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Abstract: A mechatronics course provides an excellent forum for teaching introductory mechanical
design concepts.  The students can learn all the traditional materials such as planning tools,
evaluation matrices, functional decomposition, report writing, etc.  Furthermore, the product of
their design activities is exciting and rewarding because it is a mechatronic device.  However, in
addition to the fundamental design curriculum, the students must also learn basic mechatronic
concepts such as programming and electronics.  Combining all of this material into a single
semester course for undergraduates at the sophomore and junior level proves to be challenging.
This paper documents the goals and structure of such a course and describes its evolution.
Conclusions summarize the important lessons learned by the faculty.  Copyright © 2002 IFAC
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1. INTRODUCTION
Given that mechatronics combines several

disciplines, courses in this area are usually reserved for
the graduate level curriculum.  The predominant belief
is that a student must be well versed in mechanical
design, electronics, and programming in order to handle
mechatronics.  While this is certainly true for advanced
issues, basic mechatronics concepts can be grasped by
most engineering undergraduates.  Therefore, the
question arises as to when, and how, engineering
students should first be introduced to mechatronics.
Given that most universities have not adopted a
mechatronics requirement into the undergraduate
curriculum, the material must be integrated into the
classic disciplines.  

An introductory mechanical design course provides
an excellent forum for teaching basic mechatronics.
The students can learn the traditional mechanical design
curriculum: planning tools, evaluation matrices,
functional decomposition, report writing, etc.
However, because the final product is a mechatronic
device, the design is both interesting and rewarding.
The cost of these benefits is that, in addition to the
fundamental mechanical design curriculum, the students
must learn basic mechatronic concepts such as
programming and electronics.  Furthermore, it presents
a significant challenge to the faculty to integrate all this
material into one course for sophomores and juniors.  

This paper documents such a course at Georgia
Tech called, Creative Decisions and Design, and
describes its evolution.  Section 2 states the primary
goals and provides a layout of the course structure.
Section 3 describes the mechatronic elements that are
taught in the course.  Section 4 focuses on the issue of

teamwork, which is essential in a course with so much
material.  Section 5 describes the major lessons learned
thus far and how these have caused the course to
evolve.  Section 6 describes the process of obtaining
and utilizing industrial support.  Finally, the major
points are summarized in the Conclusions section.

2. COURSE GOALS AND LAYOUT
2.1 Course Goals

The major goals of the combined mechanical
design and mechatronics course are:
1) Teach students basic mechanical design techniques.
2) Teach essential communication skills such as report

writing and oral presentation.
3) Develop machining skills.
4) Introduce elementary mechatronics concepts.
5) Develop teamwork skills.
6) Allow the students to produce a mechatronic device.

Given that the course is the introductory
mechanical design class, the emphasis must be on
the classic curriculum in this area.  However, the
example cases and homework assignments
demonstrating the basic mechanical design tools can
be tied into the mechatronics aspect of the course.  

The objective of the communication component
of this course is to introduce students to the norms
of written and oral presentation of professional
project information.  Students are expected to learn
how to organize written and oral reports and to
present information both concisely and
impersonally.  Students are also expected to learn
how to integrate and explain drawings and tables in
both written and oral presentations.
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The goal of the machining component is to
provide every student hands-on experience with drill
presses, saws, lathes, and milling machines.  This
experience is needed so that the students can
generate realistic designs and also contribute to the
construction of their team's mechatronic device.

The elementary mechatronics concepts are
centered on using a stand-alone computer to control
actuators (DC motors, stepper motors, solenoids,
and shaped memory actuators) based on inputs from
sensors (micro-switches, infrared sensors, and flex
sensors).  The students create simple control
programs, download them to a controller, execute
the code, and then evaluate the result.  This requires
them to iterate on the mechanical, electrical, and
software components of their device.

Given the extensive amount of material and the
ambitious goal of designing and constructing a
mechatronic device, the students must work in
teams of 3-4 students.  The primary goals of the
teamwork element of the course are to have the
students learn how to organize team activities,
allocate tasks, and resolve inter-team conflicts.

The major product of the students’ efforts is a
mechatronic device.  This device must compete
against other machines in an end-of-the-term
contest.  The device is also presented in a science
fair that is judged by a variety of people, including
industrial sponsors.

2.2 Course Layout
The course consists of two one-hour lectures and

one three-hour laboratory session per week.  A variety
of mechanical design tools are presented in the lecture
and then reinforced by exercises in the studio and
homework assignments.  Tools such as quality function
deployment, functional decomposition, morphological
charts, decision matrices, and design for manufacturing
are presented in the lecture.

While these tools are important means by which
the design space may be expanded, refined, and well
organized, undergraduate students do not often realize
their importance or utility.  This is due to the fact that
many of the systems designed by the sophomores and
juniors are, by necessity, small scale, and
uncomplicated in nature.  The students often comment
that using the tools is only “busy work.”  Therefore, it
is important that these tools are discussed and
emphasized in relation to the goals of their mechatronic
device, as well as industrial machines that are well
known to the students.

Issues relating to teaching the students the essence
of the design tools rather than just the mechanics of
using them are critical in motivating the students to
really understand how to implement and take advantage
of them.  If the students do not understand the need and
capabilities of these tools, they will simply implement
them in exercises or design projects, but not truly

understand them.  This is quite similar to students
taking a plug-and-chug approach to their analytic
classes.  They can plug all of the numbers into the
equations and formulas; however, they do not have a
feel for the expected results and, therefore, cannot
interpret the answers beyond a cursory level.

The laboratory component of the course is broken
down into three parts: 1) preliminary projects, 2)
machining and electronics, and 3) mechatronics project.

2.2.1 Preliminary Projects
The preliminary projects are intended to illustrate

basic mechanical design methods and encourage
teamwork.  In the first studio assignment, groups of
students are required to build a simple structure using
only pasta and tape.  While the specific requirements of
the structure change each term, the goal is usually
something like supporting a golf ball as high as
possible or building the longest cantilever.  

Each team gets two attempts, both limited to 45
minutes of construction time.  Structures supporting
golf balls often reach heights of over 5 feet, as shown
in Figure 1.  It is common for the second attempts to
be significantly higher than the first structure.  Also
common is the Tower-of-Babel effect, where the
students design the structure to be unrealistically high
and it comes crashing down.  

Figure 1: Spaghetti Structure
Supporting a Golf Ball.
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The next laboratory assignment focuses on making
accurate and clear manufacturing instructions.  This is
accomplished through the construction of a newspaper
frame structure that must enclose two members of the
design team.  Each design team writes instructions for
building their structure from, at most, 40 sheets of
newspaper and a roll of masking tape.  The following
week another team must interpret the design
instructions and build the newspaper frame.  Time of
construction, material usage, and the structure's ability
to support an external load hanging from the structure
are used to determine the team’s score.  The pitfalls of
instruction writing in particular, but more importantly,
the conveying of ideas through words and figures are
stressed.

Dissection of two common household items is
another preliminary project.  A dead bolt lock and a
residential circuit breaker are disassembled in order to
discern their methods of operation.  Each group is
required to understand a well-optimized design and
discuss it in a systematic way.  Improvements on the
design are recommend by the groups which allows the
demonstration of Design for X, where X includes but is
not limited to cost, assembly, environmental impact,
security, and safety.  

In order to prepare for the final mechatronic project,
a paper-only design project is carried out.  Often
common and current problems are addressed.  Recent
designs include squirrel catchers, mosquito repulsion
devices, mini-blinds, safety razor scooters, CD storage
units, windshield wipers, and car-mounted polevault-
pole carriers.  Students learn how vague the “best”
design actually is and are introduced to the processes of
design iteration and evaluation before they must design
a real mechatronic device.

For all of the preliminary projects, each team must
give a presentation and submit a technical report
documenting their designs.  Most of the presentations
are required to be made using PowerPoint.  

2.2.2 Machining and Electronics
A good designer must understand the available

fabrication processes.  In order to instill some of the
concepts behind machining, the students are taught how
to use drill presses, saws, lathes, and mills.  They are
then required to manufacture some small parts that
require using all of the machines.  

Small mills and lathes, shown in Figure 2, are
employed to teach the students the fundamental
principles of machining.  The milling project fabricates
a bracket mount for one of the DC motors, while the
lathe is used to turn a coupler for mounting onto the
motor shaft.  Both projects utilize easily machineable
Delrin plastic.  The use of the small machine tools
improves safety, while also keeping costs low.  The
concept and implementation of tolerances are stressed
such that the students become familiar with the use of
calipers and dial measurements of tool motion.  The

feel of a hundredth and a thousandth of an inch enables
an understanding of how decreasing tolerances increase
machining time.  

During the same time frame as the machining, the
students also have an electronics laboratory where they
are required to program a small, stand-alone computer
so that it controls motors, solenoids, and shaped
memory actuators, using input signals from micro
switches, infrared sensors, and flex sensors.  This
element will be described in more detail in the
mechatronics discussion in Section 3.  

2.2.3 Mechatronics Project
When the students begin working on the

machining and electronics assignments they are also
informed of the design specifications for the
mechatronic device their team must build.  The
requirements are based on an end-of-the-term contest
between the machines.  

In order to ensure that each team makes sufficient
progress and that each student contributes to the
project, a number of intermediate goals are also
specified.  The first goal requires each student to build
a simple device that achieves one of the required
subfunctions.  This machine is not a mechatronic
device; rather it is powered by only two mousetraps and
gravity.  The device competes by itself to perform one

Figure 2: Hobby Size Lathe and Mill.
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of the subfunctions.  This project ensures that every
student develops the skills and confidence to contribute
to the main mechatronic device.  

The second and third intermediate goals require the
team device to perform progressively more
subfunctions.  These preliminary designs are evaluated
in a contest format that provides absolute feedback on
the quality of the design and construction.  The final
competition is preceded by a public design review
where dozens of judges talk to the students and evaluate
the devices in a science fair mode.  The judges come
from all walks of life, including administrative
personnel, engineers, and industry sponsors.  

Every term the theme and goals of the end-of-the-
term competition are different.  For example, in the
Spring of 2002 the contest was based on the movie,
The Lord of the Rings.  The three main objectives for
the machines were to defeat Wraiths, gather rings and
place them in Mount Doom, and steal rings from other
machines.  All of the tasks were executed during a one-
minute period.  During each match, six machines
competed in the competition arena sketched in Figure
3.  The arena was an equilateral hexagon with 4.5 ft.
sides constructed by 2X4 lumber over 1/2 in. plywood.
A 3ft. square starting zone was located near each side.
The students were allowed to place their machines
anywhere in this area to start the competition.
However, their machines were limited to an initial
volume of 12”X24”X18” (lengthXwidthXheight).  

The arena had 6 “home zones” directly in front of
the starting zone for each machine.  At the center of the
arena was Mordor, a hexagon having sides of length 1.5
ft. constructed of 1/2 in. plywood.  At the center of
Mordor was Mt. Doom, a 1 ft. high, 6 in. diameter
PVC tube.  

Mt. Doom
Wraiths
& Rings

3X3
Starting

Zone

Mt. Doom's
Shadow

Mordor

Figure 3: Competition Arena.

Figure 4: Mordor and Mount Doom.

The objective of each device was to score more
points than other machines by completing the required
subfunctions.  The devices defeated the Wraiths (plastic
cups) by knocking them over.  The Wraiths were placed
in each home zone as shown in Figures 3 and 4.  Each
defeated Wraith in a team’s home zone was worth 3
points.  Note that machines were permitted to steal
Wraiths from their opponents’ home zones, thus
earning more points.  The rings, located beneath the
Wraiths, were 0.75 in. PVC pipe segment cut to 0.5 in.
length.  A device received 1 point for placing a ring in
Mordor, 3 points for placing a ring in the shadow of
Mt. Doom, and 15 points if it managed to place a ring
inside Mt. Doom.  At the end of the one minute
competition time, any device still touching Mt. Doom
was accessed a 10 point deduction.  

Teams were permitted to use energy only from the
two 6 Volt gel cell batteries contained in the stand-
alone computer, as well as energy from 5 mousetraps
and gravity.  Teams were provided with a set of
actuators and sensors.  Teams could not purchase
additional actuators, but could purchase additional
sensors as long as their budget remained under $50.

There were several elements to the competition for
which the students had to build subsystems.  The
systems defeated the Wraiths, retrieved the rings, and
subsequently placed them into Mt. Doom.  This
multiple function format for the contest allowed the
specification of intermediate goals as discussed
previously.  For example, the requirement of each
student’s individual machine was simply to toss one
ring into Mt. Doom, while the goal of the first team
device was to knock over the Wraiths.  

3. MECHATRONICS ELEMENTS
3.1 Electronics

Any mechatronic course must contain electronics.
Here we employ a basic stamp to familiarize the
students with simple concepts of microelectronics.  The
heart of the electronics hardware is a controller box
designed and built at Georgia Tech.  A picture of the
controller is shown in Figure 5.  The controller box
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consists of an internal battery supply, which powers a
controller board containing a PIC chip, an A/D board, a
speaker, and motor drivers.  Both DC and stepper
motors, as well as solenoids and shaped memory alloy
actuators are given to each group as a part of the
electronics kit.  For sensing purposes, the students are
provided binary switches, an infrared sensor, and a flex
sensor.

3.2 Programming
The students are required to complete some initial

exercises that demonstrate the P-BASIC programming
language and the capabilities of the electronics and
hardware.  The programming assignments are often
more complicated than the ones used in the
competition, including the use of nested loops for
simultaneous operation of the various actuators.

Although the electronics seem daunting to the
students at first, they are actually quite simple.  A
plug-and-play system is used and the program is
modularized such that for all difficult operations the
process is hard-wired into the controller board or
example code is available.  This ease of use allows the
focus to remain on how to integrate the electronic
components into the solution for the design
requirements.

4. TEAMWORK
Given the amount of material in the curriculum and

the large workload, the students are organized into
teams of 3-4 students.  Given personality conflicts, this
team forming process is sometimes challenging.
However, informing the students that they will not
have a choice in who they work with after graduation
usually leads to acceptance and perseverance.  One
important aspect of teamwork is to use the intermediate
goals described above.  This helps the students organize
their team activities and gives them clear direction.  

Another important feature of the team structure is
the use of peer reviews.  The students are informed at
the onset that their teammates will review their
performance.  This review process can take many forms,
but it is done anonymously so that the students can be
honest in their assessments.  For example, one review
process gives the student a form stating that their team
has just been awarded a $250 prize for the design of
their device.  (The winners of the final contest do get a
$250 gift certificate.)  The students are asked to divide
the money amongst their team and state why they chose
their breakdown.  The written justification often
provides a valuable means for grading each student’s
contribution, as a consensus is usually obvious.  In one
revealing peer review, a student gave himself $150, he
gave one of his teammates the other $100, and then
claimed that the third member of the team owed him
money.

5. LESSONS LEARNED
A number of lessons were learned during the first

several iterations of the laboratory sections (each
contain about 20 students out of 150-200 students in
the entire course).  The first and most important lesson
learned is that the average student has little experience
with both basic hardware and low-level programming.
The largest problem was the lack of experience with
electrical hardware.  In particular, a number of
controllers were damaged when the students attempted
some basic wiring while the unit was powered.  The
students quite often did not wire the actuators and
sensors correctly, even though they were provided with
the appropriate wiring diagrams and lectures on wiring.
Nominally, this did not damage the controller boxes;
however, there were instances when the motor drivers
were damaged due to incorrect wiring.  

To address this issue, the connections to the
controller box were standardized such that actuators and
sensors can only be attached correctly.  Such
attachments reduce the flexibility of the system;
however, they provide a substantial reduction in
damage to the controller boxes and actuators.
Furthermore, the second generation of controller boxes
were subsequently designed with either fuses or circuit
breakers.  There is some uncertainty as to whether fuses
or circuit breakers should be used.  Fuses can be by-
passed (e.g., aluminum foil in the holder) and circuit
breakers allow recurring overloads to be ignored.  

From a software perspective, it was observed that
while students have experience with higher level
programming languages such as BASIC, C and C++,
few of them have experience with lower level concepts
such as byte programming or bit control of ports.  For
example, the concept of setting the 16 I/O ports of the
BS2 unit by setting a two-byte variable bit by bit (16
bits) to identify whether a port is an input (0) or an
output (1), was foreign to most students.  Terminology
such as least significant bit (LSB) and most significant

Figure 5: Controller Box.
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bit (MSB) was also not well understood.  To remedy
this deficiency, new lectures and studio exercises were
developed and implemented.

The first few terms of the course resulted in a great
variance in the quality of the machines.  Some teams
got started right away and worked consistently on their
machines, while others waited until the last week before
the contest to begin construction.  To alleviate this
problem, the multi-stage competition was developed.
Requiring the students to have a simple machine
constructed early on in the term and then require it to
perform progressively more subfunctions has greatly
improved the quality of the average machine.  

In order to test the effect of the course on the
students’ perceptions of the design process, a survey
was conducted at the beginning of the course in the
summer of 2002.  The survey asked the students to
rank the design challenges they expected to encounter
during the course of the mechatronic design project.
The students were given a list of 23 different possible
challenges.  Multiple versions of the list were handed
out, with the order of the choices changed.  The survey
was then conducted again, at the end of the term.  

Table 1 shows the results of the survey.  In the
beginning of the term, the students correctly identified
many of the key challenges such as time limitations
and limitations on the size of the machine.  The
students generally underestimated the difficulty
associated with part fatigue and friction in components.
From a mechatronics standpoint, the most interesting
result is that at the beginning of the term, the students
felt that programming the controller would be very
difficult – it was ranked the fourth most difficult
challenge.  However, at the end of the term,
programming was not perceived to be a major challenge
– it was ranked 16th.  

6. INDUSTRIAL SUPPORT
There are a variety of expenses involved in running

a course of this nature.  Some financial support for this
course is derived from industrial sponsors.  These
sponsors typically donate a pre-specified amount over a
five year period.  These funds are used to cover the costs
of new sensors and actuators, as well as maintenance on
current components and the controller boxes.  

Sponsors are eager to support this course for a
number of reasons.  First, this course is taken during
the second year by all mechanical engineering students,
so it is an opportunity for the students to become
familiar with the sponsoring corporations.  Students
learn about the sponsors in a variety of ways including
the listings on the class web site and a display in the
design studio.  Corporate sponsors also participate as
judges in the final competition, providing an excellent
chance for the sponsors to identify top mechanical
engineering students for permanent and co-op positions.
Several industrial representatives fly to Atlanta for the
contest from places such as Houston and Cincinnati.

The sponsors also enjoy supporting the course because
the competition stimulating and exciting.  The other
benefit of corporate sponsorship is that students see that
entities outside of Georgia Tech are interested in their
course work.  This motivates the students to perform
even better on their projects.

7. CONCLUSIONS
The course described in this paper has used the

introductory mechanical design course at Georgia Tech
to introduce basic mechatronics concepts.  Several
iterations on the course requirements have achieved a
curriculum that is both challenging and rewarding to
the student.  To complete the extensive course
requirements, the students must work effectively in
teams.  Significant industrial support has provided
excellent equipment and indicates the course material is
considered valuable by potential future employers.
Further information is available at the course website:
http://precision.me.gatech.edu/class/me2110/
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Table 1: Results of Student Survey.

Start of 
Term

End of 
Term

Design Challenge Rank Rank
Time Limitations 1 4
Triggering Subcomponents 2 3
Size Limit on Machine 3 1
Programming Controller Box 4 16
Precise Component Construction 5 5
Working with Team Members 6 7
Design Documentation 7 10
Torque Limits of the Motors 8 8
Sensing the Environment 9 13
Cost Limit on Machine 10 14
Force Limits of Solenoids 11 6
Joining of Materials 12 11
Material Selection 13 12
Part Fatigue 14 2
Speed Limits on Motors 15 19
Understanding Design Specs 16 20
Motor Speed Control 17 21
Friction in Components 18 9
Mathematical Calculations 19 23
Electronic Overheating 20 15
Wiring 21 17
Other 22 18
Painting 22 22


