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Abstract

Engineering Criteria 2000 of the Accreditation Board of Engineering and Technology
(ABET) is encouraging engineering programs to emphasze on both soft and technica
ills in the engineering curriculum. Enginearing graduates of the new millennium  will
not only have to be proficient in mathematics and sciences but will dso have to learn to
work well in teams to design and develop products to meet specified needs.

Univerdty of Mayland Eastern Shore (UMES) offers an ABET accredited engineering
program in collaboration with Universty of Maryland College Park(UMCP). In response
to the new criteria UMCP developed a team based design course for the freshman
engineering mgors. The course has been adopted with suitable modifications a UMES.
The course is desgned to introduce fidd of engineering and engineering design process
to freshman engineering mgors s0 as to enable them to redize how individuad courses in
an engineering curricula are integrated together under a common objective.

In this paper we describe the highlights of design efforts by the students in developing
human powered water pumps with specified head and flow rate in the spring and fal
semesters of year 2001. The project outcomes are eaborated from the perspective of
Kolb's experientid learning cycle. The assessment techniques and ther strengths and
weaknesses are also discussed.

. Introduction

Emeging trends in enginering education faclitaied by the Enginearing Criteria
2000(EC2000) developed by the Accreditation Board of Engineering and Technology
(ABET) ! is encouraging integration of design throughout engineering curricula including
the freshman and sophomore years 2 3. It is dso promoting a holistic integration of 'soft’
and 'technicd' skills encompassing academic knowledge and life skills conggtent with the
engineering professon.

The Introduction to Engineering Design course (ENES 100) has evolved over the last
decade a Universty of Maryland, College Park (UMCP) and integrates ideas, opinions
and experiences of many faculty members who have experimented with teaching design
to freshman dudents. The course involves freshman sudents in a “hands on” product
redization process. The product development project s assigned in teams of four or five.
The typicd product chosen, like many engineering products is syntheszed from
components and engineering principles that cover a spectrum of topics.
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While developing the course @& Universty of Mayland Eastern Shore (UMES) which
offers an ABET accredited Engineering Degree in collaboration with Clark School of
Engineering a Universty of Maryland, College Park to the resdents of Eastern Shores of
Demarva peninsula, the basc sructure and content have remained undtered. However,
auitable refinements have been incorporated such that dl the four phases of
“Experientid Learning Cyde’ * ° are emphasized.

The Introduction to Engineering Design (ENES 100) is a 3 credit course and is required
for dl freshman engineering maors a UMES. In this course the students are required to
work in teams of four or five to desgn and manufacture an engineering product over the
semedter given a set of oecifications and condraints.  The course introduces freshman
sudents to the fieddd of engineering and the engineering design process that forms the
backbone of red world engineering practice.  The class lectures and design integration
draws knowledge from severd different coursesfidds the students will be undertaking in
Ubsequent  years thereby avoiding compatmentdization of knowledge by rigid
subject/disciplinary boundaries. The dudents learn project management, teamwork,
enginering drawing, project presentation, data analyss, writing technica reports, and
fundamentals of engineering science related to the design project assigned.

UMES dudent efforts pertaining to design and development of “Postal Scaes’ have been
reported earlier & 7. In order to provide variety as well as to develop an understanding of
sudent “comfort leved” and “achievement of desred learning outcomes’ and its
corrdaion with the nature of project assgnment, it was decided that design of “Human
Powered Water Pumps’ will be used as an dternative design project. This article reports
the reaults pertaining to “water pump desgn project” a UMES in the soring and fdl
semester of 2001. “Introduction to Engineering Design, Book 4: Human Powered Water
Pump” 8 and “Engineering Design and Pro/Enginear” ° are used as text-books.

As in the past efforts are made to engage sudents through dl four phases of Kolb's
“Experientid  Learning Cyde€’, involving ‘Concrete  Experienceé, ‘Reflective
Observations, Abdtract Conceptudization’ and ‘Active Experimentation’ to provide a
holigic learning experience which integrates knowledge from many different fidds. The
course has a cler st of outcomes conssent with the Engineering Criteria 2000 of
ABET. Moreover, the course heps provide “engineering” flavor early in the curricula so
that the mathematics and science components in the fird two years of engineering
curricula becomes | ess absiract and more relevant in the students mind.

The dudents have reflected that the design efforts have hdped them in redizing the
"role'" of the customer in engineering design, development of a clear perception of
condraints in space, time and budget while implementing projects. Other life skills
pertaining to improvement in communication skills, ability to work in teams and resolve
conflicts etc. have dso been favorably impacted. The course has provided the students
with a better appreciation of the role of engineering in society. Findly and perhaps most
importantly the students reflect that the experience have dlowed them to comprehend
more effectivdy the philosophy behind the engineering curricula and its emphags on the
language, generd education, mathematics, science and engineering components.
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1. Project Overview, Highlights and Fitfdls

Following the text the students were introduced to higtoricd development of pump
desgn. The sudents were assgned to reverse engineer a garden water pump, a
centrifugd pump and an automobile fud injection pump. The class lectures provided
eldborae discusson on desgn  specifications, enginering  fundamentds  of  piston,
digphragm and centrifugd pumps with emphads on pison pumps, test facility for testing
the pumps manufactured by the students and conducting performance evauation with
respect to desgn specifications. In the gring of 2001 dl three teams in the class decided
to develop piston pumps. In the fdl of 2001 four of the six teams decided to develop
pisgon pumps while the remaining two atempted to develop centrifugd pumps. Fgure
[1] shows students of the fal 2001 ENES 100 class gathered together with their pumps
prior to egting. Figures 2 thru 4 are examples of completed pumps designed by student
teams. Figure [2] shows a completed piston pump and the team that built it. Figure [3]
shows a double acting dud piston pump that one of the teams designed. Figure [4] shows
a centrifugd pump and its drive sysem which has been developed usng a discarded
bicycle.

Besdes feasble budget and space condraints the students were dso provided with the
following specifications- a flow rate of 5 — 15 Gdlons per minute with a head of 8 ft.
with a flooded suction. It was expected that the drive mechanism would provide enough
mechanical advantage so as to alow the weskest member of the team to operate the
device effectivdly. The dimendons of the fittings for the inlet and outlet piping to the
pump were aso provided to the students. A smple test set-up was provided with an 8 feet
long vertical pipe that would connect to the outlet of the pump and pour the water into a
caibrated bucket. The flow rate was to be measured with a stop-watch usng observations
of the water leve in the cdibrated bucket during tesing. The testing arrangemernt,
consging of the source water drum, the long ddivery pipe and cdibrated bucket are
vigble in Figure [5] dong with a dudent team and the pison pump built by them. Figure
[6] shows one of the student teams getting ready for pump-testing at the end of spring
semester of 2001.

Beddes atending class lectures the ENES 100 students used the Computer Aided
Engineering (CAE) Laboratory and the Workshop facilities a& UMES extensively during
the project. The 3 credit hours of the course include 2 lecture hours and 2 Laboratory
hours per week. The two lab hours were utilized for software skills development,
manufecturing efforts in Carpentry and Machine Shop, as well as teamwork. The first
two weeks of lab time was utilized for introduction to Microsoft Word, Excd and
PowerPoint, followed by 7 /8 weeks of demondration and training usng ProEngineer.
The remaning lab hours were left a the discretion of the student project leaders for
manufacturing  efforts in the workshop, technical report, find presentation and
completion of engineering drawings of the designed product on ProEngineer. Appropriate
supervison and ingruction on safety precautions were provided to the students when they
used the “Wood Shop” or “Machine Shop”. Figure [7] shows students working in the
“Wood Shop” at UMES on their pump project.
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After the 5 week of classes the students were required to give a presentation using
Microsoft Power-point which included a Gantt chart for ther team project. In this
presentation they were aso required to provide a desgn dternative anadyss to judtify
their sdection of the design project usng Pugh Matrix (See Fig [8]). They dso provided
an overview of the design concept they decided to pursue.

During the next phase of the project the students learned to use Microsoft Excd to
peform desgn andyds (particulaly those that decided to build pison pumps). It was
pointed out unlike mahematica problems the students have solved in high school thet
typicadly yidded one answer, a typicd dedgn problem will have more than one
mathematicdly feasble solution. Engineering judgment with due regard to codt, Space,
manufacturing, time and performance congraints will need to be applied to choose the
optima solution. Figure [9] shows the andyss usng EXCEL to choose the stroke length
and diameter for a pison pump peformed by a particular sudent team using the design
gpecifications. The chosen desgn parameters are highlighted. Students dso developed
engineering drawings, product gdructure diagram and bill of materids/parts lis prior to
purchasing components and manufacturing the pumps corresponding to their own teams.
Figures [10a] and [10b] show the Pro/E solid model of one of the pumps built by the
students and the corresponding completed pump, respectively.

All the piston pumps developed by the students performed satisfactorily, some better than
others. However, despite dgnificant effort by the dudents in deveoping drive
mechanisms, impelers and volute section, the centrifugd pumps faled to work
adequately due to sedling and other associated problems.

On the find day of classes the teams were required to give a fina presentation
highlighting the desgn process, the product peformance, possble improvements,
learning outcomes as wdl as how to improve effectiveness of teamwork.

[11. Assessment and Learning Outcomes

Assessment of courses that incorporate teamwork and cooperative learning poses a
ggnificant chdlenge both with regard to grading student performance and evduation of
the desired learning outcomes. Criteria 2000 of ABET and associated outcome evaluation
process have chalenged engineering educators and have set into motion an ongoing
diaogue to improve the instruction and assessment methods %12,

The assessment of student performance is performed in the ENES 100 course by both
conventiond  goproach udng scores from mid term, find examination and homework
assgnments as well as peer evaludaion for teamwork. Appropriate forms developed for
the purpose are provided to the students to be filled by the team members and team
leaders. Also dgnificant importance is provided to the firg and fina presentations of the
project which are evduated by a group of invited faculty members and adminigtrators
using gppropriate forms. The peer evauations and indructor perception are utilized to
provide atoken award / certificate to the “Best Team Leader”, “Best Team Member”,

“Most Improved Team Player”, and the “Best Team Project”.
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The grading scheme used in the class may be summarized as follows:

Grading :

Attendance, Class participation and Examination 30 %
Team Grade (on Product devel opment) 40 % *
Homeworks (individua and team) 15%
Application software kills 15%
*Team Grade:

Preiminary Design Evduation , Report and Oral Presentation 30 %
Fina Design Package, Report, Web Page and Ora Presentation 40 %
Product performance and teamwork 30 %

The desired learning outcomes which are elaborated to the students on the first day of
cdases include efforts to develop skills conggent with engineering professon. “Life-
sills' and “Civic Respongbility” outcomes ae emphasized aong with “Academic
Outcomes’. The student perception of “Learning Outcomes’ are evauated by way of a
bonus quedion in find examination which requires the students to fill in an outcome
evduation form gmilar to the one shown in Fgure [11]. Fgure [11] dso shows the
compilation of data corresponding to sudent perception of learning outcomes for the
ENES 100 class & UMES for the spring and fall semester of 2001.

V. Concluson

The student perception indicates the desred learning outcomes have been achieved in the
Introduction to Engineering Design (ENES 100) course. Feedback aso indicates students
ae more comfortable with the requiste technicd knowledge which primarily spans over
agebra, trigonometry, mechaniam desgn, high school physcs for “Pump Desgn”, and
fundamentals of fluid mechanics as opposed to mechanics, strength of materials, D.C.
circuits and basic eectronics for “Podtad Scae’ design. Since the objective of the course
iS to introduce students to dl facets of the desgn process, enginesring drawing,
manufacturing and quaity evaudaions as wdl as to nurture their credivity while kegping
them involved in dl four phases of the “Experientid Leaning Cycle’ it seems the
“Human Powered Pump” design project is more suitable compared to the “Posta Scale”’
design project for engineering freshmen.

The Pro-Engineer component of the course needs to be integrated better. Students
druggled in the initid phases of the indruction usng this popular solid modding
package. With time they began to redize the cgpabilities of the software and utilizing the
same more effectively. However, it gopears some students fed that not enough time is
avalable to master the software during the course due to other demands pertaining to
teamwork and project completion.
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0 — Not Influenced at all; 1- Influenced Little; 2-Moderately Influenced; 3— Strongly Influenced

LEARNING OUTCOMES 0112 3
Academic Outcomes Desired
Assimilation of "learning inputs' provided by the instructor to be
able to apply the theory to design an engineering product ( Water 0]l 0] 7] 28
Pump) within specifications and constraints arising due to Size,
capacity and budget.
Experience with engineering design from start to finish including
project definition, planning, risk assessment, design aternative 0| 01]10]| 25
analysis,software use, prototyping , testing, evaluation etc.
Development of communication skills. 0 10| 25
Better appreciation of the role of customer in engg. design 0 17| 15
Improved study habits and interaction with faculty 2 | 15| 8| 10
Ability to integrate knowledge from many different fields. 2 | 12]13]| 8
Life Skills Outcome Desired
Critical thinking ability 2 [ 12]11] 10
Interpersonal and conflict resolution skills to successfully 0| 2 [14] 17
cooperate in ateam.
Appreciation of role of community servicein society. 4 | 6 19| 6
Civic Responsibility Outcomes Desired

Appreciation of "Code of Ethics' for engineers and development 0 | 8 [12] 15
of professional ethics.
Desire to serve the community in the future. 8 |14| 5] 8
Better appreciation of engineering and its SOci0economic impact. 0| 4 [12] 19

FIGURE 11
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