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Design and Experiment of Precision Micro-drive Amplifying Mechanism
Based on Principle of Balanced Additional Force

YANG Manzhi LI Linyue ZHANG Chuanwei WEI Kaiyang DANG Meng JING Gang
(School of Mechanical Engineering, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract; The micro-drive mechanism is an important component to achieve ultra-precision positioning.
Based on the principle of balancing additional force, a precision micro-drive amplifying mechanism with
adjustable amplification ratio was designed, and the strength, dynamic and kinematics analysis of the
mechanism were completed. Based on the principle of balancing additional force, a micro-drive
amplifying mechanism without additional force and displacement was designed to ensure the safety and
precision of the movement process. The strength analysis of the mechanism was completed by the finite
element method, and the results showed that the strength of the system met the design requirements. The
finite element method and experimental analysis were used to complete the dynamic performance analysis
of the mechanism, and the maximum relative error was 9. 41% . The results showed that the dynamic
performance of the mechanism met the design requirements and resonance did not occur during the motion
process. The kinematics analysis of the mechanism was completed by theoretical calculation, finite
element analysis and experimental analysis. The kinematic equation of the mechanism was resolved based
on the linear fitting of the three methods. The relative error between the theoretical calculation and
experimental analysis of the micro-drive amplifying mechanism was 9.4% ( the maximum error was
0.85 wm) , and the relative error between the finite element and experimental analysis was 7. 8% ( the
maximum error was 0.57 pum ). The correlation coefficient of motion linear fitting was not less than
0.998. The results showed that the micro-drive amplifying mechanism had the advantages of excellent
strength and dynamic performance, precise movement, and high linearity.

Key words: micro-drive mechanism; kinematic analysis; flexible hinge; balance additional force
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balance of flexible hinge
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amplifying mechanism
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Tab.1 Three material parameters of flexible hinge
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MPa FE/MPa Ji/MPa (gem™)
60Si2Mn  2.06 x10° 1176 1274 0.26 7.85
65Mn 2.00 x10° 784 980 0.30 7.81
QBe2 1.26 x 10° 725 945 0.30 8.30
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Fig.4 Amplification ratio geometric calculation model
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magnifying mechanism
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Fig. 6  Stress cloud diagram of micro-drive

magnifying mechanism
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Fig.7 Experimental device of dynamic performance

of micro-drive amplifying mechanism
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Fig. 8 Experimental results of the first six order natural
frequencies of micro-drive amplification mechanism
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Tab.3 Main technical parameters of P235. 1s

piezoelectric ceramic actuator
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Tab.4 Comparison of three methods for kinematic

analysis of micro-drive amplification mechanism pm
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