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Curvature Parameterization Model for Variable Cross-section Euler Beams
under Large Deflection
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Abstract: In order to achieve optimization of structures and performances, variable cross-section
beams were increasingly valued in compliant mechanisms. A parametric model was proposed to address the
challenge of accuracy and efficiency of large deflection analysis based on curvature approximation. The pro-
posed approach represented the curvature of deflection curve by Bernstein polynomials. Then the static
equilibrium equation was established based on the principle of minimum total potential energy . and the nu-
merical solution was obtained via Gaussian quadrature and Newton-Raphson iteration. The advantages are
that the expression of bending strain energy and stress are simple and accurate, and the generalized stiffness
matrix is a constant symmetric square matrix related to the variation of the cross-sectional moment of iner-
tia. Therefore, both modeling accuracy and computational efficiency are significantly improved. Further-
more, the post-processing is simple and fast based on the solution of curvature parameters. Numerical ex-
amples fully demonstrate the effectiveness and superiority of the proposed model.

Key words: compliant mechanism; variable cross-section beam; large deflection; parameterization
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Fig.1 Planar curve and body-fixed frame
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Fig.2 Straight cantilever beam under tip load
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Tab.3 The results of curvature model and FEM
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