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Multi-objective optimum design of four-bar linkage with joint clearance for path

generation with parametric uncertainty

Vahid Nooraeefar

Abstract

Mechanisms which compose some connected rigid members are exclusively used in the area
of mechanical engineering for motion and energy transfer from one or more input members to
one or more output members. The concepts involved within the design of mechanisms are
analysis and synthesis. In the case of dimensional synthesis, there are three categories,
namely, motion generation, function generation and path or trajectory generation. Both
graphical and analytical methods have been used for dimensional synthesis. However, such
methods are relatively restrictive because of their low precision rates and that they cannot be
used in the design of wide variety kinds of mechanisms, particularly when the number of
precision points and the complexity of problems increase. In order to circumvent these
shortcomings, optimization methods have been increasingly used in recent years for the
dimensional synthesis of mechanisms especially for path or trajectory generation. In path
generation problem, which is the problem of this dissertation, synthesis is accomplished by
using some number of precision points to be traced by the coupler point of the mechanism.
Thus, an optimization method is employed to find the set of dimensional or geometrical sizes
of a mechanism, e.g. lengths, angles, so that the error among the desired path and the actual
path by the coupler point is minimized.

However, nowadays, one of the major problems in the design of mechanisms is
uncertainty.Uncertainties in mechanisms can be be in the form of dimentional tolerances in
the links, clearance in the joints and so on. Joint clearance is the topic that has been
considered in this dissertation. It is desired to achieve an optimum yet robust design against
uncertainties existing in reality with the use of probabilistic analysis in a multiobjective
optimization approach A multi-objective genetic algorithm (GA) is used for the Pareto
optimization of four-bar linkages. Finally, the comparison between the results of deterministic
and probabilistic design approach are presented.

Keywords: Mechanism, Joint Clearance, Genetic Algorithm, Pareto, Uncertainty, Quasi-

Monte Carlo method, Robust Design.
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