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Abstract— In this work, a methodology for calculating 

a class of lever mechanisms is proposed using a current 

software product for solving algebraic equations. They are 

adapted in the environment of the theory of mechanisms, 

where the main kinematic parameters of the articulated 

four-link mechanism are presented in graphical form. These 

parameters are linear and angular velocities and linear and 

angular accelerations. The work is related to the course in 

general and mechanical engineering at the Technical 

University - Gabrovo. 
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I. INTRODUCTION 

The proposed algorithm for the analysis of the most 
commonly used mechanism allows, in the operating 
environment of the modern software product Math LAB 
2020 for Windows, which has enormous computational 
capabilities and its graphic images on the monitor allow 
the reading of information with great accuracy, to 
accelerate and improve the analysis. The graphic images 
of the changes in the kinematic quantities (angles of 
rotation, angular velocities, angular accelerations, etc.) of 
the links of the mechanism, for one revolution of the input 
lever, make it possible to easily perform a force analysis 
of this mechanism. The reliability of the algorithm is 
established with a detailed solved example. 

The analysis is compiled with given: uniform rotation 
of the leading link 1, the initial angular orientation of this 
link and the geometric dimensions of all links of the 
mechanism. The algorithm, as is known [10] and [23] is a 
finite series of rules, according to which after a finite 
number of uniquely defined steps a solution to a given 
problem is obtained, uniquely corresponding to the 
conditions given in it. 

The purpose of the publication is to create a systematic 
approach for metric synthesis on discrete positions of 
lever mechanisms using the most commonly used 
geometric and algebraic methods, through the creation of 
algorithms and program modules in the Math LAB for 
Windows environment. 

The following main tasks arise from the purpose of the 
article: 

1. Compilation of algorithms for kinematic synthesis 
of four-link transmission hinge mechanisms using the 
following methods: the method of symmetries, the method 
of the maximally contracted evolute, the determinant 
method, the Alt method, the method using the 
Freudenstein [1] equation, the method using vector-matrix 
equations and the analytical-optimization method. The 
algorithms should be compiled for three, four and five 
discrete positions. 

2. Compilation of algorithms for kinematic analysis of 
four-link closed kinematic chains, three-link closing 
parallel chains in the profile of the inserted higher 
kinematic pair. 

3. The values of all sought kinematic parameters 
should be graphically and analytically reported. 

 

Fig.1 shows a four-bar lever mechanism. 

https://doi.org/10.17770/etr2025vol4.8428
https://creativecommons.org/licenses/by/4.0/
mailto:marinov@tugab.bg


Marin Jordanov Marinov. Computer Grafoanalitic Kinematical Analysis for Four-Bar Linkage Mechanism 

190 

II. MATERIALS AND METHODS 

II.1 Conditions and algorithm of analysis 

The algorithm for kinematic analysis is built with the 
following given conditions: uniform rotation of the 
leading link, the initial angular orientation of the same 
link and the geometric dimensions of all links of the 
mechanism. 

The construction of this algorithm is carried out in the 
following sequence: 

1. The input data determined by the analysis 
conditions (ω, r, l, R, , , L=A0B0) are entered. 

2. The number of positions n of the mechanism at 
which the analysis will be performed is determined. 

3. The step by which the leading link will rotate when 
moving from one to an adjacent position is determined. 
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4. The number of positions of the mechanism is 
chosen as a variable parameter i n . 

5. Three arrays of values of the angular orientations of 
the leading link are calculated, each of which is for n–1 
positions 
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6. Three arrays of coordinates XA and three arrays of 
coordinates YA of the center of the movable hinge A 
(connecting the leading link to the reel fork) are 
determined, at n–1 positions of the mechanism. 
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7. The six arrays of coordinates of the movable joint B 
(connecting the crank and the rocker arm) corresponding 
to the arrays (3) are determined, each of which is 
respectively for n–1 positions of the mechanism: 
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8. Using the condition for geometric constraint of the 
crank and the arrays (3) and (4), six arrays of the sinus 
and cosines of the angular orientations of the rocker k , 

l , m are determined. 
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where: 
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9. Three arrays of the angular orientations of the 
rocker are calculated: 
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10. By performing two consecutive numerical 
differentiations, two arrays of numerical values are 
determined, respectively for the first and second 
translation functions of the mechanism. 
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11. Two arrays of the numerical values of the angular 
velocity ωR and the angular acceleration εR of the rocker 
are determined. 
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                                  (9) 
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12. Six arrays of the numerical values of the 
coordinates of the hinge B are calculated. 
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13. Six arrays of the numerical values of the sinus and 
cosines of the angular orientations of the winch are 
determined 
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14. Three arrays of the numerical values of the angular 
orientations of the winch are calculated:  
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15. Two arrays of the numerical values of the first and 
second derivatives of the angular orientations of the winch 
are calculated, respectively. 
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16. Two arrays of numerical values of the angular 
velocity and angular acceleration of the object are defined. 
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17. Six arrays of numerical values of the coordinates 
of the center of gravity of the object are calculated. Here 
this will be done assuming that the object has a constant 
cross-section.. [3] 
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18. Four arrays of numerical values are defined, two of 
which are for the velocity projections and two for the 
acceleration projections of the center of gravity S of the 
object. [4] 
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19. Plot the graphs of the kinematic and geometric 
parameters of the mechanism as a function of the angular 
orientation of the leading knee 1. 

III. RESULTS AND DISCUSSION 

Example: To perform a kinematic analysis of a 

hinged four-link mechanism given: ω=80s-1, r=60mm, 

L=120mm, φ1=0, φ0=π/6. 

 

Fig.2 The change in the angle of the third link, as the first and 

second position functions. 

The analysis was performed according to the compiled 

algorithm. 
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In Fig.2, the graphs of the position function ψR= 

ψR(φ), of the first translation function ψ'R= ψ'R(φ)  and of 

the second translation function ψ"R= ψ"R(φ) are plotted.  

 
Fig.3 Angular velocity and angular acceleration. 

In Fig.3, the graphs of the angular velocity and angular 

acceleration of link 2 are plotted. 

 

Fig.4 The relative rotation of the second unit 

 In Fig.4, the graphs of the angular orientations l=l(φ) 

,  'l='l(φ)  and  "l="l(φ) are plotted. 

 
Fig.5 The angular velocity and angular acceleration of the second unit. 

 Fig.5 shows the graphs of the angular velocity and 

angular acceleration of the forklift. 

 
Fig.6 The coordinates of the centers of gravity of units 1, 2 and 3. 

 Fig.6 shows the graphs Xs= Xs(φ) and Ys= Ys(φ), as 

well as the first and second translation functions of the 

two displacements. 

 

Fig.7. The linear velocities and linear accelerations of the centers of 

gravity of the initial unit. 

 Fig.7 shows the graphs of the velocities and 

accelerations of point S as a function of the rotation of 

the initial unit 1. [9] 

IV. CONCLUSIONS 

This article is intended for the education of bachelor's 

and master's students in the field of mechanical 

engineering and the field of applied analysis of 

mechanisms and machines for industry. 

The purpose of this publication is to raise the level of 

teaching in the field of the theory of machine 

mechanisms and automatic lines in industrial production. 

The program prepared in the MathLab 2020 

environment is very voluminous and therefore only the 

graphs of the derivative functions (velocities and 

accelerations) are given. 

The development of program modules for synthesis, 

in an environment of modern software products, allows 
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for the acceleration of the synthesis process itself, as well 

as for the analysis of the obtained results. 
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