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ABSTRACT 

It is well known that with the increase in the class of mechanisms, the complexity of 

their analysis methods also increases accordingly. This is especially the case for 

mechanisms of class greater than four that contain kinematic groups whose structure 

includes deformable contours. The usefulness of these mechanisms is also given by 

their versatility due to the multiple configurations they can have during the kinematic 

work cycles. The present paper proposes a method for the positional analysis of a 

complex mechanism of the fourth class. First, the component independent contours of 

the mechanism are identified using the graph associated with it. Then, the system of 

equations containing the position parameters of the mechanism is established by 

projecting the associated vector contours on the axes of a conveniently chosen 

coordinate system. Solving the system of equations was done numerically, using the 

fsolve module included in the Maple program. The results obtained from solving the 

system of equations allowed the development of a functioning simulator of the analyzed 

mechanism. Finally, the variation curves of the position parameters on a kinematic cycle 

of operation are presented. 

Keywords: mechanism, versatility, kinematic groups, associated graph, position 

parameters 

 

INTRODUCTION 

The analysis of mechanisms with a view to their optimal design represents one of the 

fundamental directions of study in the theory of machines and mechanisms [1-10]. 

Starting from the structural approach based on the theory of kinematic groups, it is 

known that with the increase in the class of mechanisms, the complexity of their 

analysis methods increases accordingly [11-23]. This happens especially in the case of 

mechanisms of class greater than four that contain kinematic groups whose structure 

includes deformable contours, the usefulness of these mechanisms being also given by 

their versatility due to the multiple configurations they can have during the kinematic 

work cycles. 

The scope of the present paper is to develop a method for the positional analysis of a 

complex mechanism of the fourth class, little addressed in specialized literature. First, 

the component independent contours of the mechanism are identified using the graph 

associated with it. The system of equations containing the position parameters of the 
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mechanism is established by projecting the associated vector contours on the axes of a 

conveniently chosen coordinate system. Solving the system of equations was done 

numerically, using the fsolve module included in the Maple program [24-26]. The 

results obtained from solving the system of equations allowed the development of a 

functioning simulator of the analyzed mechanism, which can be considered as a novelty 

aspect in the addressed field. 

 

THEORETICAL CONSIDERATIONS AND RESULTS OF THE SIMULATIONS 

Figure 1 shows a mechanism in the structure of which there is a kinematic group of the 

fourth class, which consists of kinematic elements 2, 3, 4 and 5. The graph associated 

with this mechanism is presented in Figure 2. The number of independent contours that 

make up the structure of the mechanism is determined with the relation [1]: 

1 plNc                                                                                                                   (1) 

where cN  represents the number of independent contours, l is the number of sides of the 

graph and p is the number of its poles.  

In the case of the analyzed mechanism 7l  and 6p , so it results 2cN . The two 

independent contours are: 0-1-2-3-5-0 and 0-1-2-4-5-0. 

 

Figure 1. Fourth class mechanism 

 

 

Figure 2. The associated graph  
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The method of independent and closed vector contours [3] has been applied for the 

positional analysis.  

From the first independent contour 0-1-2-3-5-0 in the structure of the mechanism, the 

system of equations has been obtained: 
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Analogously, from the second independent contour 0-1-2-4-5-0 results the system of 

equations: 
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Between angles 22  and 21 , on the one hand, and angles 52
 and 51

, on the other 

hand, there are the following relationships (Figure 1): 


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                                                                              (4) 

Relations 2, 3 and 4 form a system of six equations with six unknowns, these being the 

angles: 51432221 ,,,, 
 and 52

.  

A simulator of the analyzed mechanism has been developed using Maple program. 

Solving the system of equations was done using the fsolve module included in the 

Maple program. 

A series of simulation results have been obtained by considering the following 

dimensions for the links of the analyzed mechanism: m2.01 AO , m4.0AB , 

m7.0AC , m5.0BC , m4.0BD , m45.0CE , m5.0DE , m7.05 DO , 

m45.05 EO , m1.151 OO . 

In Figures 3÷8 are presented the variation curves on a kinematic cycle of the angles 

51432221 ,,,, 
 and 52

, for one of the possible working configurations of the 

analyzed mechanism. 

 

 

Figure 3. The variation of the angle 21
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Figure 4. The variation of the angle 22
 

 

 

Figure 5. The variation of the angle 3  

 

 

Figure 6. The variation of the angle 4  
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Figure 7. The variation of the angle 51
 

 

 

Figure 8. The variation of the angle 52
 

 

Figures 9÷12 show the mechanism analyzed in different positions on a kinematic cycle 

obtained with the operating simulator for the considered work configuration. 

 

 

Figure 9. The configuration of the analyzed mechanism when 
601   
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Figure 10. The configuration of the analyzed mechanism when 
1351   

 

 

Figure 11. The configuration of the analyzed mechanism when 
2101   

 

 

Figure 12. The configuration of the analyzed mechanism when 
3001   

 

CONCLUSIONS 

In the present paper has been proposed a method for the positional analysis of a 

complex mechanism of the fourth class. First, using the graph associated to the 

mechanism, its component independent contours have been identified. By projecting the 

two vector contours on the axes of a conveniently chosen coordinate system it has been 

obtained the system of equations containing the position parameters. Solving the system 

of equations was done numerically, using the fsolve module included in the Maple 
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program. Then, the results obtained from solving the system of equations allowed the 

development of a functioning simulator of the analyzed mechanism using the facilities 

offered by Maple program. The variation curves of the position parameters on a 

kinematic cycle of operation that are presented at the end of the paper demonstrate 

through their continuity the good functioning of the analyzed mechanism. In the end, it 

can be concluded that the method presented in this paper offers a very effective solution 

for obtaining simulators of the functioning of complex mechanisms of higher classes. 
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