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Abstract: Dynamic modeling of the robot TRTRR, whose cinematic diagram is shown in this paper, and  will 
be carried out in accordance with by applying formalism Newton-Euler, implemented in the program for 
symbolic modeling Robot Symbolic, Robot Dynamics module from within the program MatLab 7.1 . 
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1. INTRODUCTION  

 
Dynamic modeling of the robot 

TRTRR, whose cinematic diagram is shown 
in figure 1 will be carried out in accordance 
with [Ghi04], [Mar93] and [Jen92], by 
applying formalism Newton-Euler, 
implemented in the program for symbolic 
modeling Robot_Symbolic, Robot_ Dynamics 
module from within the program MatLab 7.1.  

For the application of Newton-Euler 
formalism should be make the geometric and 
cinematic modeling, as well as to determine 
the parameters for the distribution of masses.  
Also, certain hypotheses simplification 
proposals:  
- Choose mass centers Ci in the origins Oi 
of reference Cartesian systems Oixiyizi, i = 
1÷5, and thus the position vectors of the mass 
centers are null;  
- By choosing reference systems 
elements in such a way that their axes are 
aligned with the main directions of inertia 
corresponding to the origin of these systems, 
it appears that those mechanical moments of 
centrifugal inertia shall become null and void.  

 
2. DINAMICS OF THE TRTRR ROBOT 

 
The following parameters are presented 

for the distribution of masses, namely:   

• masses: M1,  M2,  M3,  M4,  M5;  
• mass centers:  
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• tensor of inertia: 
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where: 
i*

xJ , i*
yJ , i*

zJ , i = 1, 2, 3, 4, 5, represents 
the axial mechanical moments of inertia in 
relation to the system i, with the origin at the 
mass center Ci but also having the same 
guidance as the system attached with each 
component of the robot. 
  Determine, in accordance with [Isp04] 
and [Det07], the corresponding accelerations 
of mass centers, shall be carried out with the 
following relations: 
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Fig.4.11. Kinematics Structure of the TRTRR Robot for the 
Dynamics Study
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   For a start, mechanical structure is 
traveled through the iterative process toward 
the outside of the robot mechanical structure.  
In this way, it is determined the torsor of 
reduction for the system of environmental 
forces, giving the following relations:   
• external forces: 
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• moments of external forces: 
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In second part of the Newton-Euler 
method, the mechanical structure is traveled 
through the iterative process toward the inside 
of the robot mechanical structure.  So, 
determine the torsor of connecting forces 
moments of the components and their 
generalized forces that drive couplers from 
robot.    
 The torsor of reduction useful to 
manipulate are expressed by relations: 
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  The linkage forces have the following 
relations: 
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  The relations (21), (22), (23), (24), (25) 
can be transformed into: 
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Determine the generalized motors forces, 

for which general expressions are: 
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With the introduction of forces and 
moments components corresponding relations 
as demonstrated in this work should be 
obtained from relations (31), (32), (33), (34), 
(35) the expressions of the generalized motor 
forces.  They are: 
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The system composed of relations (36), 

(37), (38), (39), (40) together form the system 
of dynamic differential equations as 
characterizes the dynamic model of the TRTRR 
modular serial robot. 

 
3. CONCLUSIONS  
  

To carry out a study of the dynamic 
movement of a body in motion, apply motion 
Center of mass theorem, known as Newton's 
equation and theorem of angular momentum 
with respect to the applied, i.e. the dynamics of 
Euler's equation. According to this method, for 
determining the dynamic equations of the 
robots apply d'Alembert's principle for every 
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element in the structure of the mechanics of the 
robot. 

The Newton-Euler formalism requires 
use of iterative calculation method based on the 
method – Walter Luh Pol [Fu 87]. Calculation 
algorithm consists of two parts, namely: 
iterations out mechanical robot structure, after 
which is determined for each element “i” (i = 1, 
..., n) of the robot and accelerations speeds 
angular and linear elements, respectively torsor 
for reduction of external forces; iterations 
towards the inside of the mechanical structure 
of the robot, which is determined for each item 
"i" of the robot torsor of reduction for forces in 
the generalized forces couplers, engines of 
kinematic axis of the robot. 

In the work are presented in detail on 
these calculations, in the end, the generalized 
forces of the engines expressions Qm

(i), i = 1, ..., 5. 
Comparing the methods of dynamic 

study of industrial robots (formalism of 
Lagrange, the principle of virtual 
displacements, the Newton-Euler formalism), 
are found by applying Newton-Euler formalism 
can be determined from the installed adapters, 
robot reactions without frictions, while by other 
methods determine the equations of robot 
dynamic without taking into consideration the 

frictions, while the top methods determine the 
equations of robot dynamic without taking into 
consideration the frictions and reactions of the 
installation.  

Newton-Euler method disadvantage is 
complexity obtained for the member 
deformations and generalized forces, making it 
cumbersome to use. 
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ECUAŢIILE DINAMICE ALE ROBOTULUI TRTRR UTILIZÂND  
FORMALISMUL NEWTON-EULER 

 
Rezumat: Modelarea dinamică a robotului TRTRR, a cărui schemă cinematică este prezentată în acest 
articol va fi realizată în conformitate cu literatura de specialitate prin aplicarea formalismului Newton-Euler, 
implementat în programul de modelare simbolică Robot_Symbolic, modulul Robot_Dynamics din cadrul 
programului MatLab 7.1.  
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