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ABSTRACT

Environmental pollution and energy crisis issues gave a big boost to the
development of the electrical vehicles called green vehicles or battery driven vehicles
has became an alternative choice for automotive industry compared to hybrid electric
vehicles. In present days due to improvements in battery technology and motor
technology, electrical vehicles are becoming more and more popular and governments
of advanced and certain developing countries are giving subsidies to develop the
electrical vehicle technology.

In electric vehicles, the challenges are to achieve high efficiency, ruggedness,
and compactness and economical power converters and electrical machines, as well as
associated electronics. The ideal characteristics of an electric motor drive used in fully
electric and hybrid electric vehicle should satisfy the conditions like high torque at
low speed region for fast acceleration and in hill climbing, and low torque at high
speed for normal driving. Permanent magnet brushless DC motor is very efficient,
compact and has good reliability and ease of control. This motor finds applications
generally in two and three-wheelers electric vehicles. The bottleneck for the
development of electric vehicle technology is the energy source. At present, the viable
electric vehicle energy sources are batteries, fuel cells, ultra-capacitors and ultrahigh-
speed flywheels. Batteries are relatively the most economical source for electric
vehicle application. They offer either high specific energy or high specific power but
not both. A high specific energy source is favorable for long driving range, whereas a
high specific power source is desirable for high acceleration rate and high hill
climbing capability. Ultra-capacitors are having high specific power and low time
constant compared to any other energy source available for electric vehicle

application. Since regenerative braking requires very fast response in recovering



energy, the combination of batteries and ultra-capacitors are ideal for electric
vehicles.

The electric power source for most of the two and three-wheeler electric
vehicles are batteries. As the power storage capacities of batteries are limited, these
electric vehicles suffer from the problem of short range. In urban driving and hilly-
terrain area driving, significant amount of energy is consumed in braking. It is
possible to recover this energy lost in braking by employing regenerative braking in
electric vehicles. This recovered energy can be used to increase the range of the
vehicle, thereby improving the system performance and reducing the size of the
system as well as the overall cost of the system.

In this thesis, permanent magnet brushless DC motor driven electric vehicle
fed from hybrid energy storage system is designed and simulated. The operation of
this motor in motoring mode with various control strategies, and in regenerative
braking mode in three different braking methods have been simulated using the
SIMULINK/MATLAB platform for the considered electric vehicle application.
Factors like recovered energy, braking current, braking power are compared.
Depending upon the results obtained from these simulations, it is suggested that a
variable switch regenerative braking technique can be used to optimize the braking
performance. By using variable switch regenerative braking technique, properties of
all the three simulated braking methods can be utilized depending on the vehicle
speed. All these simulated braking methods need not require any extra components or
devices for this regenerative braking operation. Existing hall sensors positions are
used to generate switching pulses to the inverter in both motoring and braking modes.

Hybrid Energy storage system is designed based on battery and ultra-capacitor

in active combination. Active combination efficiently uses the properties of battery

Vi



and ultra-capacitor. So as to facilitate the sharing of power among the two different
sources, initially a bi-directional buck-boost converter based power management
system is designed and developed specifically for lower power applications meant for
two-wheeler electric vehicle. A simple controller is developed based on heuristic
approach to share power between and battery and ultra-capacitor. Later on, a
multiport converter based power management system for medium power electric
vehicle such as three-wheelers have been designed and simulated. The designed three
port converter takes power from both the sources simultaneously and shares it
optimally to meet the load demand. Many simulation results are obtained and
analyzed to show the power sharing and power management capability of designed
converters under variation in load power demand & variation in available power in
the basic source. The converter control is such that, it shares power from the two
sources in a way that the battery gives constant power and the remaining power from
or to the auxiliary power source, i.e. the ultra-capacitor. The hardware set-up for the
electric vehicle in both the motoring and braking has been developed. Powder
dynamometer test setup is used to feed the load characteristics of electric vehicle.
Control algorithms have been implemented in hardware by using the TMS320F2812

DSP processor for the PM BLDC drive.
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