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ABSTRACT 

The paper presents the stages of realization of a computer program that allows the 

establishment of the differential model of the active mechanisms from the component of 

industrial robots. The computer program was developed using the Maple programming 

language. Finally, a series of simulation results are presented in the case of an active 

mechanism of an industrial robot with six degrees of freedom. 
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INTRODUCTION 

Within the realization of various mechanisms, the development of computational 

algorithms based on the study models and their transposition into computer programs 

are extremely important stages in their design process [1-16]. In this context, the 

development of the computer programs for the simulation of the functioning of the 

industrial robots in order to increase their performances is part of a very topical issue in 

the field of Robotics [17-20]. The paper presents the stages of realization of a computer 

program that allows the establishment of the differential model of the active 

mechanisms from the component of industrial robots. The computer program was 

developed using the Maple programming language. A series of simulation results are 

presented in the case of an active mechanism of an industrial robot with six degrees of 

freedom. 

 

THEORETICAL CONSIDERATIONS AND SIMULATION RESULTS 

The differential model of the active mechanisms from the component of industrial 

robots is expressed by the following equation [17,18]: 

qJx dd   (1) 

where x represents the vector that contains the operational coordinates:  
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pozx  and rotx  are the vectors that define the position and the orientation of the 

coordinate system )( TTTT zyxO  attached between the gripper fingers;  
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 T21 ... nqqqq  (3) 

is the vector that contains the coordinates: nqqq ,..., 21  corresponding to the active joints 

of the robot; 

J represents the Jacobean matrix which achieves the link between the variations of the 

operational coordinates and those of the coordinates corresponding to the active joints 

and may be calculated with the following relation [17]: 
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where: pozR  depends on the type of coordinates used to define the position of the 

component modules. When cartesian coordinates are used: 3IR poz , where 3I  is the 

unit matrix of rank three; rotR  depends on the type of coordinates used to define the 

orientation of the coordinate system )( TTTT zyxO ;  
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where: TR
0  is the rotation matrix corresponding to relative orientation between the 

coordinate system )( TTTT zyxO  and the fixed system of coordinates )( 0000 zyxO . 
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where: 1,0,1  nii

i
R , are the rotation matrices corresponding to relative orientation 

between the systems of coordinates )( iiii zyxO  and )( 1111  iiii zyxO  attached to the 

component modules i and i+1; T

n
R  is the rotation matrix corresponding to the relative 

orientation between the systems of coordinates )( nnnn zyxO  attached to the last module 

of the robot and )( TTTT zyxO . The column k of the matrix T

T
J  of dimensions )x6( n  

when a type of parameterization of the robot structure is used has the following 

expression [17]: 
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where: 0k  when the module k is of rotation and 1k  when the module k is of 

translation; kk  1 ; 
T)( T

k

k

T
RR   is the rotation matrix corresponding to relative 

orientation between the systems of coordinates )( TTTT zyxO  and )( kkkk zyxO  attached to 

the module k of the robot; 
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The vector TkOO
)(k  may be extracted from the homogeneous transformation matrix T

k
T , 

where: 
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For realization the computer program that allows the establishment of the differential 

model of the active mechanisms from the component of industrial robots it was used the 

parameterization presented in [17,18]. In this case the parameters used to establish the 

relative position and orientation between the coordinates systems attached to the 

consecutive modules i and i+1 are presented in Figure 1. 

 

 

Figure 1. Parameters used to establish the relative position and                                                                 

orientation between the consecutive modules i and i+1 [17,18] 

 

When using this parameterization the homogeneous transformation matrix 1i

i
T  has the 

following expression [17,18]: 
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A computer program that allows the establishment of the differential model of the active 

mechanisms from the component of industrial robots was developed using the special 

capabilities of symbolic calculation of Maple programming language. 

A series of simulation results are presented in the case of an active mechanism of an 

industrial robot with six degrees of freedom (Figure 2). 

 

 

Figure 2. The mechanism of an industrial robot with six degrees of freedom  

 

The values of the parameters that establish the relative position and orientation between 

the coordinates systems attached to the component modules are given in Table 1. 

 

Table 1. The values of the parameters 

i   i  d i   i  ri  

1 0 0 q1  0 

2 0 0 0 q2  

3 -90° 0 0 q3  

4 0 0 q4  
34l  

5 90° 0 q5  0 

6 -90° 0 
6q  0 

 

In the sequel are presented the expressions obtained with the computer program for the 

elements of all six columns of the matrix T

T
J : 



Romanian Journal of Petroleum & Gas Technology 

VOL. III (LXXIV) • No. 1/2022 

 

 

 

53 

 

 := col2







































 ( )sin q
4

( )cos q
5

( )cos q
6

( )cos q
4

( )sin q
6

( )sin q
4

( )cos q
5

( )sin q
6

( )cos q
4

( )cos q
6

( )sin q
4

( )sin q
5

0

0

0  

 := col3







































( )sin q
5

( )cos q
6

 ( )sin q
5

( )sin q
6

( )cos q
5

0

0

0             

 := col4









































 ( )sin q
6

( )sin q
5

l56

 ( )cos q
6

( )sin q
5

l56

0

( )sin q
5

( )cos q
6

 ( )sin q
5

( )sin q
6

( )cos q
5      

 := col5









































 ( )cos q
6

l56

( )sin q
6

l56

0

 ( )sin q
6

 ( )cos q
6

0                 

 := col6



































0

0

0

0

0

1

 

 

CONCLUSIONS 

In the paper a method for achieving the differential model of the active mechanisms 

from the component of industrial robots has been presented. In this scope, a computer 

program was developed using the special capabilities of symbolic calculation offered by 

Maple programming language. A series of simulation results have been presented in the 

case of an active mechanism of an industrial robot with six degrees of freedom.  
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