupling. Subsequently, stick-slip driving principles were utilized to achieve macro-
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stroke motion, while universal bearings and adjustable support were employed to enhance load-bearing ca-
pacity. A theoretical model of the platform was established using the finite element method, and simula-
tions were conducted to analyze its output displacement and natural frequency. Finally, an experimental
platform was constructed to test the relevant performance. Experimental results show that during continu-
ous stRegarding the multi-degree-of-freedom, macro-stroke, and high-precision motion requirements in
micro-manipulation and micro-assembly fields, a two-degree-of-freedom cross-scale parallel decoupled mo-
tion platform with piezoelectric stick-slip actuation is proposed. Macro fiber composites are used to actuate
compliant mechanisms to design an integrated drive-structure arch-shaped driving unit, achieving nanome-
ter-level motion resolution, enhancing single-step output displacement, and enabling two-dimensional pla-
nar motion decoupling. Subsequently, stick-slip driving principles are utilized to achieve macro-stroke mo-
tion, while universal bearings and adjustable support are employed to enhance load-bearing capacity. A
theoretical model of the platform is established using the finite element method, and simulations are con-
ducted to analyze its output displacement and natural frequency. Finally, an experimental platform was
constructed to test the relevant performance. ep motion, the maximum single-step displacements of the
piezoelectric stick-slip motion platform along the x and y axes are 249. 6 pm and 237. 3 pm, respectively,
with a motion range of 16. 10 mm X 16. 08 mm. Even under a vertical load of 30 N, the stick-slip motion
platform still achieves a single-step output displacement of 16 um. Additionally, the translational displace-
ment resolutions are 6. 3 nm and 6. 8 nm during single-step precision motion, respectively. Therefore, the
designed piezoelectric stick-slip motion platform can meet the multi-dimensional, cross-scale micro-nano
motion requirements.

Key words: piezoelectric actuation; stick-slip motion; compliant mechanism; two degrees of freedom
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Fig. 3 Key parameters of driving unit
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Tab.1 Key structural parameters of the driving unit

Parameter Symbol Parameter Symbol
/,//mm 39.6 d,/mm 0.45
/,/mm 7.6 d,/mm 0.4
/;/mm 8.4 d,/mm 0.4
/,/mm 12.5 d;/mm 0.4
l./mm 16.6 r,/mm 3.0
/;/mm 7.0 r,/mm 25.9
L,/mm 50.0 0,/(%) 62.2
l,/mm 20.0 4,/(%) 62.2
d,/mm 0.4 8./ (%) 71.5
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Tab.2 Output displacement and natural frequency
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Tab.3 Comparison of stick-slip motion platforms
Performance [12] [14] [15] [21] [23] PI Coremorrow  Our
Actuator type PSA PSA PSA PSA PSA  PSA PSA MFC
Required frequency (for 1 mm/s)/Hz 13 80 100 > 170 40 75 > 500 3.1
DOF number 2 2 2 2 2 2 2
Motion range/mm 13X13 / 10X10 / / 13X13  3.6X3.6 16 X16
Step output/pm 37.1 10.7 11.3 13.3 14.2 <45 <15 249.6
Vertical load/N %0 50 %0 %0 ° ! 50
(8pm) (4pm) (1pm) (12.5pm) (1 pm) (1pm) (16 pm)
Resolution/nm 6 18 10 4 780 6 20 6
Frequency/Hz 350 150 180 3440 / 600 1125 306
Response time/ms 5 12 10 0.5 / 3 1.6 6
Composite index 23.1 0.21 0.01 < 0.73 / < 0.3 < 0.06 40. 3
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