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ABSTRACT 

The synthesis of mechanisms is a complex field of study that includes, in addition to the 

knowledge necessary for the correct configuration of working mechanisms and those 

necessary for their analysis, knowledge from the field of nonlinear programming that 

involves the calculation of the extrema of an objective function, possibly subject to 

some constraints. In this context, the dimensional synthesis of the mechanisms that 

involves the establishment of an optimal set of dimensions of the component elements 

to ensure the necessary precision of the operating parameters remains an always current 

field through its multiple applications. The paper presents a method of dimensional 

synthesis of a multi-contour mechanism for which certain values of the stroke of a 

component piston and the positions of the driving element of the mechanism in which 

the change of the direction of movement of the piston takes place are imposed. Through 

the dimensional synthesis of the analyzed mechanism, it is aimed that, in addition to the 
mentioned conditions, a minimum value of the sum of the lengths of the component 

elements is obtained. To achieve the optimal synthesis, the Sequential Quadratic 

Programming (SQP) method included in the Optimization package from the Maple 

program was used. 

Keywords: mechanism, dimensional synthesis, optimization, objective function, 

Sequential Quadratic Programming 

 

INTRODUCTION 

The creation of efficient working mechanisms, which ensure a high precision of the 

operating parameters often requires, in addition to their analysis, the realization of a 

dimensional synthesis that leads to the achievement of some imposed optimization 

criteria [1-11]. The dimensional synthesis of mechanisms includes, in addition to the 

knowledge necessary for the correct configuration of working mechanisms and those 

necessary for their analysis, knowledge from the field of nonlinear programming that 

involves the calculation of the extrema of an objective function, possibly subject to 

some constraints [12-25].  

The scope of the present paper is to develop a method of dimensional synthesis of a 

multi-contour mechanism for which certain values of the stroke of a component piston 

and the positions of the driving element of the mechanism in which the change of the 

direction of movement of the piston takes place are imposed. Through the dimensional 
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synthesis of the analyzed mechanism, it is aimed that, in addition to the mentioned 

conditions, a minimum value of the sum of the lengths of the component elements is 

obtained. To achieve the optimal synthesis, the Sequential Quadratic Programming 

(SQP) method included in the Optimization package from the Maple program was used 

[26]. The methodology used in the development of the operating simulator of the 

analyzed mechanism has a novelty character and offers multiple possibilities to include 

the optimization functions in Maple in the synthesis problems of the mechanisms.  

 

THEORETICAL CONSIDERATIONS AND RESULTS OF THE SIMULATIONS 

Figure 1 shows the kinematic diagram of the mechanism whose dimensional synthesis 

is to be achieved. The mechanism consists of four bar-type elements and a piston. From 

a structural point of view, the mechanism has two contours in its component: 0-1-2-3-0 

and 0-1-2-4-5-0. The closing vector equations of the two contours are as follows: 
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Figure 1. Plane multi-contour mechanism 

 

By projecting the two vector equations from (1) on the axes of the )(Oxy  coordinate 

system, the following systems of equations are obtained: 
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By solving the system of equations (2), the angles 2  and 3  can be determined with 

the relations:  
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where ATAN2(y,x) calculates arctan(y/x) taking into account the signs of the arguments 

y and x and: 
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By solving the system of equations (3), the displacement 5s  of the piston 5 and the 

angle 4  can be determined with the relations: 
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The speed and acceleration of piston 5 were determined with the relations: 

















1

1

5
5

1

1

5
5

d

d

d

d







v
a

s
v

               (8) 

where 1  is the angular speed of the driving element 1. 

Based on the presented relationships, a functioning simulator was created using the 

Maple program. In the realization of the dimensional synthesis of the analyzed 

mechanism, it started with the following dimensions of the component elements: 

m03.01 AO ; m3.0AB ; m25.03 BO ; m35.0AC ; m5.0CD ; m3.0
3

Ox ; 

m2.0
3

Oy . For the angular speed 1  of the driving element 1 it was considered the 

value rad/s10 .  
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Figures 2, 3 and 4 show the variation curves on the kinematic cycle for displacement 5s , 

speed 5v  and acceleration 5a  of the piston in the mechanism component. 

 

Figure 2. The variation of displacement 
5s  for the initial dimensions of the component elements 

 

Figure 3. The variation of speed 
5v  for the initial dimensions of the component elements 

 

Figure 4. The variation of acceleration 
5a  for the initial dimensions of the component elements 

 

NLPSolve function from the Maple Optimization package that can operate with the 

Sequential Quadratic Programming (SQP) method was used to perform the dimensional 

synthesis of the mechanism. In the simulations regarding the synthesis of the analyzed 

mechanism, the value of the stroke of the piston from the component of the mechanism 

and the value of the crank angle 1  for its extreme positions were imposed, in the 

conditions in which it was aimed to reach a minimum for the sum of the lengths of the 

bar-type component elements.  
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Figures 5, 6 and 7 show the variation curves for displacement 5s , speed 5v  and 

acceleration 5a  obtained when the stroke value of piston 5 is equal to 0.1 m, and the 

extreme positions of the piston are reached for 3/21   , respectively 3/51   . In 

this first case where the synthesis of the mechanism was carried out, the following 

values were obtained for the dimensions of the component elements: m0225.01 AO ; 

m1848.0AB ; m125.03 BO ; m1783.0AC ; m2758.0CD ; m1499.0
3

Ox ; 

m1079.0
3

Oy . 

 

Figure 5. The variation of displacement 
5s  for the first analyzed synthesis case 

 

Figure 6. The variation of speed 
5v  for the first analyzed synthesis case 

 

Figure 7. The variation of acceleration 
5a  for the first analyzed synthesis case 
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Figures 8, 9 and 10 show the variation curves for displacement 5s , speed 5v  and 

acceleration 5a  obtained when the stroke value of piston 5 is equal to 0.2 m, and the 

extreme positions of the piston are reached for 2/1   , respectively 2/31   . In 

this second case of synthesis, the following values were obtained for the dimensions of 

the component elements: m0449.01 AO ; m1499.0AB ; m1365.03 BO ; 

m2153.0AC ; m5007.0CD ; m1892.0
3

Ox ; m1001.0
3

Oy . 

 

Figure 8. The variation of displacement 
5s  for the second analyzed synthesis case 

 

Figure 9. The variation of speed 
5v  for the second analyzed synthesis case 

 

Figure 10. The variation of acceleration 
5a  for the second analyzed synthesis case 

Figures 5÷7 and respectively 8÷10 highlight the fact that the results obtained by the 

proposed synthesis method are correct both regarding the stroke of the piston and its 

extreme positions. The variation curves of the speed and acceleration of the piston 

additionally demonstrate the good functioning of the mechanism in the two analyzed 

cases of synthesis. 
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CONCLUSIONS 

In this paper has been developed a method of dimensional synthesis of a multi-contour 

mechanism for which certain values of the stroke of a component piston and the 

positions of the driving element of the mechanism in which the change of the direction 

of movement of the piston takes place are imposed. Through the dimensional synthesis 

of the analyzed mechanism, it has been aimed that, in addition to the working 

conditions, a minimum value of the sum of the lengths of the component elements was 

obtained. The positional analysis of the mechanism was carried out on each component 

contour. Based on this analysis, a functional simulator was created. The simulator 

allows establishing the variation on the kinematic cycle of all the operating parameters 

of the analyzed mechanism. The optimal synthesis has been achieved by using the 

Sequential Quadratic Programming (SQP) method included in NLPSolve function from 

Optimization package of Maple program. The results of the simulations presented in the 

paper confirm with their precision the validity of the developed methodology. In the 

end, it can be concluded that the methodology and results presented in the paper are 

useful to all those who have concerns in the field of dimensional synthesis of multi-

contour mechanisms.  

 

REFERENCES 

[1] Bădoiu D., Toma G., Research on designing a multiloop planar linkage, IOP 

Conference Series: Materials Science and Engineering, Vol. 659, Iss. 1, pp. 1-9, 

2019; 

[2] Zhang C., Yang J., Chang Z., Machinery dynamics, Academic Press, 2022; 

[3] Bădoiu D., Toma G., Analysis of the dynamic response of the mechanism of 

conventional sucker rod pumping units, Revista de Chimie, Vol. 71, Iss. 1, pp. 395-

399, 2020; 

[4] Bădoiu D., Toma G., Research concerning the predictive evaluation of the motor 

moment at the crankshaft of the conventional sucker rod pumping units, Revista de 

Chimie, Vol. 70, Iss. 2, p. 378-381, 2019; 

[5] Sandor G. N., Erdman A. G., Advanced Mechanism Design: Analysis and Synthesis 

(Volume 2), Prentice-Hall Inc., Englewood Cliffs, New Jersey, USA, 1984; 

[6] Nikravesh P. E., Computer-Aided Analysis of Mechanical Systems, Prentice-Hall 

Inc., Englewood Cliffs, New Jersey, USA, 1988; 

[7] Toma G., Research concerning the simulation of the operation of conventional 

sucker rod pumping units, Romanian Journal of Petroleum & Gas Technology, Vol. 

2, no. 2, pp. 33-39, 2021; 

[8] Jazar R.N., Theory of Applied Robotics: Kinematics, Dynamics and Control 

(Second Edition), Springer, 2010; 

[9] Toma G., Research concerning the dynamic model of the conventional sucker rod 

pumping units, Revista de Chimie, Vol. 70, Iss. 8, p. 2818-2821, 2019; 

[10] Toma G., Research concerning the optimization of the mechanism of the 

conventional sucker rod pumping units, Revista de Chimie, Vol. 70, Iss. 5, p. 1795-

1799, 2019;  

https://www.scopus.com/sourceid/19700200831?origin=recordpage
https://www.scopus.com/sourceid/19700200831?origin=recordpage


Romanian Journal of Petroleum & Gas Technology 

Vol. V (LXXVI) • No. 2/2024 

 

 

 

234 

[11] Craig J.J., Introduction to Robotics: Mechanics and Control (Third Edition), 

Pearson Prentice Hall, 2005; 

[12] Dombre E., Khalil W., Modelisation et commande des robots, Ed. Hermes, Paris, 

1988; 

[13] Toma G., Research on the kinematics of a mechanism with quick return of the 

oscillating arm, Romanian Journal of Petroleum & Gas Technology, Vol. 3, no. 1, 

pp. 55-62, 2022; 

[14] Toma G., Research concerning the positional analysis of a fourth class mechanism, 

Romanian Journal of Petroleum & Gas Technology, Vol.5, no.2, pp.201-208, 2024; 

[15] Bogdan R.C., Larionescu D., Cononovici S., Sinteza mecanismelor plane 

articulate, Editura Academiei, Bucuresti, 1977; 

[16] Buculei M., Metode de calcul in analiza mecanismelor cu bare. Editura Scrisul 

Romanesc, Craiova, 1986; 

[17] Dudita F., Diaconescu, D., Optimizarea structurala a mecanismelor. Editura 

Tehnica, Bucuresti, 1987; 

[18] Handra-Luca V., Stoica I.A., Introducere in teoria mecanismelor, vol. I. Editura 

Dacia, Cluj-Napoca, 1982; 

[19] Erkaya S., Uzmay I., Determining link parameters using genetic algorithm in 

mechanisms with joint clearance, Mechanism and Machine Theory, vol. 44, pp. 

222-234, 2009; 

[20] Flores P., Leine R., Glocker C., Modeling and analysis of planar rigid multibody 
systems with translational clearance joints based on the non-smooth dynamics 

approach, Multibody System Dynamics, vol. 23, pp. 165-190, 2010; 

[21] Sclater N., Chironis P.N., Mechanical devices sourcebook (Fourth Edition), 

McGraw-Hill, 2007; 

[22] Yildiz A., Kopmaz O., Cetin S.T., Dynamic modeling and analysis of a four-bar 

mechanism coupled with a CVT for obtaining variable input speeds, Journal of 

Mechanical Science and Technology, vol. 29, no. 3, pp. 1001-100, 2015; 

[23] Vinogradov O., Fundamentals of kinematics and dynamics of machines and 

mechanisms, CRC Press, 2000; 

[24] Nariman-Zadeh N., Felezi M., Jamali A., Ganji M., Pareto optimal synthesis of 

four-bar mechanisms for path generation, Mechanism and Machine Theory, vol. 

44, pp. 180-191, 2009; 

[25] Ming-June T., Tien-Hsing L., Accuracy analysis of a multi-loop linkage with joint 

clearances, Mechanism and Machine Theory, vol. 43, pp. 1141-1157, 2008; 

[26] Monagan M. B., Geddes K.O., Heal K.M., Labahn G., Vorkoetter S.M., Mccarron 

J., Demarco P., Maple Introductory Programming Guide, Maplesoft, a division of 

Waterloo Maple Inc., 2005. 
            

Received:November 2024; Revised:November 2024; Accepted:November 2024; Published:November 2024 


