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Design Idea of Small-Size Wind and Water Power Generators Obtained by
Product Dissection

Haruo Sakamoto (Kochi University of Technology), Junichi Matsuoka,
Jun Ito, Takashi Uchino, Masaaki Yokoyama
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Capstone Design and M anufacture of Hand-Made Small-Sized Electric Vehicle

Haruo Sakamoto, Takashi Uchino, Noriaki Onishi, Toru Kaino, Tatsuro Sawada, and Masaaki Y okoyama
Dept. of Intelligent Mech. Sys. Engr.

Kochi University of Technology

Tosayamada-cho, Kochi 782-8502, Japan

ABSTRACT

This paper describes an enginesring education attempt in a synthesis
dlassduringthe 4" year. Sincethe K ochi University of Technology was
inaugurated in April, 1997, four years of engineering education trids
have passed. In 1997, 3 student teams participated in an eco-power race
held in Kochi, Jgpan, with hand-made ecologica vehides In the
summer, 1998, three teams participated in the Shikoku Electric Vehide
Rally usng light weight vehicles converted into dectric cars. The
synthes's dass was performed based on such past engineering activities.
In order to provide an active learning opportunity, a synthetic learning
environment is needed raher than just teeching in cdasss
Manufecturing is aso conddered to be of great importance for
mechanica enginegring as wdl as the badc sdences such as
mathematics and physics. Asacapstone learning course, ateam of five
sudents in the laboratory tried to design and manufacture a hand-mede
small-sized electric vehicle.

INTRODUCTION

TheKochi University of Technology, shown in Figure 1, wasopened in
April, 1997. The university has been trying new engineering education
such as first year seminars using red products?, computer assisted
English educatior?®, and so on. In this report, an activity for a
synthesis education classis described.

Two extracurricular (out of dass and no credit) activities? were
conducted. The first one is the Eco-power Race. In November, 1997,
the Kochi Eco-power Race organized by Toyota Vista Kochi was held
in Kochi, and three teams from the Kochi University of Technology
entered the race. The second is the Electric Vehide Raly. In Augut,
1998, the Shikoku Electric Vehide Raly, organized by a committee of
high school teachers and university educators, was conducted in
Shikoku, the amdlest main idand of Jgpan. Theraly isthefirg onein
Japan for a car rdly on public roads. Three teams from the Kochi

University of Technology joined the race. The synthesis education class
was performed in the 4" year based on the experiences from these
activities The team of five students sdected a design theme and
manufactured a hand-made small-size electric vehicle.

Electric or hybrid vehicles are being developed and sold. However,

ectric vehiclesat the present arenot perfect. They can not run very far,
they need to charge which reqguires a long time, batteries are heavy and
expensve, and so on. However, in the near future, fud cdll vehicleswill
become commercidized. This will meke gasolinepowered vehicles
less common. Under such acircumstance, five students from the Kochi
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Universty of Technology dated to design and manufacture a
hand—meade smdl-sized dectric vehicle as a capstone project course in
the 4" year. They sdlected a small-sized oneinstead of a convertional
one, and amed to produce a hand-mede vehicle for short-range
running..

o

Figure 1 Kochi University of Technology Opened in
1997

DESIGN CONCEPT

The firg of the main design concepts is a smal-sized
vehicle, whose vehicle category is equivdent to the one for the
engine-powered three or four whed bicydes in Jgpan. The sze wes
determined as being able to carry the vehicle in a light weight truck for
along drive. The length, height, and width were 1.6m x1.0m x1.6m.

The second main design concept is the frame design.
Applying a double wishbone type sugpension for the front and full
trailing-arm type suspension for the rear, the frame configuration wes
studied. Using 3dimendond computer graphics (3D-CG), the frame
configuration was detamined. Figure 2 shows the graphics for the
mounting suspensions and two motors. The team recognized thet the
3D-CG image was effective for the group to determine the target the
team will aim.
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Figure 2 Frame Model by 3D-CG (Computer Graphics)

The tird main design concept is to determine the
motor. The in-wheel motor made by Honda for
electric vehicles was applied, because the motor has
a controller inside, and output data can be used for
control. Although rather high power motors of
14kW for electric vehicles are in the laboratory, the
team decided to use two Honda motors of 600W,
which seemed not to be enough for the vehicle. They
used these motors, because they can make some
devices to control the vehicle. Figure 3 shows the
motor.

Figure 3 Honda In-wheel Motor

DETAIL DESIGN AND MANUFACTURE
Frame Design and Manufacture

Based on the image developed by the computer graphics,
the frame design was performed by 3dimensond computer aided
design (3D-CAD). Figures 4 and 5 show the 3D-CAD graphics of the
main frame and mount frame for the motors. The front part of themain
frame was determined to have a width smaler then the rear one,
because the wishbone arms are desired to be long enough within the

planned vehicle width. The width of the rear pat in the frame is st to
be longer within the planned vehide width in order to obtain a high
twist rigidity.

About 30 two-dimensiond drawings were made for the
manufacturing.
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Figure 4 3D-CAD Drawing of Main Frame

Figure 5 3D-CAD Drawing of Motor Mount Frame
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Figure 6 2D Drawing of Main Frame

Since the universty is not ready to manufacture by welding, the
assembly by welding was conducted at a shop near the university. The
drawings were not sufficient for manufacturing due to the time
condrain from design to manufacture and due to the inexperienced
sudents ability for drawing. Figure 6 is a drawing example. The team
made 30 drawings and discussed them with people in the shop.

Front Suspension and Steering Construction

The front suspenson was determined to be a double
wishbone type one, because of its high rigidity, stable camber angle, and
is common in conventiona automobiles. Figures 7 and 8 show the
suspension system.

As for the steering congtruction, it conssts of a Seering
whed (handle), shaft, gear box of the rack and pinion type, and rod. The
gear box for a light weight vehide has been commercidized, and is
used for this project. Between the handle and shaft, and between the

shaft and gear box, universal joints are gpplied for flexible angle contral.

At this moment, the vehicle is driven by a handle for cornering. In the
future, sensor control will be studied for auto vehicle steering. In order
to obtain an auto steering function, the gear box of the rack and pinion

type will be controlled by a servo-moator. Figure 9 shows the gear box.

= |
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Figure 7 Front Suspension System (With a Tire)

Figure 8 Front Suspension System (Closer View)

Figure 9 Gear Box of Rack and Pinion Type

Rear Suspension and Motor Mount

Therear suspension isthefull trailing arm type as shown
in Figures 10 and 11. The motor is mounted on the mount frame, which
can move verticaly by thetrailing arms. From the design concept o the
rear sugpension, the motor shaft and the whed shaft was determined to
be directly connected. The shafts are connected by the coupling shown
infigure 12. The center of the motor shaft wasintended to coincidewith
that of the whed shaft. However, die to the deformation caused by
welding, the center to center is not draight enough for driving. This
should be modified.



Figure 10 Rear Suspension and Motor Mount

Figure 11 Rear Suspension and Motor Mount
(Closer View)

Motor and Drive Contr ol

The vehicle is powered by the two motors, which control
thetwo rear whed's. Themotor isthe Hondain-wheel type, DDW-4060
Type A , and the microprocessor from Akizuki Electric Co. AKI-H8 is
used for thedrive control. Thefour signa electric wires of speed, brake,
clock-wise rotation and antidockwise rotation, and compensated
current are used for monitor and control.

The curving control is conducted by obtaining the
rotationd speed difference between two whed's running on the curve.
Figure 12 shows the rotationd peed ratio of the outer whed and inner
whed. A smplecontrol isplanned for thefirst stage of vehicle contral.
100% and 90% of the gpeed difference was decided for drive control.
The speed difference control should be continuoudy conducted
according to each curveradius.  However, this project is the very first
gage for control, and the smple control was used in order to initidly
study and then modify. Figure 13 shows the microprocessor board,
and Figure 14 shows the rotationa speed difference between the outer
and imer wheds depending on the curve radius. The diplay for the
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drive control is then produced, and Figure 15 shows the display.

o

Figure 12 Coupling between Motor and Wheel Shafts

Figure 13 Micro Processor Board for Drive Control
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Figure 14 Rotational Speed Difference on Curves

Brake System

The brake sysem condsts of a brake pedd, medter
cylinder, and drum brake on a whed. Because the brake pedd and
master cylinder for three or four whed bicyclesis not sufficient to the
vehicle, asat



Figure 15 Display for Drive Control

consisting of abrake pedd and master cylinder for light weight vehicles
wasused. Figure 16 showsthe cylinder for the pressureamplifier. Inthe
future, the auto brake system using some sensors will be planned.

Figure 16 Brake Cylinder for Pressure Amplifier

Assembling
After the manufacture of the main and motor mount

frames, the vehicle was assembled. Figures 17 and 18 show its
gopearance. The vehide was origindly planned to be designed and
manufactureed in order for the team to participate in the 2000 Electric
Vehicle Raly in Shikoku, which was held in August, 2000, in Kochi.
However, the assembling was not finished by the time the rdly started.
Thework was again started in the autumn semester, and finished by the
end of Jan., 2001. However, technicd mattersare il to be solve, which
will be studied in the next year.

Hand-Made Small-Sized Electric

Figure 17

Vehicle (Side View)

Hand-Made Small-Sized Electric

Figure 18
Vehicle (Back View)

DISCUSSION
Hand-M ade Small-Sized Electric Vehicle

There are a variety of technica matersto be solved. The
weight, speed, and control arethemainitemsto befurther sudied. The
origind target of the weight was not clarified, and the weight after
manufactureis about 350kg. Theweight reduction should be sudied by
meaking a parts lig with individua weights and then by seeking lighter
ones. The gpeed depends on the motor. Since the team sdlected the
motor by conddering the ability of control and deta acquisition, the
sdlected motor was not the one which has enough power for thevehicle.
If the team sdects a 14kW motor, which was used for the 1998 Shikoku
Electric Vehicle Raly, the power will be sufficient, unlesstheteam care
about the ability of data acquisition. The motor sdlection is a metter to
be studied. The control of the two whesls rotational speed on curvesis
not complete. The teem was able to make a two-gtage control of 100%
and 90% for thetwowhee speed difference. The control of driving and
braking should also be further considered.

Capstone Design and M anufactur e Proj ect

As a project for 4" year students, the project requires
manufacturing aswell asdesign. Thetheme and target of the project are
in sudents hands. In other word, they need to congder the theme and
target by themselves. Theingructor thinksthet the project should not be
restrained by those in the research fidld, since the faculty’ disciplineis
normaly in a smdl area of the academic research field. The project
should be aimed a the red world, and manufacturing is of grest
importance in mechanical engineering.

The team sdlected the project of a hand-made amdl-sized
eectric vehicle, which needs design and manufacturing as well as
knowledge of automobile technology and how to makethevehicle. The
faculty played the role of supporter, and is not able to teech the
automobile technology. Theteam needed to find theredated partsand to
study how to design and manufacturing by themsdves. The team
needed to negatiate with the people from the welding shop and parts




makers.

Although the completed vehicle was not the one that the
team origindly wanted, since the weight, power, and control need to be
modified, the team succeeded in producing area product. The project
theme was considered to be appropriate in a sense for the study for 4"
year studentsin mechanical engineering.

CONCLUDING REMARKS

As a capstone design and manufacturing project, the teem
of five 4" year students were challenged to design and manufacture a
hand-made small-szed dectric vehidle. The obtained results are as
follows.
The hand-made small-sized dectric vehicle was completed, athough
many technica maiters ill need to be solved. The weight, speed, and
control are the main items to be further studied.
As a project, the team consdered their theme and target. The faculty
was a supporter for this project from the viewpoints of funding and
suggestions. The team completed the vehicle by themselves.
Theproject thame amed a manufacturing aswell asdesign. Inadesgn
process, computer graphics were effective for the group discussion.
Although the design detail was not sufficient for manufacturing due to
students' inexperience in design ability, the team obtained experience
on how to produce a product with their own drawings.
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