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Abstract: UnicenP’s First Engineering Games took place in October of 1999, and consisted of
three tasks designed by engineering faculty which involved all courses taught in first year. Teams
were made up of students from all four Engineering programs currently offered by the institution.
The games occurred over a period of three days and proved a successful effort at introducing
multidisciplinary events into the engineering curricula.
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1. Introduction

The undergraduate engineering programs offered at UnicenP are Civil, Computer, Electrical, and Mechanical.
Following a strong trend in contemporary education, Engineering faculty at UnicenP has been trying to promote
multidisciplinary events. Thus, in October of 1999 took place our First Engineering Games, which consisted of
three multidisciplinary tasks involving concepts studied during the freshman year.

The four engineering programs listed above are annual, with the freshman year being very similar in all cases. In
the first year, courses common to the four programs are: Calculus, Linear Algebra and Analytic Geometry, Physics,
Technological Chemistry, Engineering Design, and Computer Programming. In addition to these courses, Civil and
Mechanical Engineering students also take Descriptive Geometry and Computer Aided Drawing. Program-specific
disciplines taught in the first year in order to give the students a glimpse into their future professions are: Surve ying
for Civil Engineering, Logic for Computer Engineering, Electronics for Electrical Engineering, and Metrology for
Mechanical Engineering.

The present paper concentrates on the description of task two of the 1999 event, with task one having been the
subject of a similar paper [1] to be presented at the ICEE-FIE 2000 Conference.

2. Games Regulations

One day before the beginning of the games, the rules and regulations were distributed to the students and team
composition was made known. These regulations consisted basically of the following points:

o the students were divided in 15 equally-skilled teams, based on their performance during the first semester.
These teams were composed of students from the four programs, an aspect designed to impress upon the
students the reality of working in multidisciplinary teams, a certainty in their future professional careers. Each
team was assigned a different colour, with T-shirts of these colours being distributed to all participants and their
use made compulsory. Modifications in the composition of the teams were not allowed during the event.;

o the technical part of the Engineering Games occurred over a period of 3 days, with 5 teams performing one of
the tasks each moming. On day four, recreational activities were performed, which accounted for 15% of the
final score. Marks received in the three technical tasks were included in all courses as 20% of the fourth
quarter grade;

o at 7:30 hs, every morning, teams received instructions and equipment for the completion of that day’s task;
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e each team had to hand in a report by noon, which was analysed considering originality, correctness and speed.
The inclusion, in this report, of team members noted not to have participated in the task would incur in the
assignment of a null grade to the team;

o amaximum of three tips for each task could be acquired from the proctors (faculty members) at the expense of a
1.0 point deduction from the final mark for each tip acquired, where the maximum final mark possible was 10.0;

o the organising committee did not guarantee privacy of the teams during the performance of the tasks. Therefore,
each team was responsible for guarding against possible “spies”, since all tasks would be under execution
concomitantly;

o students belonging to teams classified in first, second, and third place were awarded medals;

o plagiarism, interference with other team’s work (sabotage), damage to equipment or installations, and excessive
noise would lead to punishment in the form of mark deductions, and possible additional sanctions as predicted
by prevailing regulations;

o the material distributed for the execution of each task should be utilised unmodified and in a non-destructive
manner.

3. The Tasks

The three tasks of the First Engineering Games were designed in order to involve all courses taught during the
freshman year, and already listed above. They also had to provide challenging, yet feasible, problems for the
students. Table 1, below, shows the courses covered by each task, regarding course contents in first year. In this
regard, task 3, for instance, which involves temperature measurements, would, in the broader sense, certainly
involve Physics, but thermal sciences are only covered in second year Physics.

Table 1. Subject courses involved in each of the tree tasks devised for UnicenP s first engineering games.

Course Task 1 | Task2 | Task3
Calculus X
Computer Programming X X
Descriptive Geometry and X
Computer Aided Drawing
Electronics X X
Engineering Design X X X
Linear Algebra and Analytic X
Geometry
Logic X X X
Metrology X X
Physics X
Surveying X
Technological Chemistry X

The first task involved the determination of an area demarcated in the front campus by colour-coded wooden
stakes. Each of the five teams working on task 1 on a given day was assigned a certain stake colour, and had, as first
part of the task, to locate the four stakes which demarcated a non-rectangular area on the terrain. The task called for
the determination of the area by the four following methods: sub-division in triangles, inner product of vectors,
double meridian distances, and use of a computer program developed by Civil Engineering students and provided to
all teams with a few errors introduced. Also asked for was an analysis of the statistical uncertainty of the
measurement processes adopted, and a detailed computer-aided drawing of the area being measured. Regular
surveying equipment was not made available to the students, nor was its use permitted during the games. Figure 1
shows the general setting in which task 1 took place.



Figure 1. Blue team at work on task 1.

The second task was the determination of the moment of inertia of a homogeneous wooden cylinder of radius R
and height h, along the longitudinal axis (z).

The moment of inertia 7, should be determined experimentally, analytically, and numerically. The experimental
determination relied on the utilisation of:

the rotating cylinder itself,

mounted at the high end of a 1.50 m long inclined plane (shown in Figure 2);
2.0 m of string;

one brick of known mass with a polished surface;

one 2.0 m long measuring tape;

a stopwatch.

Figure 2. Members of the red team working on the experimental determination of the moment of inertia of a homogeneous wooden cylinder,
aspart of task 2,

The analytical determination of the moment of inertia relied on its theoretical definition and the solution of a
simple integral, while the numerical determination involved the study of the extended trapezoidal rule [2], a subject
not covered by the time the games took place, and the analysis and correction of a bug-filled computer program
supplied.
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In more detail, in the experimental part, the students were expected to indirectly determine the moment of inertia
of the cylinder through the measurement of its angular acceleration when a block of known mass moved down the
inclined plane shown in Figure 2. In order to do that, they were told to employ Newton's second law, in the scalar
form, for rotation

F=ma )
and translation
t=1a )

were F is the force acting on the block [N],

m is the mass of the block [kg],

a is the acceleration of the block [m/s?],

T is the torque applied on the cylinder [N.m],

I is the moment of inertia of the cylinder [kg.m?],

and a is the angular acceleration of the cylinder [rad/s?).

The torque, T, which appears in equation (2), can be obtained through
T=1R 3)

were T'is the force applied by the string on the cylinder [N],

and R is radius of the cylinder [m)].

The students were expected to find the force 7, applied on the cylinder, by considering both the mass of the
sliding block and its friction with the inclined plane. They were told to employ a dynamic friction coefficient, py
25% lower than its static counterpart, |t., which had to be estimated experimentally.

In the theoretical part of the task one was expected to employ calculus principles and start with the definition of
the moment of inertia

R
1, =Ir2dm @)
]

in order to obtain
mR?

I, = 5)

The more common form of the moment of inertia, usually employed in strength of materials, can be obtained by
transforming the mass integral, in equation (1), into a volume, or area, integral.

Finally, the computational part of task 2, contained a brief explanation of the extended trapezoidal rule for
numerical integration [2], since the subject had not been covered by the time the games occurred, together with an
algorithm

The third task called for the identification of a pure chemical compound, based on its boiling point, without the
use of a thermometer. Figure 3 shows a group of students at work on the task.

4. Results

The completion of the tasks by the students was achieved in avery satisfactory way, notwithstanding the fact that
the “ideal” solutions, as devised by the faculty members, were hardly approached. Much of the equipment
distributed was put to uses which were not even imagined by the organisers, let alone predicted by the manufacturers.
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Figure 3. Members of the green team working on the experimental determination of the boiling point of a chemical compound (task 3).

The quality of the results, however, was very satisfactory, and the general feeling among the faculty was that the
students succeeded in solving the engineering problems posed.

5. Conclusions

Student response to the Engineering Games was overwhelmingly positive, not only because these games provided a
welcome break from daily classroom activities, but mainly because the tasks gave the students a chance to apply in
real life concepts learned during the year.

Participation in the games was not made compulsory, and absenteeism in the period was noticeably lower than
during regular classes.

The events held on day four were of a more recreational nature, and included a treasure hunt, an egg-drop
competition, a push-up competition, a joke tournament, and a barbecue.

The build-up of a team spirit and comradery among members of different teams and between sudents and
professors was remarkable and is observed to have lasted past the duration of the games.

Even before the end of the games, most students were enquiring about the next games, which only served to
reinforce the organizer’s decision of making the Engineering Games a yearly affair at UnicenP.
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