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Design of cross-spring flexure hinge
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Abstract: To realize the requirement of a certain optical instrument for flexural hinge, a new type of
cross-spring flexural hinge was proposed, and the design method was studied by using the Castigliano’s
second theorem. First, use the Castigliano’s second theorem to derive the flexibility calculation formula of the
cross-spring flexural hinge to determine the axial rigidity and rotational rigidity of the hinge. Then, a case
design was carried out and the finite element analysis was used for simulation. Finally, an optical test platform
was set up and the rotation stiffness of the example was measured. The results showed that the analytical
solution, the simulation solution and the experimental data were in good agreement, and the relative error was
8.7%. Using the Castigliano’s second theorem as a design tool, the designer can determine the dimensional
parameters according to the rigidity and structural requirements of the cross-spring flexural hinge, and the

design of the cross-spring flexural hinge provides a new approach method for other hinges.
Key words: Cross-spring flexural hinge; finite element analysis; the Castigliano’s second theorem,;
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Tab.1 Design index of cross-spring flexural hinge
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(a) Front view of hinge
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(b) Partial enlarged view of hinge
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Fig.1 The structure diagram and reference coordinate system
of the cross-spring flexural hinge
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Fig.2 The structure of cross-spring flexural hinge
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Fig.3 Equivalent model of the load of the hinge
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Fig.4 Parameter model of the load of the hinge
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Fig.5 Single hinge force analysis diagram
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Fig.6 Schematic diagram of the load of the hinge in the

z-axis direction
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cross-spring flexural hinge with design parameters L and %
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Fig.8 The relationship between rotational stiffness Kw of the

cross-spring flexural hinge with design parameters L and h
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Tab.2 Structure parameters of design case
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Fig.9 The prototype of cross-spring flexural hinge
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Tab3 Applied torque and finite element results
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Tab.4 Experimentally measured angle and rotational

stiffness value
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Tab11 Comparison of simulated and experimental values of

hinge rotation angle
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Tab12 Comparison of simulated and experimental values of

hinge rotation stiffiness
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