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Abstract

In order to experience the important knowledge on
machine design and mechanical engineering, an
exercise to practice whole the process from design
and manufacturing has been developed. Students
attempt to create original mechanisms or structures
on the subject and develop drawings in each group.
They manufacture and assemble the designed
machines by themselves. Finally they make a presen-
tation on their results and demonstrate the machines
to all the classmates. Through this process, students
find various important practical knowledge such as
real feeling on the strength and rigidity, importance
of the dimension and machining accuracy, how to fix
and connect the parts, how the parts have mutual
relations in the machine system, importance of the
precise drawing and so on. The exercise have suc-
ceeded to promote the interest on a machine develop-
ment and to encourage the motivation of learning
machine design and engineering.

1. Introduction

In the previous design exercise in our department,
the final goal was the drawing of the designed
machine. Students did not have the feeling of reality
on the meaning of their decisions in the design pro-
cess and have poor interest on the result. We dis-
cussed on the defect of the previous design exercise
and considered that the main reason that students
could not have enough interest on the design was that
students did not experience to know the actual pro-
duced result of their design. From this investigation,
we developed a new design exercise in which the
most purpose is to practice until the construction of
the final result through manufacturing.

There are many restrictions to progress the exercise
as followings. The lesson time is limited same as the
previous design exercise in one semester. Design time

must be shortened than the previous design exercise.

Manufacturing performance of the student is very
poor. Machining facilities and supporting staffs are
not sufficient. Too much machining process could
not be included in each design subject. Although
there are such restrictions, students should learn the
difference of the industrial machine design from the
elemental handiwork by children. For this purpose,
we thought that at least a precisely machined shaft
should be included in each design subject. We
selected principal design subjects to meat these con-

ditions.
2. Objective

The goals to achieve in the exercise are as follows.

(1) Creativity of a new machine and ability of the
embodiment

(2) Total viewing from the planning to the final
production result

(3) Application synthesis using the knowledge
acquired in the mechanical engineering lectures

(4) Progressing ability in a group

(5) Expressing and summarizing ability of the
thought and practice

(6) Presentation skill

3.Contents and schedule

The syllabus of the exercise is as follows.
Lesson title: Creative Design Exercise
Term: First semester of 3rd year of undergraduate
student
Objective:

Pursuit of the machine design and development is
educated. The total process from the design to man-
ufacturing to develop a new machine is experienced.
Creativity and practical performance is built up.
Presentation skill is also trained.

Contents:

(1) Design subject: Wind power generation, Blood

pump, Solar car, Flywheel



(2) Five students compose one group. Each four
groups compete on the each same subject.

(3) Elucidate the function requirements for the given
specification and create system elements,
mechanism and structure.

(4) Scheme drawing and design document

(5) Part drawing

(6) Machining and purchase of elements

(7) Fabrication and inspection

(8) Presentation and demonstration

(9) Submit a final report

Teaching staff: one teacher, one assistant teacher and
one manufacturing assistant for one subject

Schedule:
April Guidance, Grouping
Fist design planning
Final design planning
Scheme drawing
Scheme drawing

1
2
3
4
May 5
6 Scheme drawing, Design document
7
8

Part drawing
Part drawing
June 9 Machining
10 Machining
11 Machining
12 Machining
13 Fabrication
14 Inspection
15 Preparation for presentation
July 16 Oral presentation
17 Poster presentation, Final report

Students have exercise additionally on machining
during the first two months.

4. Procedure

At the first month, in order to create an adequate
mechanism and structure, precise understanding on
the principle in the subject and function requirement
for the design is necessary. It often happens that the
idea submitted from the students has fatal defect such
as shortage of force, unable motion and so on. But
through considerations, each group can make up origi-
nal idea. Planning document is shown in Figure 1.

In the second month of scheme drawing, students
select machine element for purchase referring to cata-
logs. Students use two dimensional computer aided
drawing which has been mastered in the second year.
Teacher checks the drawing and indicates many
defects and mistakes. But many mistakes are elucidat-
ed in the next manufacturing process. Items of the
design documents are shown in Figure 2.

In the third month, students come across many trou-
bles in the manufacturing process. They learn much
important practical knowledge in this process. They

reflect what was important in the design process.
Students find the interest to realize their original
design and enjoy the constructed result.
Presentation and demonstration is also the first
experience for the students. It is a good training to
summarize what they did and what they experienced
and how to deliver the created and acquired informa-
tion.

Planning Document

Subject:

Machine name:

Leader name:

(a) Main specifications

(b) Constraints

(c) Basic idea drawing

(d) Using mechanisms

(e) Using machine elements

(f) Concrete mechanism and ideas
(g) Appeal points

(h) Safety

(i) Total illustration

(j) Significant points in the design
(k) Necessary calculations

(1) Problems, questions

Figure 1. Items of planning document

Design Document
Design subject:
Machine name:
Leader name:
(a) Subject
(b) Specifications
(¢) Constraints

(e)Function requirements

(g) Design calculation
(h) Assembly method
(i) How to use

(j) Safety

(d) Sketch drawing and its explanation

(f) Selected machine parts and the reasons

Figure 2. Items of design document



The progress of the exercise from design to inspec-
tion is shown in Figure 3.

5.Construction results

Constructed each machines are shown in Figure 4.
One type of wind power generations, blood pumps,
solar cars and flywheels are shown in (a), (b), (c)
and (d) respectively.

Presentation styles are shown in Figure 5. The
demonstrations of the machine indoor are carried out
and the view is zoomed up on the screen. The opera-
tions of the solar cars are demonstrated in the out-
doors.

(b) Machining

6. Acquired practical knowledge

We recognize such as following practical impor-
tant knowledge that the students acquired through
the experiences.

(1) Strength and rigidity: They feel the actual
strength of steel material. They find the insufficient
rigidity of the frame or supporting column

(2) Force transfer and torque change: They find the
force flow in the system and know the reacting
force. They find the actual torque increase by gear
transfer.

(3) Feeling of the weight: They cannot imagine the
real weight of the machine at first. They can feel the
actual weight of the part and the machine.

(c) Assembly

(d) Inspection

Figure 3. Progress in the exercise



