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Abstract: The paper presents a concept for the modelling and simulation of
an industrial robot by using finite element analysis (FEA). The FE analysis
was accomplished to simulate an environment close to reality by flexibilities
in the robot. The industrial robot was designed in the CAD (Computer Aided
Design) softiware CATIA, the 3D-model being then transferred to the MBS
(Multi-Body Systems) environment ADAMS/View. The strain calculation of
the three elements/links from the robot was made also by FEA. The
conversion of the rigid components in flexible element has been performed

through ADAMS/AutoFlex.
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1. Introduction

The purpose of the paper is to investigate
by finite element method the mechanical
behavior of three elements/links of the
IRB2400L ABB robot using
MSC.ADAMS  (Automatic  Dynamic
Analysis of Mechanical System), which is
a multi-body system software environment
[14].

Multi-body System Simulation (MBS)
and Finite Element Analysis (FEA) are
both practices in computational
engineering.

Multi-body analysis was focused on the
nonlinear dynamics of the system that has
been designed through rigid bodies and
linkages. The FEA method was used to
analyze deformation and stresses in the
mechanical system. The ADAMS/Flex is a
software product that combines advantages
of the MBS analysis and FEA solvers [1].

The industrial robot (ABB IRB2400L)
was used in deposition to obtain of thin
layers, which can be used in solar
energy conversion systems. In this case,
the robotic system is devices with six
degrees of freedom (6-DOF), which are
comply with 6 axes of the robot.

The virtual environment of the
mechanical system is designed by the use
of CATIA software environment (CAD -
Computer Aided Design) [1], [4].

This model is imported in the dynamic
analysis  environment ~ ADAMS/View
through the standard for the exchange of
product model data (STEP) file format. In
ADAMS/View, there have been modeled
the connections (joints) between the solid
bodies, and the actuating elements. In this
way, the MBS model of the mechanical
device of the robotic system (IRB2400L
robot) has been developed, which is shown
in Figure 1.a.
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a. Virtual model
Fig. 1. The virtual IRB2400L robot

The overall dimensions and
workspace of the manipulator is shown
in Figure 1b.

MSC.ADAMS software package

includes the ADAMS/AutoFlex module,
which combines simulations and results of
the MBS and FEA analyses. The aim of
this study is to simulate and analyze the
robot with multi-axis, including behavior
of the flexible bodies.

The paper is structured as follows:
Section 2 presents the setup of the
mechanical device (including the MBS
model, and the FEM model); Section 3
shows the results of the simulation; Section
4 discusses the main research findings.

2. Setup of the MBS and FEM Models

In this case, the IRB2400L robot (see
Figure 1) was used in the simulations. The
CAD software was applied for obtaining
the solid bodies (geometrical model) of the
robotic system [10], [13]. The solid model
contains information about rigid parts
meaning the mass and inertia properties
[2], [6], [8]. The dynamic model is
modelled under ADAMS software in order
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b. Physical model [14]

to analyse the dynamic behaviour of the
mechanical device.

In the simulation, the end-effector
(sprayer) was moved from its original
position to other position according to an
imposed trajectory (Figure 2). Getting the
joint  motion necessary to described
trajectory of the end-effector is actually
solving the inverse kinematic problem [7].

P

P2
Fig. 2. The imposed trajectory of the robot

The MBS software solution ADAMS is
used for the Kkinematic and dynamic
analysis & simulation of the mechanical
system. This is an efficient alternative for
the numerical simulation of the dynamic
behaviour of the industrial robot. The
geometrical and dynamic parameters of the
robot are presented in table 1.
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Table 1

Moment of inertia
[Kg.m?]
1=4.29-10°
lyy=2.96-10°
1,,=1.62-10°
1,,=5.18-10°
l,,=3.47-10°
1,,=3.12-10°
1,=2.02-10°
l,,=1.99-10°
1,,=1.82-10°
l,=1.95-10°
l,,=1.95-10°
1,,=4.2-10*
1=184.9
l,,=116.03
1,,=107.7
1=112.8
l,,=112.5
1,,=15.8

Mass

[kq]
m;=80.9

Parameter

Link 1

Link 2 m,=93.79

Link 3 m;=39.3

Link 4 m,=34.5

Link 5 ms=0.3

Link 6 m=0.12

The dynamic model of the robot is
shown in Figure 3; the model is used to
evaluate the dynamic behaviour.

FEA software is used to model the
flexibilities in the system, which allows the
accurate simulation of the dynamic
behaviour of the mechanical system with
flexible components  (bodies). FEA
software determines the tension of each
component of the mechanical system [3].

In the communication between the MBS
and FEA software environments, the MBS
analysis returns the state of motion and
loads of the mechanical system, while FEA
gives the state of the flexibility of the
components. In this way, it is possible to
accurately evaluate the kinematic and
dynamic behaviour of the mechanical
system [5], [9], [11, 12].

Figure 3 shows the flexible elements for
the three components of the robot (these
are the elements that generate the position
of the end-effector). In this case study,
only the components that define the
position of the end-effector have been
taken into consideration.

Y Joint1

Fig. 3. Finite elements model of the robot

The conversion of the rigid bodies in
flexible bodies was realized by the use of
ADAMS/AutoFlex. Total number of brick
elements was 22846, for the joint 1, joint 2
and joint 3 respectively. Steel material has
been used for the bodies connected by
these joints. The material properties of the
bodies are imported into the virtual model
by library packages.

3. Results and Discussion

In this study has been analysed the
behaviour of the manipulator IRB 2400L,
only the first three elements which
determine the position of the effector were
converted in  flexible components.
Therefore it was studied only the first three
joints of the robot.

This model has six motors. The rotor of
the motor is driven by the torque in the air
gap.

The strain, displacement and torque plots
are important to evaluate the mechanical
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system. To analyse the design of the
system, it is important to obtain the
information about strain and displacement.
Also, information about torque is
necessary to decide dimension of the motor
for the system.

In the studied model, was taken into
account the information about inertia and
weight of the elements.

Table 2 presents the difference between
the rotation of the reference industrial
robot and the rotation of the virtual robot.

The strain is the relative displacement of
a point on a body from an undeformed
state to a deformed one. In Figure 4 is
shown the diagram of the strain energy of
the second element of the manipulator.

Table 2
A Robot specification Computed
xes 1ls 0.1s rotation
Joint 1 150° 15° 14.9°
Joint 2 150° 15° 14.8°
Joint 3 150° 15° 14.9°
Strain Energy
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Fig. 4. Strain energy of the second element
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Fig. 5. Kinetic energy of the first three elements of the robot
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Fig. 6. Potential energy of the first three elements of the robot

Figure 5 shows the time history variation
of the kinetic energy of the first three
elements of the robot IRB 2400L (links 1,
2, and 3). In figure 6, there is shown the
potential energy of the same three elements
of the 6-DOF robot. From the two figures,
it is possible to conclude that the second
element (link 2) has the highest values, in
terms of kinetic and potential energy.

4. Conclusions

By using the software environments for
the simulation, analysis and optimization is
decrease the cost of the product or the
process and also is minimize the time of
the design. In the same time, the quality of
those products and processes is increase.

The application is an important example
of the virtual prototyping of the industrial
robot that is used to deposit thin films for
the solar energy conversion systems.

In this study was been described the
designing, simulation and analysis of the
rigid and flexible bodies for the robot
IRB2400L.

The FAE technique offers the possibility
to analysis the robot with multi-axis as
response to the dynamic model. To analyse

by FEA a flexible model is necessary to
determine number of flexible elements and
also number of the nodes.

In the future work, it is intended to
simulate and analyse the all components of
the robot converted in flexible elements.
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