De-Compartmentalization of Solid Mechanics Courses through
Experiential Learning
Rani Warsi Sullivan

ABSTRACT
The innovation described here can best be
categorized as an innovation in context. The
overall goal is toward de-compartmentalization
of some of the solid mechanics courses in the
Aerospace Engineering (ASE) curriculum by
integrating mechanics concepts and topics
through integration of research and experiential
training. Initial efforts to integrate research with
active and project-based learning in the
undergraduate aerospace structural analysis
and engineering mechanics (EM) courses is
presented.

EXECUTION

Mississippi State University

LEARNING ACTIVITIES & MATERIALS
Strength of
Materials
EM 3213

•Beam Test System (BTS)
•Design of a whiffletree
loading system.

Abstract

EDUCATIONAL OBJECTIVES
The primary objective is to enable the
understanding
of
the
interrelationships
between concepts covered in the solid
mechanics courses to:
 Improve understanding and retention of
fundamental engineering mechanics concepts.
 Develop the ability to analyze and design
structural members based on given strengths
and stiffness requirements
 Facilitate teambuilding, communications,
brainstorming, and leadership.

Aerospace
Structural
Analysis
ASE 3223

Vibrations
EM 3413

•Determination of the
shear flow in a 2-cell
wing section

•Determination of the
modal characteristics
of an all-composite
UAV wing.

DEVELOPMENT HISTORY
The design and development of a structural
testing system for the static and vibration testing
of a full-scale composite ultralight unmanned
aircraft prompted the development of the beam
test system, and created many opportunities to
integrate research & education.
My solid mechanics courses (strength of
materials, vibrations and aerospace structures)
taught to > 400 students from a variety of
disciplines over the last 5 years.

DISCUSSION
I believe in an integrated approach to student learning and
retention of topics.
Therefore, I am interested in
discussing the challenges and best practices regarding “decompartmentalization” of the ASE solid mechanics
curriculum that provides the opportunity for more student
involvement by integrating research and education. At the
2012 FOEE symposium, I look forward to
 Gaining practical information regarding innovative
educational approaches.
 Exchanging experiences and progresses in engineering
education from experts and colleagues to implement in
my courses for the benefit of my students.

ACTIVE AND/OR PROJECT-BASED LEARNING ACTIVITIES
The Beam Test System (BTS) is designed to be a portable,
modular unit that is used for classroom demonstrations and for
experiential training in the following activities. 4-member
teams are required to setup and calibrate the BTS apparatus
prior to conducting their experiments
EM 3213 – Strength of Materials
Analysis Activity: Analysis of a simply supported beam with a
concentrated force. This activity involves:
Stresses and deflections at indicated locations on a simply
supported beam, instrumented with strain gages, are
determined and compared with the analytical solution. Beams
of two different materials and geometries are tested.
A final report is required in which assumptions of simple beam
theory and possible sources of errors and disagreements with
the analytically obtained solution are expressed.
Design Activity: Design of a whiffletree system to apply a
specified load distribution. Whiffletree systems are commonly
used in the aerospace industry for structural testing of aircraft
and their components in a safe and effective manner to
simulate an in-flight loading condition.
Design of a 2-level whiffletree system to relate a specified
distributed loading to a single equivalent concentrated force of
specific magnitude and location. This design activity requires
the use of key engineering mechanics concepts (free body
diagrams, equilibrium equations, and sizing of whiffletree
components) from two engineering mechanics service courses:
Statics and Mechanics of Materials.
A team report is required.
ASE 3213 - Aerospace Structural Analysis.
Shear flow analysis in a 2-cell wing section. This includes the
experimental determination of strains due to a concentrated
force and a combination flexure and torsion loading on an
actual aircraft wing section. A final report is required.
EM 3413 –Vibrations
Determination of the modal characteristics of an all-composite
UAV wing is addressed throughout the semester with
increasing accuracy as course concepts and methods are
developed and applied.
SELF DIRECTED LEARNING
Evaluations and Concept Inventory – after major topics,
students are asked to submit 1-minute papers describing the
most important and the most confusing concepts.
A mid-semester evaluation is conducted to determine overall
satisfaction with teaching methods and tools.
A concept inventory (CI) for each course is in development.
The intention is to locate and modify existing CI documents for
each course.
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