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Optimal Synthesis of the Coupler Curve for a Four-Bar Planar Mechanism with
Clearance between the Input Link and the Coupler Based on Fourier Series

M. R. Allahverdloo Department of Mechanical Engineering, Imam Khomeini International University, Qazvin, Iran

J. Ehyaei Department of Mechanical Engineering, Imam Khomeini International University, Qazvin, Iran

Abstract

This study presents a fully analytical approach to the synthesis of a path-generating four-bar mechanism, explicitly incorporating the
clearance between the input link and the coupler as a design parameter. Unlike classical methods, the synthesis equations are directly
formulated using a novel relationship between design variables and Fourier coefficients of the desired path, reducing the path
generation problem to solving two low-complexity polynomial equations. A general formula is provided for direct determination of
design variables from the Fourier coefficients. The clearance is analytically modeled, and Fourier series are applied simultaneously
to approximate both the path and the clearance function, enabling a closed-form solution of the synthesis system and direct
computation of the mechanism’s geometric parameters. Two numerical examples are used to evaluate the efficiency and accuracy of
the proposed method. Results show that, in comparison with established reference methods, the proposed approach achieves a
significant reduction in the sum of squared errors (SSE) while maintaining high accuracy, operational simplicity, and ease of
implementation.

Keywords: Mechanism synthesis; Four-bar mechanism; Fourier series; Path generator; Joint clearance; Analytical method.
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