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Abstract

First-year students at the School of Engineering Technology and the Lowell Institute School at
Northeastern University are directly involved in multifaceted projects that have practical
applications. This paper will discuss how Mini Design problems are used to develop students
design abilities and understanding of the design process. They are an ideal teaching tool because
they are short and allow for immediate feedback to students. This paper will include examples
of projects used at the School of Engineering Technology and the Lowell Institute School at
Northeastern University. The problems encompass architectural, mechanical and
electrical/electronic engineering based graphics, with an emphasis on marine design.

|. Introduction

Mini Design problems are an ideal method for instructing design skills to engineering students.
First and foremost, they provide students with an opportunity to gain invaluable experience
doing precisely the type of work they will be responsible for, when they enter the workforce.
Preparation with Mini Design projects sets them up to ‘Hit the deck running.” The goal of this
paper is to highlight the important features and benefits of Mini Design problems. Actual
projects will then be presented to exemplify how they may be used in the classroom. These
projects were devel oped through years of instructing students with these methods.

First-year engineering design projects are an integral part of the education process in engineering
and engineering technology. According to Gerard Voland, the design process includes need
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assessment, problem formation, abstraction, synthesis, and implementation. Mini Design
problems incorporate all of these levels of learning. They are presented to students in an order of
increasing complexity, to ultimately incorporate each of the essential levels of design described
by Voland. Because each individual project is designed to be completed within one class period,
students acquire these skills in a practical manner, and develop an appreciation for their inter-
relationship within the design process.

Mini Design problems are particularly effective in teaching design because they expose students
to ‘real world’ design projects, all the while fitting into the limitations of the classroom.
Constraint on time is alimitation every instructor must overcome to teach students effectively.
Mini Design problems can be completed within one class period. Since they are completed in a
short period, students who miss a class are not behind on a problem, as anew problem is
introduced each period.

As a problem-based |earning approach, the design problems incorporate skills such as computer
aided design and technical language with the creative process, all the while developing technical
engineering knowledge.

Because of their convenient format, Mini Design problems can be tailored to suit the individua
needs of the students, their instructors, and the demands of the engineering field. For example, a
project can easily reflect regional industrial problems. If students attend school in a maritime
location or program goals wish to cater to the needs of marine design, Mini Design problems can
easily reflect thisfocus.

In addition to being convenient, Mini Design problems allow for immediate feedback. This
feedback improves students confidence and competence. Because students have an opportunity
to use design concepts immediately after they are taught, Mini Design problems promote
understanding and retention, the goal of education.

A typical Mini Design problem is developed so that it can be completed within a fifteen-to sixty-
minute period. They are created with an emphasis on the most recent design concept presented
to the class. For example, if the instructor has just discussed orthographic projection and how
the views are drawn using the computer, the Mini Design problem for that day would include
making a drawing (developing a database) of a basic civil, mechanical or electrical part or
component. It is the responsibility of the instructor to ensure that the Mini Design problems
implemented always reflect current, useful design.

Mini Design Problems

The following are examples of Mini Design problems implemented in the School of Engineering
Technology and the Lowell Institute School at Northeastern University.

Problems 1 and 2

These examples of an initial Mini Design problems were created to familiarize students with
orthographic projection, use of engineering scales and computer aided design (CAD) software.
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The Software used in these sketches and engineering graphics is Autocad 2002. The first
drawing sheet 9 shows how the engineer’s scale may be used.

NAME

GET 1170/4170 DATE
SECTION
SCALE USE

DIMENSION THE 350# NAVAL FOUNDATION FITTING BELOW
USE THE ENGINEER'S SCALE

PLAN VIEW

I — u%

T i

—]

SCALE: 1:2
FRONT VIEW

SHEET 9

GET1170/4170
COMPUTER DRAWING

1. DRAW THE SENSOR MOUNTING PLATE BELOW.

2. MAKE AND DIMENSION AN ISOMETRIC DRAWING OF THE SENSOR

MOUNTING PLATE BELOW. ASSUME THE PLATE IS 8 GAGE (0.1644").
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SHEET 24A

In making the second drawing, sheet 24A above, students use full size and double size scales.
The mounting plate isfull size and its ot detail is double size. Students become familiar with
making a CAD drawing as they learn basic commands including grid, offset, line, circle and text.
Students realize the importance of dimensioning and how that relates to object and centerlines. In
this basic drawing students are not required to know how to dimension. In completing this
drawing students will have made their first CAD layout drawing utilizing the principal
orthographic view and calling out its depth by the metal gage.

Problem 3

The following is a more complex Mini Design problem. The students are given an isometric
sketch for which they develop plan and elevation working drawing of the frame foundation

below.
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GET 1170/4170

WRITE YOUR NAME, DATE, AND SECTION IN THE UPPER RIGHT CORNER
OF THE DRAWING SHEET. DRAW THE FRONT, TOP, AND THE RIGHT SIDE VIEWS
OF THE FRAME FOUNDATION BELOW. DIMENSION THE VIEWS.

SET THE FOLLOWING LAYERS (DO NOT USE THE O LAYER):

NAME ABB COLOR LINETYPE

OBJECT OBJT BLACK (WHITE) CONTINUOUS
GONSTRUCTION GONST RED CONTINUQUS
CENTERLINE CL CREEN CENTER(.5x)
HIDDEN HIDE GREEN HIDDEN(.5x)
TEXT TXT BLUE CONTINUQUS
DIMENSION DIM GREEN CONTINUOUS

SCALE:NONE

FRAME FOUNDATION

NOTE: FRAME FOUNDATION CONSTRUCTED OF 6X4X1/2 ANGLES,
6” TOE DOWN.

SHEET 26

To make their working drawings students must create drawing layers utilizing abbreviations,
colors and associated linetypes. In this drawing, as in the previous example, students improve
their use of scales and layout skills. Students also become acquainted with angles as structural
elements, and how they are used to create a machine foundation.

Conclusion

The use of Mini Design problemsis an essential training method in preparing students to enter
the workforce. Because problems are designed to be completed within a class period, professors
are able to provide students with the structure they require. An environment is created in the
classroom that encourages students to develop both their skills and self-confidence. In addition,
Mini Design problems prepare students for real-life situations that occur on the job. The

problems presented in this paper illustrate how students can gain invaluable exposure to the
industrial format.

Mini Design problems also provide an ideal opportunity for students to be exposed to a variety of
engineering disciplines. Itiscrucia that students develop the ability to work and communicate
across discipline. Cohesion among the different engineering fields eliminates a great deal of
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inefficiency, redundancy, and error in any design problem. In short, Mini Design problems are a
necessary element in the education of competent engineers.

Because Mini Design problems can be tailored to meet the individual needs of the instructors and
students, they are ideal for introducing students to marine design. The current globa conditions
have resulted in an increased demand for engineers with skillsin the marine field. Mini Design
problems are an effective method for exposing students to this career. The problems prepare
students to enter the marine field with a solid background and instill students with the
enthusiasm that accompanies a solid appreciation and understanding of a new concept.
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