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Research on flexibility of the novel hybrid flexure hinge
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Abstract: A novel hyperbolic-circular flexure hinge was presented. According to the Castigliano’s second
theorem, the compliance calculations of the flexure hinge were derived. From the deduced equations, the
effects of radius, minimum thickness and depth of cut on the hinge for flexibilities were deeply
researched. Meanwhile, the finite element model of the flexible hinge was also built by adopting solid
element, and then the simulations of different geometric parameters were obtained. Comparing simulations
and analytical solutions explained that: the maximum error is below 8%, which verified the correctness of
the equations. In addition, the comparisons on the flexibilities of flexure hinges with various shapes
showed that: the hyperbolic-circular flexure hinge had better ability to rotate and higher sensitivity to

load. Thus, the design of the new hyperbolic-circular flexure hinges in this paper is more suitable for
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support structure of Fast Steering Mirror and provides a theoretical basis for design and optimization of

hybrid flexure hinges.
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Fig.1 Sketch of the hyperbolic-circular flexure hinge
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Fig.2 Sketch of the load of the flexure hinge
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Tab.1 Structure parameters of hyperbolic-circular

flexure hinges

Number b/mm t/mm R/mm L/mm
1 5 0.2 4 8
2 5 0.2 8 16
3 5 0.3 8 16
4 5 0.4 4 8
5 6 0.2 6 12
6 6 0.2 8 16
7 6 0.3 6 12
8 8 0.2 6 12
9 8 0.4 6 12
10 8 0.4 8 16
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Fig.3 Finite element model of the hyperbolic-circular flexure hinges
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Fig.4 Error curve of the analytical solution and the finite element

solution of compliances
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Fig.5 Relationship between the compliance C,_,, and R,t
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Fig.7 Relationship between the compliance C,_, and 7,c
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Tab.2 Comparison of compliance with hyperbolic flexure hinges
Bending compliance C,_y /N"'m™' Stretching compliance C,_p /(x10™ N™'m)
Number Hyperbolic flexure Hyperbolic-circular Ratio Hyperbolic flexure Hyperbolic-circular Ratio
hinges flexure hinge hinges flexure hinge
1 0.290 9 1.120 497 5 3.852 566.5 3.361 45 5.933 7x107*
2 0.109 1 0.224 525 2.058 345.61 3.078 75 8.908 2x107°
3 0.349 1 1.423 5375 3.5387 425.4 3.350 695 7.876 6x107*
4 0.056 8 0.17507 3.082 2 177.05 1.939 61 1.095 5x107*
RISEREBRZHREZEILL
Tab.3 Comparison of compliance with right circular flexure hinges
Bending compliance C,_y /N"'m™' Stretching compliance C,_p /(x10™ N™'m)
Number  Right circular flexure Hyperbolic-circular Ratio Right circular flexure Hyperbolic-circular Ratio
hinge flexure hinge hinge flexure hinge
1 1.103 8 1.120 497 5 1.015 4598.1 3.361 45 7.310 5x107*
2 0.208 0.224 525 1.079 4 812.83 3.078 75 3.787 7x107°
3 1.406 41 1.423 5375 1.0122 26 011 3.350 695 1.288 2x107
4 0.1490 0.17507 1.175 2873.8 1.939 61 6.749 3x10~*
R4 EVHEERBIHREZEILL
Tab.4 Comparison of compliance with hyperbolic-rectangle flexure hinges
Bending compliance C,_y /N"'m™' Stretching compliance C,_p /(x10™ N™'m)
Number  Hyperbolic-rectangle Hyperbolic-circular Ratio Hyperbolic-rectangle Hyperbolic-circular Ratio
flexure hinge flexure hinge flexure hinge flexure hinge
1 0.526 960 8 1.120 497 5 2.126 3 3.130 88 3.361 45 1.073 6
2 0.100 130 0.224 525 2.2425 2.902 057 3.078 75 1.060 8
3 0.883 467 1.423 5375 1.6113 3.134 495 3.350 695 1.068 9
4 0.111 845 4 0.17507 1.5653 1.806 548 1.939 61 1.073 95
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