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Abstract

The paper formulates an analytical method for displacement and stiffness calculations of planar compliant mech-

anisms with single-axis flexure hinges. The procedure is based on the strain energy and Castigliano’s displacement

theorem and produces closed-form equations that incorporate the compliances characterizing any analytically-defined

hinge, together with the other geometric and material properties of the compliant mechanism. Displacement amplifi-

cation, input stiffness and output stiffness calculations can simply be performed for any serial compliant mechanism.

The class of amplifying compliant mechanisms that contain symmetric corner-filleted or circular flexure hinges is

specifically addressed here. A parametric study of the mechanism performance is performed, based on the mathematical

model, and an optimization procedure is proposed, based on Lagrange’s multipliers and Kuhn–Tucker conditions,

which identifies the design vector that maximizes the performance of these flexure-based compliant mechanisms. In-

dependent finite element simulation confirms the analytical model predictions.
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1. Introduction

Flexure-based compliant mechanisms are increas-

ingly utilized in both macro-scale and micro-scale

(MEMS) applications where precision of motion, reli-

ability, ease of fabrication, compactness and feasibility

(especially) in micro-environments are needed. In

MEMS, for instance, realizing the necessary mobility

between adjacent members is almost entirely achieved

through flexible connectors, such as flexure hinges. Ex-

amples of implementation of these mechanisms are nu-

merous and they can be found in the automotive,

aerospace, telecommunications, medical, optics and

computer industries.

This paper formulates a mathematical model that can

be utilized in the design and optimization of planar

compliant mechanisms that gain their mobility by means

of flexure hinges. The analytical model studies the static/

quasi-static response of these mechanisms by incorpo-

rating the compliances that define the elastic behavior of

various single-axis flexure configurations into generic

load-deformation/displacement closed-form equations.

By means of these equations it is possible to simply se-

lect a design, analyze it and optimize its behavior in

terms of performance criteria such as displacement

(geometric) amplification and/or input/output stiffness.

The proposed calculation tool is both precise (being

based on exact closed-form equations) and simple to

implement, as an alternative to the often-time costly
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