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Introduction
Current solid mechanics education in undergraduate
programs across the country focus only on theoretical
analyses with limited experimental demonstration, ignoring
the relation between material structures at different length
scales and related performance at the system level. Students
have difficulties connecting abstract solid mechanics concepts
to practical engineering problems due to the lack of
knowledge about why solid mechanics concepts are
developed and how to implement them to solve real
engineering challenges. The proposed M3E education module
integrates experimental testing results and materials’
microstructure images within a single package to explain the
rationale behind each fundamental solid mechanics concept,
such as stress, deformation, and fracture. The successful
completion of this project will establish a new education
approach and platform that can assist undergraduate
students in fully understanding the relationship between solid
mechanics, material properties, and microstructures.

Creation of M3E Education Module
Engineering materials are characterized using the multiscale mechanical testing
and visualization systems at the University of Oklahoma. The micro-scale testing
system includes a micro-mechanical testing system and a scanning electron
microscope. The samples can be tested under compression, tension, and shear
load conditions. At meso-scale, the micro-mechanical testing system is used with
an optical microscope. The surface morphology of samples can be imaged and
recorded during testing. At macro-scale, the samples prepared following ASTM
standards are tested by an Instron mechanical testing system. The strain fields
and deformations are measured using video extensometer and digital image
correlation technology.

Multiscale Mechanical Testing in Virtual Reality
Two virtual reality (VR) environments have been developed to allow students to
virtually conduct mechanical testing of various materials at both macro and micro
lengths scales. The VR environments allow operators (students) to interact with
mechanical testing machines and receive real-time data displays and images from
mechanical testing. These accomplishments significantly contribute to undergraduate
mechanical engineering education during a pandemic.
Mechanical Testing following ASTM Standards

Macroscale mechanical testing
following ASTM standards can be
conducted in VR environment.
Multiple
types
of
samples
following ASTM standards can be
tested under tensile loads. The
testing data is plotted in real-time
on the virtual screen in the VR
environment.
Students
can
interact
with
samples
and
mechanical testing frame.
Microscale Mechanical Testing in SEM

Objectives
The objective of this NSF IUSE project is to transform
undergraduate solid mechanics education by employing the
proposed
multi-scale
mechanical
and
material
experimentation (M3E) module to assist undergraduate
students in building the mental models that link solid
mechanics concepts to materials’ structures and processing
across multiple length scales.

Characterization of 3D printed and
cold-rolled aluminum
The comparison of microstructures in 3D
printed and cold-rolled aluminum clearly
shows the impact of manufacturing on
microstructures in metallic materials.
During the 3D printing process, the grains
were significantly compressed transverse
to the printing direction and extended
along the printing direction. In addition,
the averaged grain size was significantly
reduced due to the strong vibration
caused at the interface between two
layers of aluminum films.

Microscale Testing in an SEM under VR environment

Multiscale testing showing microscale grain sizes and

crack growth across micro-, meso-, and macro- scales.

Nanocomposites enhanced by nanoscale
particles, such as carbon nanotubes,
have attracted a significant amount of
interest. We focused on the multiscale
testing and imaging of carbon nanotubes
enhanced PDMS nanocomposites. In
order to demonstrate the impact of
micropores on mechanical behaviors in
composites, we characterized multiscale
performance of porous nanocomposites.
Micro-mechanical testing of porous PDMS nanocomposites.

The materials’ microscopic mechanical
behaviors can be tested virtually by
integrating
a
scanning
electron
microscope (SEM) and a micromechanical testing stage. The VR
environment has been developed to
allow students to conduct mechanical
testing of porous nanocomposites using
a microscopic testing stage within an
SEM.
The
microstructures
and
mechanical forces/loads are virtually
displayed in the VR environment.

Conclusions

Characterization of porous nanocomposites with carbon nanotubes

Two research questions are addressed in this project:
1) how can M3E module deepen undergraduate students’
understanding of fundamental mechanics concepts and
engage them in experiential learning?
2) How to evaluate the effectiveness of M3E on the
development of student competencies to solve abstract
and complex engineering problems in the materials and
mechanics domain?

Macroscale Testing in VR environment

The developed multiscale education module has the potential to significantly enhance
undergraduate mechanical engineering education. The experimental data collected
from multiple types of engineering materials have been integrated within the same
database for the M3E module. The developed VR environments are extremely useful to
improve solid mechanics lab courses, allowing the students to efficiently conduct
experiments remotely. The VR approach can ensure most of the required mechanical
testing for undergraduate engineering education can be efficiently completed without
significant investment in lab equipment. The implementation of the M3E module can be
extended to other universities efficiently.

Future Work
Currently, the team is implementing the developed M3E education module in multiple
undergraduate mechanical classes at the University of Oklahoma and Tuskegee
University. The team is also working with software engineers to compile the developed
virtual reality code as an APP for board applications.

