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Abstract. In this paper is presented a numeric analysis to determine the displacements and stresses for the 
strength structure of an industrial serial robot. This numerical analysis with finite element method consist in 
study of the robot when is loaded with maximum handling force, to realize a simple task like pick&place. 
Keywords: analysis, finite element, displacements, stresses, robot. 

 
1. INTRODUCTION 
 

The numerical study has the purpose to 
determine the displacements and stresses for 
the strength structure of the industrial serial 
robot Fanuc LR MATE 100iB.  

To determine the displacements and stresses 
on entire structure of the robot, has realized a 
numerical study in static mode, with Finite 
Element method (FEM) using Ansys 12.1 
software (working module – Static Structural).  

To perform this numerical study has chosen 
a working position of the robot, where arm 1 
and rotation module, respectively arm 2 and 
arm 1 form a 90o angle.    

In figure 1 is shown the CAD model of the 
studied robot with considered working position 
and the constructive elements of this.  

The strength structure of the robot has 
established starting from structural study of this 
from technical documentation, more exactly the 
study of internal construction of the robot, the 
motion transmission mechanisms from driving 
motors to modules, of assembly of different 
mechanical, electrical and pneumatic parts, etc.    

Thus, was observed that the internal parts 
are attached with housing by screws, and the 
rotation motion of the modules is transmitted 
from driving motors to modules through gears 
and reducers.  
 

 
Fig. 1. CAD model of the robot 

 
The efforts that arise inside of the robot from 

driving motors are taken, almost entirely, by 
housing (thought screws), so we can say that 
the housing is the strength structure of the 
robot.  

The material of the strength structure is iron 
alloy, having the following mechanical 
features: 

- Density : 3mkg7200=ρ ; 
- Young’s modulus : 
                     25 mm/N101,1E ⋅= ; 
- Poisson ratio: 28,0=υ ; 
- tensile ultimate strength: 
                2

r mm/N280
i
=σ . 
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2. NUMERICAL STUDY OF 

STRENGTH STRUCTURE OF THE 
INDUSTRIAL ROBOT   
 

The numerical study was realized using the 
values of efforts obtained analytically in the 
paper [4], the robot being loaded with forces 
and/or moments corresponding to nodes 2, 3, 6, 
7 and 8, which represents the gravity center of 
driving motors plus the maximum handling 
force  F3 = 50 N; 

To perform the numerical study it was 
taken into account the following simplifying 
hypothesis and constrains:  

- were not taken in study the rotation joints, 
gears and bearings and screws;  

- the covers and their corresponding 
modules of the robot was considered a 
single body;  

- the robot was fixed in the feet from the 
robot’s base;  

- the mesh of the structure was done 
automatically, choosing the dimension of 
finite element 30 mm, resulting 170.241 
elements and 288.561 nodes.  

In figure 2 is presented the mesh of strength 
structure of the robot realized with Ansys 12.1.  

 
Fig. 2. The mesh of the strength structure of the 

robot Fanuc using Ansys 12.1  
 

To perform the numerical study with FEM 
its starts from the base of the robot, adding one 

module at a time, finally obtaining the global 
distribution of displacements and stresses.   

Was approached such a procedure to observe 
the behavior of the strength structure under the 
loading action, and also to observe the 
evolution/variation of the distribution of 
displacements and stresses, from the base 
module to orientation module.  

In figures 3 and 4 are presented the obtained 
distribution of displacements and stresses using 
FEM in static mode, for the chosen particular 
working position, and for a better view of the 
areas where the equivalent stresses (von Mises) 
are maxim has done details.  
 

 
a) 
 
 

 
b) 

Fig. 3.  Distribution of displacements obtained with FEM 
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c) 
 

 
d) 

 
e) 

Fig. 3.  Distribution of displacements obtained with FEM 
(continuation)  

 
a) 

 
b) 
 

 
b) 

Fig. 4. Distribution of von Mises stresses obtained with 
FEM 
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c) 

 
d) 
 

 
e) 

Fig. 4. Distribution of von Mises stresses obtained with 
FEM (continuation)  

 
In table 1 has given the numerical values of 

maximum total displacements (by axis x, y and 
z)  and of maximum von Mises stresses, and in 
figure 5 a) and b) are given the variation 
graphics of displacements and stresses 
according to application nodes of efforts.  
 

 
 
                                                   a) 
Fig. 5. Variation of total displacements (a) according to 

application nodes of efforts [4] 
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                                                                                                                                                           Table 1 

The maximum numerical values of total displacements and von Mises stresses   

 
 

 
 

 
b) 

Fig. 5. Variation of von Mises stresses (b) according to 
application nodes of efforts [4] (continuation) 

 
 
3. CONCLUSION AND OBSERVATIONS 
  

In this paper has presented:  
• a numerical study in static mode to 

determine the displacements and 
equivalent stresses in the case of strength 
structure of the industrial serial robot 
Fanuc LR Mate 100iB, for a particular 
chosen working position; 

• the maximum value of displacement has 
obtained for the rotation module (figure 3 
b)); 

•  the interested value of displacements is 
the one obtained over the entire strength 
structure (figure 3 e)), which is quit low 
so that will not influence the accuracy of 
the robot;  

• the maximum values of stresses has 
obtained to the base module, but the von 
Mises equivalent stress corresponding to 
the entire structure is quite low, so it will 

not have a great influence on the structure 
of resistance of the robot; 

• equivalent von Mises stress values are 
influenced by the CAD model of the 
structure and construction of various 
elements such as beams connection etc.  

• the obtained reduced numerical values 
distinguish that the studied particular 
working position not raise problems from 
strength structure and accuracy point of 
view, even when the robot is loaded with 
maximum load handling.    
Future numerical studies will be made 

deeper (static and dynamic) and experiments to 
obtain information as true on the state of 
stresses and deformations for the Fanuc LR 
Mate 100iB robot. 
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Analiza numerică a stării de tensiuni şi deformaţii ale unui robot industrial serial 5R 

 
Rezumat. Lucrarea de faţă prezintă o analiză numerică pentru determinarea deplasărilor şi tensiunilor în cazul structurii 
de rezistenţă a unui robot industrial serial 5R. Acestă analiză numerică cu metoda elementului finit cuprinde studiul 
robotului atunci când acesta este încărcat cu forţa maximă de manipulare, pentru a realiza o mişcare simplă de 
pick&place. 
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