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1-Multi-Objective Genetic Algorithms (GAS)
2-Tracking Error (TE)
3-Deep generative Neural Network (DGNN)
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Figure 1. A schematic view of‘the four-bar mechanism
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Figure 2. The path generation synthesis algorithm for a four-bar mechanism

1- Particle Swarm Optimization (PSO)
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Figure 4. Design variables for the synthesis problem of the four-bar mechanism
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Figure 5. The designed mechanism in Casel for the problem with 6 precision points
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Table 3. Desired angles of the input link for design in Case2 of the first problem
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Figure 6. The designed mechanism in Case2 for the problem with 6 precision points|
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Figure 7. The designed mechanism in Case3 for the problem with 6 precision points|
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Figure 8. The designed mechanism in Case4 for the problem with 6 precision points|
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Table 7.+Range of changes in design variables for the second problem [20]
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Figure 9. The designed mechanism in Casel for the problem with 10 precision points
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Table 8. Desired angles of the input link for design in Case2 of the second problem
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Figure 10. The designed mechanism in Case2 for the problem with 10 precision points|
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Figure 11. The designed mechanism in Case3 for the problem with40 precision points
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Table 9. Range of changes in angles of the input link for design in Case4 of the second-problem
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Figure 12. The.designed mechanism in Case4 for the problem with 10 precision points
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Table 10. Optimal design variables and the error value‘for the second problem
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Figure 13. The designed mechanism in Casel for the problem with 20 precision points
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Figure 14. The designed mechanism in Case2 for the problem with 20 precision points
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Figure 15. The designed mechanism in Case3 for the problem with 20 precision points
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Table 14. Range of changes in angles of the input link for design in Case4 of the third problem
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Figure 16. The designed mechanism in«Case4 for the problem with 20 precision points
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Table 15. Optimal design variables and the error value for the third problem
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Figure 17. Comparison of the path error.(F) value in different cases and examples

&le g o1y

[1] H.M. Daniali, Kinematic Design of Linkages, Babol.Noshirvani University of Technology, Iran
(in Persian), 2015.

[2] S.A.A. Moosavian, Dynamics of Machines, K. N. Toosi University of Technology, Iran (in
Persian), 2005.

[3] M.R. Sabaapour, J. Yoon, A novel method for optimal path’synthesis of mechanisms based on
tracking control of shadow robot, Mechanism and Machine Theory, 131 (2019) 218-233.

[4] S. Acharyya, M. Mandal, Performance of EAs for four-bar linkage synthesis, Mechanism and
Machine Theory, 44(9) (2009) 1784-1794.

[5] J. Buskiewicz, Reduced number of design parameters in optimum path synthesis with timing of
four-bar linkage, Journal of Theoretical and Applied Mechanics, 56(1) (2018) 43-55:

[6] H. Zhou, E.H. Cheung, Optimal synthesis of crank-rocker linkages for path'generation using the
orientation structural error of the fixed link, Mechanism and Machine Theory, 36(8) (2001).973-982.
[7]1 S. Glennan, P. Illari, The Routledge handbook of mechanisms and mechanical philosophy, Taylor
& Francis, 2017.

[8] F. Freudenstein, Approximate synthesis of four-bar linkages, Transactions of the American
Society of Mechanical Engineers, 77(6) (1955) 853-859.

[9] A.K. Dhingra, Mechanism design: Analysis and synthesis: Vol. 1, 2nd edn By AG Erdman‘and
GN Sandor. Prentice-Hall, Englewood Cliffs, NJ, 1991, xviii+ 631 pp, in, Pergamon, 1993.

[10] R. Norton, Design of machinery an introduction to the synthesis and analysis of mechanisms and
machines, 1999, in, McGraw-Hill, Maidenhead.

v¥



[11] C.W. Wampler, A. Morgan, A.J. Sommese, Complete solution of the nine-point path synthesis
problem for four-bar linkages, (1992).

[12] N. Nariman-Zadeh, M. Felezi, A. Jamali, M. Ganji, Pareto optimal synthesis of four-bar
mechanisms for path generation, Mechanism and Machine Theory, 44(1) (2009) 180-191.

[13] S. Varedi-Koulaei, H. Rezagholizadeh, Synthesis of the four-bar linkage as path generation by
choosing the shape of the connecting rod, Proceedings of the Institution of Mechanical Engineers,
Part C:Journahof Mechanical Engineering Science, 234(13) (2020) 2643-2652.

[14] M.R. Haghjoo, J. Yoon, Two-stage mechanism path synthesis using optimized control of a
shadow robot: Case:study of the eight-bar Jansen mechanism, Mechanism and Machine Theory, 168
(2022) 104569.

[15] A. Kapsalyamov,S. Hussain, N.A. Brown, R. Goecke, M. Hayat, P.K. Jamwal, Synthesis of a
six-bar mechanism«for generating knee and ankle motion trajectories using deep generative neural
network, Engineering.Applications of Artificial Intelligence, 117 (2023) 105500.

[16] J. Mariappan, S. Krishnamurty, A generalized exact gradient method for mechanism synthesis,
Mechanism and Machine Theory, 31(4) (1996) 413-421.

[17] J. Zhang, X. Du, Fime-dependent reliability analysis for function generation mechanisms with
random joint clearances, Mechanism and Machine Theory, 92 (2015) 184-199.

[18] L. Vanneschi, S. Silva, Particle.Swarm Optimization, in: Lectures on Intelligent Systems,
Springer, 2023, pp. 105-111.

[19] S.S. Rao, Engineering optimization: theory and practice, John Wiley & Sons, 2019.

[20] A. Sardashti, H. Daniali, S."Varedi<Koulaei, Geometrical similarity error function-innovative
adaptive algorithm methodology in path generation synthesis of the four-bar mechanism using
metaheuristic algorithms, Proceedings of the Institution of Mechanical Engineers, Part C: Journal of
Mechanical Engineering Science, 236(3) (2022) 1550-1570.

Yo



A novel objective function for path generation synthesis
of the four-bar mechanism with prescribed timing
Abbas Mokabberi®, Mostafa Nazari®, Seyyed Mojtaba Varedi-Koulaei ™,

Faculty of Mechanical Engineering, Shahrood University of Technology, Shahrood, Iran
* Corresponding author: varedi@shahroodut.ac.ir

ABSTRACT
Dimensional synthesis of the four-bar mechanisms, as the simplest and most widely used linkage, is always one

of the main issues raised insthe field of'mechanism design. In the past, geometric and graphical analysis methods
were used to design these mechanisms, but with the advancement of technology in recent decades, numerical
optimization methods and meta-heuristic_algorithms have been utilized more. Moreover, it is possible to solve
problems more precisely and consider.a higher number of precision points. The path generation synthesis problem
of this mechanism has been solved using different algorithms and in different design modes, including with and
without prescribed timing. The synthesis problem with_prescribed timing is more difficult and has a higher path
generation error. In this research, to solve the path.generation synthesis problem of the four-bar mechanism with
prescribed timing, a novel objective function istilized. The proposed function includes two terms, path error and
angle error. This new objective function leads to adlewer error for path generation with prescribed timing. Four
different designs are considered and their results, where extracted by the PSO algorithm, are compared. The
results of solving this problem for three numerical examples show that the design in the proposed way, has fewer

path generation errors.

KEYWORDS:
Four-bar mechanism, Path generation synthesis, Prescribed timing, Particle swarm optimization algorithm.
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