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Abstract 
The rigid body represents an important concept in theoretical and technical mechanics, both due to its 
simplicity and to its applicability for the modelling in first order approximation of various mechanical 
systems, such as mechanisms, structures, components that transmit the motion of vibrating systems 
etc. In most technical applications, rigid bodies are connected by constrains, i.e. by systems that limit 
their relative motions. Various applications, as those in statics, that study the equilibrium conditions of 
systems, in dynamics, that study the motions of systems under the action of forces, or those of 
strength of materials, that calculate the capacity of systems to resist forces that act upon them, require 
the prior determination of reactions developed in the constraints between the bodies of the system. 
Such considerations represent the reason for which the curricula of the first years of engineering 
faculties in most universities of the world includes chapters dedicated to the equilibrium of rigid bodies 
subjected to constraints. The calculation methods described in these chapters represent an 
indispensable instrument in engineering education. However, limiting the teaching process to 
theoretical presentation can prove inefficient and tedious. For this reason, the authors of the paper 
have developed a computer program that determines the reactions developed in certain types of 
constraints of a rigid body, in equilibrium under a system of forces and couples of forces. The program 
can be used for the verification of results obtained by the students using analytical calculations, as 
well as for the visualization of the effects that changes in the configuration of the system have on 
results. The program adds up to a virtual laboratory dedicated to the study of mechanics and 
developed by the authors in recent years. 
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1 INTRODUCTION 
In any analysis of a multi-body mechanical system, whenever in the field of statics, dynamics or 
strength of materials, the determination of reactions developed in the constraints between the rigid 
bodies that form the system is one of the major steps. In statics, this is needed in the equilibrium 
conditions; in dynamics – in the study of the motions of systems under the action of forces, and in the 
strength of materials – to calculate the capacity of systems to resist forces that act upon them. 
Applications of these types of analysis form the basics of mechanical and civil engineering design, 
being used for mechanisms, building structures, components that transmit the motion of vibrating 
systems etc. Such considerations represent the reason for which the curricula of the first years of 
engineering faculties in most universities of the world includes chapters dedicated to the equilibrium of 
rigid bodies subjected to constraints. These chapters are based on the use of a rather consistent 
theoretical apparatus, which students often find difficult to relate to the real, physical behaviour of the 
studied systems. The use of virtual laboratories, a continuously increasing trend in modern education 
[1-9], could provide the solution. Virtual laboratories can provide visual simulations of various 
phenomena, to which students can participate interactively, by changing in real time the parameters of 
the experiment. Among their most prominent advantages, as compared to the classical experimental 
setups based on didactic instruments, are the simple, quick and accurate adjustment of their 
parameters and the superior visualisation capacities they provide.  

To facilitate the understanding of interactions between bodies in a multi-body system, the authors of 
the paper have developed a computer program that determines the reactions developed in certain 
types of constraints of a rigid body, in equilibrium under a system of forces and couples of forces. The 
code allows defining two types of constraints (simple support and hinge), as well as forces (with their 
magnitudes, directions and application points) and couples acting upon the body. The reactions are 
computed and displayed graphically together with the applied forces. The program, which adds up to a 
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virtual laboratory dedicated to the study of mechanics and developed by the authors in recent years 
[10-14], can be used both for the verification of results obtained by the students using analytical 
calculations and for the visualization of the effects of modifications made to the configuration of the 
system, such as changes of applied forces and couples, or modification of the constraints.  

2 THEORETICAL BACKGROUND 
A rigid body, simply supported in three points, S1, S2, S3, respectively, is considered (Fig. 1). The line 
of action of the support i makes the angle  with the axis Ox of a Cartesian coordinate system, while 
the position of the point Si is defined by coordinates  and . 

The body is acted by the forces Fi (i=1,2,…,n), applied in points Pi of coordinates xi, yi , respectively, 
and by the couples with the moments Mj (j=1,2,…,m). 

 
Figure 1. The rigid body 

If the lines of action of the three supports are nonparallel (i.e. angles , ,  are not equal), the 
intersection point O12 of the first two lines or action is defined by the coordinates 

 . (1) 

In this case, the moment equilibrium equation with respect to this point, 

  (2) 

or 

 , (3) 

determines the normal reaction N3: 

 . (4) 

If the first two lines of action are parallel, but they are not parallel with the third one ( ), the 
normal reaction N3 can be determined from the force equilibrium equation, with respect to the axis 
perpendicular on the first two lines of action: 
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 . (5) 

It follows 

 . (6) 

3 PROGRAM DESCRIPTION 
The main window of the program “Equilibrium” has five zones (Fig. 2). 

The first zone, located in the upper left part of the window, is intended for the input of bodies that form 
the system. The available bodies are plates (rectangles, triangles and circular sectors) and bars 
(segments and arcs). 

The second zone is used for defining the geometrical characteristics of the bodies. This requires the 
prior selection of the respective body in the upper grid. Body contour drawing can be set by checking 
the box “Contour”. 

The third zone, located in the lower left part, is aimed for the input of support positions (expressed by 
their coordinates xi and yi) and directions (expressed by their angles with respect to the axis Ox of the 
coordinate system). Pinned supports are defined by using two simple supports, perpendicular to each 
other. 

The fourth zone allows the user to define the loads, in the form of forces and moments applied to the 
system. The main required parameters are the values of the forces or moments and the coordinates of 
their points of application. In the case of forces, the angles with respect to the axis Ox is also provided. 

The fifth zone is a drawing control that displays in real time the defined bodies, supports and loads.  

  
Figure 2. Main window of the program 

Reaction computation is launched by using the button “Results”. After the analysis, the resulting 
reactions are drawn on the graphic representation in zone 5. 

Figs. 3-6 illustrate the successive steps performed for a simple application.  
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Figure 3. Definition of supports 

 
Figure 4. Specification of forces 

 
Figure 5. Specification of moments 
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Figure 6. Display of computed reactions  

The studied configuration can be saved in separate file for later retrieval. 

4 USE OF THE PROGRAM IN PRACTICAL SESSIONS 
The program is used in the practical sessions of the course of statics taught in the first year of 
engineering faculties. During the practical session, students are first instructed how to use the 
program and then simple applications are proposed to them for solving. Work is done in parallel by 
manual calculations and with the program, and the results are compared. A variety of systems can be 
defined by combining the five types of bodies available in the program, so that the students are 
encouraged to create their own applications, based on examples in their field. In addition, by varying 
the positions of supports or the body characteristics, students can observe the effect that these 
changes have on reactions. Depending on students’ profiles (mechanical engineering, civil 
engineering), relations with practical aspects of the profession and with disciplines that are taught later 
during the faculty can be underlined during the session. 

5 CONCLUSIONS 
A computer program was created, that determines and displays interactively the reactions in certain 
types of constraints of a rigid body, in equilibrium under a system of forces and couples of forces. The 
program is aimed for the use during computer-assisted practical sessions of the course of statics 
taught in engineering faculties. By using the program, students can easily visualize, in real-time, 
reactions occurring in the constraints due to forces and moments that they apply to the body. 
Moreover, they can check the results of their analytical calculations against the results provided by the 
program. Students can also study, using the program, the effects that changes in the applied loads 
and in the system configuration have on constraints. The program adds up to a virtual laboratory 
developed by the authors over one and a half decade. 
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