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1. Introduction

Finite Element Analysis (FEA) is based on that an
approximate solution to any complex engineering problem can
be reached by subdividing the problem into finite elements.
Using this method, complex partial differential equations
that describe the behavior of structures can be reduced to a
set of linear equations that can easily be solved using matrix
algebra. The method is used in many engineering areas, such as
aerospace, automotive, biomedical, chemical, electronics and
plastics industries. In addition, it has been used extensively for
forensic investigations [1, 2].

Like any other numerical approximation method, the
solutions that are produced by finite element analysis contain
some errors also. The magnitude of the errors is dependent on
the type, size, and fineness of the used model. That is the reason
why not all finite element models are created equal. Indeed,
the industrial experience is the most critical factor in obtaining
accurate results [3]. Processes that use FEA involves carrying
out a sequence of steps in some way.

Those sequences take two configurations, depending on (i) the
environment in which FEA is used and (ii) the main objective:
model-based simulation of physical systems, or numerical
approximation to mathematical problems [4]. A common use
of FEA is represented by the simulation of physical systems,
which requires models of such systems. Consequently, the
methodology is often called model-based simulation. The
process is illustrated in Figure 1 [5]. The centerpiece is the
physical system to be modeled. The process of discretization is
carried out to produce the discrete model. The solution step is
handled by an equation solver often customized to FEA, which
delivers a discrete solution (or solutions).

The paper presents the finite element analysis of Duplex
treated EN 34CrNiMo6 subjected to rotating bending fatigue.

2. Experimental procedure

The finite element analysis was performed on untreated
EN 34CrNiMo6 and Duplex treated by gas nitriding and work
hardening steels specimens. The finite element analysis using the
CosmosWorks FEA software was used to determine the stress
concentration or the critical dimension, and to determine the
nominal stress applied for life prediction. The analysis started
from the 3D geometrical model of the specimen used in rotating
bending fatigue test (Figure 2).
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A much finer mesh was selected in areas where the stress
evolution is faster and of higher interest (in the calibrated area).
In Figure 3 is shown the mesh structure of the 3D model of
the specimen used in rotating bending fatigue test. The mesh
consists in 96334 elements and 141780 nodes.
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Figure 1. The Physical FEA [5].

Figure 2. 3D model of the specimen used in rotating bending
fatigue test.

Figure 3. Meshing model used in rotating bending fatigue test.

Loads and restraints are necessary to define the service
environment of the model. The results of analysis depend
directly on the specified loads and restraints. Loads and restraints
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are applied to geometric entities as features that are fully
associative to geometry and automatically adjust to geometric
changes. The model was constrained at one end and loaded with
a constant force at the other end, see Figure 4.
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Figure 7. Equivalent Strain Plot.
Figure 4. loads and restraints.
The total life plot is displayed in Figure 8 and shows that
3. Results and discussions failure due to fatigue is likely to occur in the calibrated region

The stress distribution in the central area of untreated after approximately 24895 cycles.

specimens is roughly symmetrical, with a region characterized

Total Life (cyck)
by maximum stress of 6,,, = 689 MPa and regions with —
minimum stresses of o,,;, =327 MPa (Figure 5). Ig_“;,‘,,ws
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32t The stress distribution in the central area of the Duplex treated

specimens is presented in Figure 9.
Figure 5. Von Mises stress distribution plot for untreated
specimens.

The resultant displacements plot and the equivalent strain plot
for untreated specimens are presented in Figure 6 and Figure 7.
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N e The resultant displacements plot and the equivalent strain
65120004 plot for Duplex treated specimens are presented in Figure 10
34360004 and Figure 11.

1 0006033 The total life plot is displayed in Figure 12 and shows that
failure due to fatigue is likely to occur in the calibrated region

Figure 6. displacements Plot. after approximately 52462 cycles.
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Figure 10. displacements Plot for Duplex treated state.
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Figure 11. Equivalent Strain Plot for Duplex treated state.
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Figure 12. Life Plot.

The results obtained by FEA are presented in Table 1.

Table 1. Von Mises Stress and Life cycles values.

Structural state Von Mises Stress Life cycles
Untreated 400 24895
Duplex treated 690 52462

4. Conclusions

The finite element analysis was performed on EN
34CrNiMo6 untreated and Duplex treated steels specimens
using CosmosWorks FEA software. The method was used in
order to evaluate the life time of untreated and treated materials.

After performing the simulation, it can be concluded that the
results obtained through Finite Element Analysis for the Duplex
treated state are better compared to untreated state.
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The YPIC 2017 is the third YPIC event organized for young professionals worldwide. The
event is for students and young professionals who are specializing in welding and
materials testing technology.

This event aims to integrate and mediate professional knowledge in the special fields of
welding and materials testing. It is an opportunity to young researchers and professionals
to share and exchange results. The event is divided into the following parts:

+ Conference with oral presentations  + Workshops
* Poster presentation + Networking events

There is no restriction in ,categories” and ages of participants.
Professors and industrial representatives are welcome as well. It provides a forum for
networking and discourse for sharing and harmonizing ideas.
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