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Using Computer Based Simulation to Improve Learning Experience in Mechanical
Behavior of Materials Class

Abstract

Traditionally, the study of Mechanical Behavior of Materials class relies on solving analytical
solution using a piece of paper and pen. With the advance of computer simulations, both hardware
and software, there is a need to advance the education with adoption of advanced computer
technologies. In this project, we recently developed a new project-based finite element modeling
module in Mechanical Behavior of Materials class. Specifically, students are required to identify
a project which requires to using a commercial finite element software package to simulate the
mechanical response of the system. Using an example of simulating fatigue property of a
component, it demonstrates that the revised engineering course becomes increasingly popular with
continued growth of interests.

1. Introduction

Mechanical Behavior of Materials is a graduate level course offered in our engineering department.
It teaches how loading and environmental conditions can influence the behavior of materials in
service. It covers elastic and plastic behavior, fracture, fatigue, low- and high-temperature behavior.
It also emphasizes on methods of treating these conditions in design.

Traditionally, the study of Mechanical Behavior of Materials class relies on solving analytical
solution using a piece of paper and pen. Through adopting advanced FEA (finite element analysis)
programs, the students have the opportunity to work on real-world issues, which is almost
impossible in the traditional teaching style, which only covers examples with simple geometry and
boundary conditions. With the advance of computer simulations, both hardware and software,
there is a need to advance the education with adoption of advanced computer technologies.

There are some previous studies on modeling of the fatigue responses of components. For example,
Emgel et al. [1] used finite element analysis to determine the various stresses in their model, then
simply use hand calculated stresses to calculate expected fatigue life. Afolabi et al. [2. noted that
stress concentration was a factor to consider a spinning shaft. However, they make no mention in
their analysis of attempting to make slight modifications of the part to mitigate this factor. Ma et
al. [3] applied to the performance analysis stage of a body frame product. Zaharia et al. [4] tested
the Monte Carlo method in the Weibull software, alongside using ANSY S for fatigue life analysis.
Swamy et al. observed that variation in grid size leaded to significant variation in the life of the
dental implant [5], making them the first to actually test several variations within an FEA software
(CATIA, in this case) over the course of a single paper. Despite this step in the right direction,
they were testing the effect of mesh density rather than actively changing their design. Vinod et al.
[6] tested the fatigue life of railway bar and train wheel in contact in ANSYS. Lu et al evaluated a
design to ensure the life met their design target.



2. Objective

In this project, the objective is to develop a project-based finite element modeling module in the
Mechanical Behavior of Materials class. Specifically, students are required to identify a project
which requires to using a commercial finite element software package to simulate the mechanical
response of the system.

As a case study, the fatigue life of a component using finite element analysis is demonstrated to
reduce the stress concentration caused by edges. The project will demonstrate the effectiveness
of making small changes in geometry, while drastically changing the stress severity. In the
following, it shows how the model is set up and the analysis of fatigue level. Additionally the
course evaluation and assessment data are presented.

3. Approach

This section describes an approach to analyze and design around stress concentrations in a
mechanical component as shown in Figure 1. The materials properties are summarized in Table
1.

Figurel: Finite element mesh of the model

Table 1: Materials properties used in the simulation
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A static mechanical loading analysis is conducted first. The stress distribution is shown in Figure
2, which highlights the areas where the part would fail first.
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Figure 2: Simulated von Mises distribution in the static mechanical loading analysis

To improve the mechanical strength, especially the fatigue life, two different geometric designs
are proposed, as shown in Figure 3 and Figure 4. As shown in the figures, some slight
modifications to the left end of the model were made.

Figure 3: Design model A



Figure 4: Design model B

The part in Figure 3, Model A, is the base model. The model in Figure 4 Model B, has had
rounds with a diameter of 0.15 mm applied to four small edges.

The fatigue life analysis is done with the Goodman equation, using adjusted stress to account for
the mean stress being equal to half of max stress. The fatigue analysis results are in Figure 5
below.
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Figure 5: Fatigue life of Model A
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Figure 6: Fatigue life of Model

As shown in Figure 5, Model A fatigue life shows that the low life is concentrated on a single area,
with a lifespan of roughly 107,000 cycles. In order to improve the fatigue life, the modification of
adding a few cubic millimeters of material to the part is evaluated, as shown in the Model B in
Figure 6.

In Figure 6, while the lower fatigue life area is spread out, but the life span is increased to roughly
174,000 cycles, an increase of nearly 70%. This is because the small rounds added to model B, as
no other settings were changed. With the rounds disrupting the stress concentration caused by
edges, this result is quite reasonable. The design of improvement is simple, without causing a
significant price increase, or requiring a large amount of analysis before the change is made.

4. Course Outcome Assessment

With the use of ANSY'S for the course project, the course outcome has progressed positively.
Figure 7 shows the course evaluation scores and the enrollment data in the recent three
consecutive offering.
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Figure 7: Course evaluation scores and student enrollment in the recent three semesters.

As shown in Figure 7, the instructor’s course evaluation scores of the course are all substantially
higher than (>30%) the average scores of other courses offered in the department, program, and
school, suggesting the popularity of the new revised course. The course evaluation scores do
fluctuate over the three semesters, with semester 1 as the highest. This fluctuation is likely due to
the different background of the students.

In terms of the number of student enrollment, the number of student has steady increased from
15 in semester 1 to 26 in semester 2, and 34 students in semester 3. The enrollment data show the
increasing popularity of the course.

5. Conclusion

In this project, we developed a new project-based finite element modeling element in Mechanical
Behavior of Materials class. Specifically, students are required to identify a project which
requires to using a commercial finite element software package to simulate the mechanical
response of the system. The major conclusions are summarized as follows:

1. The revised engineering course becomes increasingly popular with continued growth of
enrollment.

2. The revised course contents are well received by the students, as illustrated by the high
instructor’s course evaluation scores over three semesters.



3. Using fatigue analysis as a case study, it shows that FEA program is an effective learning
tool to teach the traditional mechanics courses. Making simple changes for iterative
design is simple and effective in FEA programs.
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