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Abstract: Flexure hinges are the key components of high-precision flexible mechanisms. Their motion
precision and range affect the performance of flexible mechanisms. Herein, the flexibility matrix of a
circular flexure hinge was derived for optimal design. The flexibility equation of the circular flexure
hinge was established using the structure matrix method. The warping and torsional stiffness of the
rectangular section was deduced. The approximate equation of torsional flexibility under constrained
torsional state was obtained, providing a basis for the exact solution of torsional stiffness of the hinge
with small relative length. Compared with the finite element method, the maximum relative error of
torsional flexibility is approximately 10%, and the relative error of the remaining flexibility is less
than 6 %, which verifies the accuracy of the flexibility equation. The sensitivity of the design parame-

ters of the flexure hinge to rotational stiffness was obtained by the orthogonal experimental design.
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The rotation ability and axial stiffness of the flexure hinge were optimized by the multi-objective ge-

netic algorithm. By comparing the optimization results with the parameters selected according to the

design experience, it is found that the bending flexibility of the optimized circular flexure hinge in-

creased by 5.12% and the axial stiffness of the hinge increased by 4.72%. It is proved that the opti-

mal design of the circular flexure hinge has obvious effects.

Key words: circular flexure hinges; restrained torsion; orthogonal experiment; sensitivity; multi-ob-

jective optimization
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Fig. 1 Forces and deflections of circular flexure hinge
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Fig. 2 Geometry parameters of flexure hinge
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Tab.1 Geometry parameter of circular flexure hinge

E/Pa G/Pa a/mm R/mm w/mm o/ mm On/

1 2.07X10" 8. 1X10" 5 5.774 10 1 60

2 2X10" 810" 4 8 5 1 30
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Tab. 2 Comparison between FEM and theoretical results

a./ M. a/F, a,/ M, a,/ F. a./ M,
1(LD) 1.603X10°* 8.015X107° 3.043X10°" —1.522X10"°¢ 3.704X10°°
1(Chen) 1.603X10° 8.016X10° 3.043X10°" —1.522X10°° 1.218X10°°
1(FEM) 1.6X107" §X107° 3.225X10°" —1.61X107° 3.275X107°
2(LD 3.864X10°* 1.546X10* 2.574x10°° —1.03X10° 1.835X 10 *
2(Chen) 3.864 10" 1.546X10°" 2.574X10°° —1.03X10°° 3.005X10""
2(FEM) 3.864X10 2 1.55X10" 2.625X10°° —1.048X10°° 1.83X10°*
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A/ M, A./F. A,/ M. A/ F, A,/ F,
1(LD 1.522X10°° 1.666>X10"° 8.015X10°° 4.332X10°7 2.536X107"°
1(Chen) 1.522X10°° 1.666x10° 8.016X10°° 4.333X10°7 2.536X10"°
1(FEM) —1.61x10°° 1.75X10°¢ 8§Xx10°° 4.325X10°7 2.65X107°
2(L) —1.03X10°° 6.679X10° 1.546 10" 7.069X1077 5.363X10°
2(Chen) —1.03X10°° 6.679X10¢ 1.546X10 " 7.069X10°7 5.363X10°°
2(FEM) —1.048X107° 6.875X10° 1.55X107" 7.05%X1077 5.425X107°
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Tab.3 Experiment and results for influence analysis of geometric

parameters of flexture hinge on rotational stiffness
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Tab. 4 Response of stiffness K to various factors

IK w R a t
1 11. 689 26. 956 23. 549 4.166
2 20. 583 21.488  23.556 12.312
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W AR 25 17.15 10. 033 5. 307 41.121
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Tab. 5 Optimization results of circular flexture hinge
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