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In this research, to increase the mobility and stability of the small electric vehicles
(EVs), a small electric vehicle with oversteer characteristic that is integrated with a four
wheel drive and independent steering is developed.

Over the 20% century, severe environment issues by petroleum-based transportations
along with the issue of fossil fuel depletion around the world have led activist and lobbyist
to pressure automotive manufacturers to redesign future vehicles. Fully-electric vehicle
is the perfect choice for the environment because they do not have internal combustion
engine and is propelled exclusively by one or more electric motors. Small electric vehicles
have become popular as they meet the consumer demand of practicality, efficiency,
affordability and availability of a government support. The reason of the government
support for small electric vehicles is because they can be used to improve the quality of
lives of people in cities by easing traffic congestion and zero emission. Therefore, the
main objective of this research is to improve the mobility and stability of small electric
vehicle. Firstly, we increase the mobility by modelling a small electric vehicle with
oversteer characteristic. Then, as a lateral stability control system, we implement yaw
moment control by four wheel drive and independent steering. Lastly, a regenerative
brake control is utilized as a skid control system.

The thesis is organized in 5 chapters and the overview of each chapter is given below.

Chapter 1 is introduction. In this chapter, the background of the objective of the study are
presented. The past research on mobility and stability issues of electric vehicles are
reviewed in details. Then, the organization of the thesis and the overview of individual
chapters are described.

Chapter 2 describes modelling of an in-wheel small electric vehicle with oversteer
characteristic. High cornering performance vehicle such as sport or racing cars have OS



characteristic. They have high steer ability and response with low steer input. The steering
characteristic of the OS small electric vehicle was determined by performing steady state
cornering test in regards to a constant front steer angle and at constant velocity. The end
results shows that the modelled OS vehicle has a stability velocity limit at 15.5 km/h.
Nonetheless, the vehicle can achieve high yaw rotational speed at below this velocity
even with small steer angle.

Chapter 3 describes yaw moment control by integrating four wheel drive and independent
steering in a numerical simulation. Firstly, we try to control a 4WDIS vehicle with
nonlinear model by connecting to a state observer that consist of a linear feedback control.
However, error between outputs of both models can be observed. As a solution, the
estimated output of the state observer unit and the measured output of the vehicle
nonlinear model are compared and multiplied by high gain H which is then fed back to
the linear model to produce a rectified control input. Then, the rectified control input is
sent to the vehicle. Lastly, the steering characteristic of the OS small electric vehicle
integrated with 4WDIS was determined by performing steady state cornering test in
regards to a constant front steer angle and at constant velocity. The results were compared
with the 2WD OS small electric vehicle from Chapter 2. We found that the 4WDIS
eliminates the stability velocity limit of the modelled OS small electric vehicle. The yaw
moment control system does not only maintain stability at high speed, but also increase
mobility at low speed.

Chapter 4 is regenerative brake control as skid control system. In this chapter, based on
the characteristics of in-wheel motor, the regenerative brake control was developed as a
substitute to an anti-lock brake system. The ABS control principle was implemented on
the regenerative brake where the brake force is turned on and off based on the slip ratio
of the vehicle so that friction coefficient can be maximized. We conducted two cases of
braking condition on icy road with numerical simulation. From the simulation results, the
regenerative brake control were as effective as the anti-lock brake system, but the braking
force produced was not similar. The regenerative brake force is proportional to the tire
rotational speed. Nonetheless, the braking force at a particular moment is sufficient to
produce a high friction coefficient at the particular rotational speed. Consequently, the
regenerative brake force will disappear when the wheel stops rotating and the mechanical
brake will hold the wheel in place.

Chapter 5 is conclusions. This chapter summarizes the findings and outcomes described
in Chapter 2 through Chapter 4.

As described above, this thesis proposes a novel approach to materialize both
mobility and stability for a small electric vehicle by means of oversteering characteristics
combined with four wheel drive and independent steering. The proposed approach is
expected to contribute to development of compact cars with small turning radius which
are suitable for use in tight, crowded places.
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