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Capstone Design and M anufactur e of Hand-M ade 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 engineering education attempt in a
synthesis class during the 4" year. Since the Kochi University of
Technology was inaugurated in April, 1997, four years of engineering
education trials have passed. In 1997, 3 student teams participated in
an eco-power race held in Kochi, Japan, with hand-made ecological
vehicles. In the summer, 1998, three teams participated in the Shikoku
Electric Vehide Raly using light weight vehicles converted into
electric cars. The synthesis class was performed based on such past
engineering activities. In order to provide an active learning
opportunity, a synthetic learning environment is needed rather than
just teaching in classes. Manufacturing is also considered to be of
great importance for mechanical engineering as well as the basic
sciences such as mathematics and physics. As a capstone learning
course, a team of five students in the laboratory tried to design and
manufacture a hand-made small-sized electric vehicle.

INTRODUCTION

The Kochi University of Technology, shown in Figure 1, was
opened in April, 1997. The university has been trying new engineering
education such as first year seminars using real products®, computer
assisted English education®®, and so on. In this report, an activity for
asynthesis education classis described.

Two extracurricular (out of class 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 Vehicle Rally. In August,
1998, the Shikoku Electric Vehicle Rally, organized by a committee of
high school teachers and university educators, was conducted in
Shikoku, the smallest main island of Japan. Therally isthefirst onein
Japan for a car raly 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 selected a design theme and
manufactured a hand-made small-size electric vehicle.

Electric or hybrid vehicles are being developed and sold.
However, electric vehicles at the present are not perfect. They can not
run very far, they need to charge which reguires a long time, batteries
are heavy and expensive, and so on. However, in the near future, fuel
cdl vehicles will become commercialized. This will make
gasoline-powered vehicles less common. Under such a circumstance,
five students from the Kochi University of Technology started to
design and manufacture a hand—made small-sized electric vehicle as a
capstone project course in the 4" year. They selected a small-sized one
instead of a conventional one, and aimed to produce a hand-made
vehicle for short-range running..
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Figure 1 Kochi University of Technol gy Opened in 1997

DESIGN CONCEPT

The first d the main design concepts is a small-sized
vehicle, whose vehicle category is equivalent to the one for the
engine-powered three or four wheel bicycles in Japan. The size was
determined as being able to carry the vehicle in alight weight truck for
alongdrive. 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 suspension for the front and full
trailing-arm type suspension for the rear, the frame configuration wes
studied. Using 3-dimensional computer graphics (3D-CG), the frame
configuration was determined. Figure 2 shows the graphics for the
mounting suspensions and two motors. The team recognized that the
3D-CG image was effective for the group to determine the target the
team will aim.

Figure 2 Frame Model by 3D-CG (Computer Graphics)

The third main design concept is to determine the motor. The
inrwheel 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 M anufacture

Based on the image developed by the computer graphics,
the frame design was performed by 3dimensional 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 the
main frame was determined to have a width smaller then the rear one,
because the wishbone arms are desired to be long enough within the
planned vehicle width. The width of the rear part in the frameis set to
be longer within the planned vehicle width in order to obtain a high
twist rigidity.

About 30 two-dimensional drawings were made for the
manufacturing.

Figure 4 3D-CAD Drawing of Main Frame
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Figure 6 2D Drawing of Main Frame

Since the university 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
constrain from design to manufacture and due to the inexperienced
students’ 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 suspension was determined to be a double
wishbone type one, because of its high rigidity, stable camber angle,
and is common in conventional automobiles. Figures 7 and 8 show the
suspension system.

As for the steering construction, it consists of a steering
wheel (handle), shaft, gear box of the rack and pinion type, and rod.
The gear box for alight weight vehicle has been commercialized, and
is used for this project. Between the handle and shaft, and between the
shaft and gear box, universal joints are applied for flexible angle
control. 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-motor. Figure 9
shows the gear box.
) h

Figure 8 Front Suspension System (Closer View)

Figure 9 Gear Box of Rack and Pinion Type

Rear Suspension and Motor Mount

The rear suspension is the full trailing arm type as shown
in Figures 10 and 11. The motor is mounted on the mount frame,
which can move vertically by the trailing arms. From the design
concept of the rear suspension, the motor shaft and the wheel shaft
was determined to be directly connected. The shafts are connected by
the coupling shown in figure 12. The center of the motor shaft was
intended to coincide with that of the wheel shaft. However, due to the
deformation caused by welding, the center to center is not straight
enough for driving. This should be modified.

Figure 10 Rear Suspension and Motor Mount

Figure 11 Rear Suspension and Motor M ount (Closer
View)

Motor and Drive Control

The vehicle is powered by the two motors, which control
the two rear wheels. The motor is the Honda in-wheel type,
DDW-4060 Type A , and the microprocessor from Akizuki Electric
Co. AKI-H8 is used for the drive control. The four signal electric
wires of speed, brake, clock-wise rotation and anti-clockwise rotation,
and compensated current are used for monitor and control.




The curving control is conducted by obtaining the
rotational speed difference between two wheels running on the curve.
Figure 12 shows the rotational speed ratio of the outer wheel and inner

wheel. A simple control is planned for the first stage of vehicle control.

100% and 90% of the speed difference was decided for drive control.
The speed difference control should be continuously conducted
according to each curveradius. However, this project isthe very first
stage for control, and the simple control was used in order to initialy
study and then modify. Figure 13 shows the microprocessor board,
and Figure 14 shows the rotational speed difference between the outer
and inner wheels depending on the curve radius. The display for the
drive control is then produced, and Figure 15 shows the display.
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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 system consists of a brake pedal, master cylinder, and drum

brake on awheel. Because the brake pedal and master cylinder for
three or four wheel bicyclesis not sufficient to the vehicle, a set

Figure 15 Display for Drive Control

consisting of a brake pedal and master cylinder for light weight
vehicles was used. Figure 16 shows the cylinder for the pressure
amplifier. In the 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
appearance. The vehicle was originaly planned to be designed and
manufactureed in order for the team to participate in the 2000 Electric
Vehicle Rally in Shikoku, which was held in August, 2000, in Kochi.
However, the assembling was not finished by the time therally started.
The work was again started in the autumn semester, and finished by
the end of Jan., 2001. However, technical matters are still to be solve,
which will be studied in the next year.

Figure 18 Hand-Made Small-Sized Electric Vehicle (Back
View)
DISCUSSION

Hand-M ade Small-Sized Electric Vehicle

There are a variety of technical matters to be solved. The
weight, speed, and control are the main items to be further studied.
The origina target of the weight was not clarified, and the weight after
manufacture is about 350kg. The weight reduction should be studied
by making a parts list with individual weights and then by seeking
lighter ones. The speed depends on the motor. Sincethe team sel ected
the motor by considering the ability of control and data acquisition,
the selected motor was not the one which has enough power for the
vehicle. If the team selects a 14kW motor, which was used for the
1998 shikoku Electric Vehicle Rally, the power will be sufficient,
unless the team care about the ability of data acquisition. The motor
selection is a matter to be studied. The control of the two wheels
rotational speed on curvesis not complete. The team was able to make
a two-stage control of 100% and 90% for the two-wheel speed
difference. The control of driving and braking should also be further
considered.

Capstone Design and M anufactur e Pr oj ect
As a project for 4" year students, the project requires
manufacturing as well as design. The theme and target of the project

are in students' hands. In other word, they need to consider the theme
and target by themselves. The instructor thinks that the project should
not be restrained by those in the research field, since the faculty’
discipline is normally in a small area of the academic research field.
The project should be aimed at the real world, and manufacturing is of
great importance in mechanical engineering.

The team selected the project of a hand-made small-sized
electric vehicle, which needs design and manufacturing as well as
knowledge of automobile technology and how to make the vehicle.
The faculty played the role of supporter, and is not able to teach the
automobile technology. The team needed to find the related parts and
to study how to design and manufacturing by themselves. The team
needed to negotiate with the people from the welding shop and parts
makers.

Although the completed vehicle was not the one that the
team originally wanted, since the weight, power, and control need to
be modified, the team succeeded in producing a rea 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 team

of five 4" year students were challenged to design and manufacture a

hand-made smadll-sized electric vehicle. The obtained results are as

follows.

1. The hand-made small-sized electric vehicle was completed,
athough many technical matters still need to be solved. The weight,
speed, and control are the main items to be further studied.

2. Asaproject, the team considered 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.

3. The project theme aimed at manufacturing as well as design. In a
design 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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