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Abstract: Due to the advantages of compact structure and large displacement amplification ratio,
compliant bridge-type displacement amplification mechanism (DAM) has increasingly gained attention
in the field of precision engineering. In previous reports, the design and analysis of bridge-type DAM
have been limited to the linear range. In this work, nonlinear modeling and optimization of a typical
lumped bridge-type DAM were investigated. Considering the shearing effect and geometrical
nonlinearity, the output-input relation of the mechanism was modeled half-analytically using the
energy method, finite element method, and numerical fitting, and rapid prediction of nonlinear results
was realized. For maximizing the output displacement and restricting the geometrical nonlinearity,
comprehensive optimization strategies of planar dimensions and thickness were proposed. ANSYS
Workbench finite element simulation reveals that the error of nonlinear modeling for the mechanism is

limited to 5%, and the optimal results are effective. The two-step half-analytical nonlinear modeling
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method and comprehensive nonlinear optimization strategies of planar dimensions and thickness

proposed in this paper can be applied for the rapid prediction of nonlinear results and optimal design of

other complicated compliant mechanisms,

Key words: compliant mechanism; displacement amplification mechanism;shearing effect; geometrical

nonlinearity; optimization
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(a)Small deflection-based static FEA result of X-axis

displacement
B:static structural
Figure 2
Type:diretional deformation(.X Axis)
Unit:mm
Global coordinate system
Time:1
2018/11/15 23:49
0.102 56 Max
0.079 788
(L0537 018 T
0.034 248 [ ™
0,011 478 |
-0.011 292
-(1.034 062
—-0.056 832
=0.079 603
-0.102 37 Min
0.000 5.000 10,000
- mm mm
2.500 7.500

(o) X Iy s {51 B JLAul =l 22 4 # 03 ~ A BROC A FL 485

(b)Static FEA result of X-axis displacement considering

geometrical nonlinearity
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Fig. 9 Static FEA results of optimal mechanism for Eq.
(17) (F,=10 N, material; aluminum alloy)
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Tab.5 FEA results considering geometrical nonlinearity

(ys) and FEA value (a) of optimal results for

Eq. (17
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