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DESIGN AND PERFORMANCE ANALYSIS OF A TWO-STAGE REDUCED
MICRO-MOTION SYSTEM WITHOUT ADDITIONAL MOTION
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Abstract In order to achieve a smaller reduction ratio and thus obtain a flexible motion space with higher motion
precision, a micro-motion system composed of a two-stage reduction micro-motion mechanism without additional motion and
a piezoelectric ceramic actuator was designed, and its driving performance, motion performance and dynamic performance
were studied. Based on the principle of flexible hinge lever and the principle of additional motion balance, a two-stage
reduction micro-motion mechanism without additional motion was designed, which could realise the precision reduction of
input displacement; a piezoelectric ceramic actuator was used to drive the two-stage reduction micro-motion mechanism to
form a two-stage reduction micro- motion system; the finite element method was used to complete the analysis of the system's
driving performance, kinematic performance and dynamics, and the experimental method to complete the analysis of the
system's driving performance and dynamics. The analysis results show that the micro-motion system drive has the advantages
of high linearity, small error, etc. , the system has excellent positioning performance, the system dynamic performance is
good and will not resonate in the movement process. The research has an important reference value for the design and
performance analysis of the micromotion system.

Key words Micro-motion system; No additional motion; Two-stage reduction; Drive performance; Dynamic
performance
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Fig. 1 Equivalent model of a single straight circular flexure hinge
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Fig. 2 Schematic diagram of the lever principle of the two-stage
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Fig. 3 Additional motion balance principle of flexure hinge
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Fig. 4 Schematic diagram of the two-stage reduction

micro-motion mechanism
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Tab.1 Material (60Si2Mn) parameters of the two-stage reduction

micro-motion mechanism

#EHZE Material parameters {E Values
FPER Elasticity modulus/MPa 2.06x10°
JE HZA% BR Yield limit/MPa 1176
PUHL5E ¥ Tensile strength/MPa 1274
JAFA HE Poisson's ratio 0.26
B Density/(g/lem®) 7.85
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Tab.2 Coordinate value of flexure hinge mm
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Tab.3 Experimental results of system drive performance
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Tab. 4 Results of system motion performance analysis

WAL EBHEE e s maim
Input Theoretical . . .
displace-  output displace- Sllmulatlon output  Absolut  Relative
ment/jum ment/yum displacement/pm  error/pm  error/%
1.0 0.04 0.03991 0.000 09 0.23
2.0 0.08 0.079 79 0.000 21 0.26
3.0 0.12 0.119 82 0.000 18 0.15
4.0 0.16 0.159 69 0.000 31 0.19
5.0 0.20 0.199 58 0.000 42 0.21
6.0 0.24 0.239 44 0.000 56 0.23
7.0 0.28 0.279 49 0.000 51 0.18
8.0 0.32 0.319 19 0.000 81 0.25
9.0 0.36 0.359 26 0.000 74 0.21
10.0 0.40 0.399 29 0.000 71 0.18
11.0 0.44 0.439 03 0.000 97 0.22
12.0 0.48 0.479 04 0.000 96 0.20
13.0 0.52 0.51893 0.001 07 0.21
14.0 0.56 0.558 96 0.001 04 0.19
15.0 0.60 0.598 91 0.001 09 0.18
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Fig. 10 Output displacement detection
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Tab.5 First six natural frequencies of the two-stage reduction

micro-motion mechanism

A BRI A

S [ A 4% .
N Y FHBABA o
Fir ik .. Experiment .
Finite element Relative
Order . natural frequency
calculation of natural error/%
value/Hz
frequency values/Hz
1 167.62 181.00 7.98
2 196.99 208.50 5.84
3 520.44 482.00 7.38
4 562.27 516.50 8.14
5 705.14 653.50 7.32
6 712.98 665.00 6.72
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Fig. 12 Experimental results of the first six natural frequencies of the

two-stage reduction micro-motion mechanism
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