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Abstract— Battery electric vehicle (BEV) is one such form
of alternative transportation that has the potential to become
the most commercially successful technology amongst the
numerous technologies proposed by researchers across the
globe. BEVs use electric energy, stored in the form of
chemical energy, to drive the vehicle, or share a
considerable amount of power demand with the
conventional internal combustion engine. Depending upon
the degree of power shared, the BEVs are classified into
Hybrid Electric Vehicles (HEVs), which partly rely on the
internal combustion engine, and Electric Vehicles (EVs) that
are completely void of any form petroleum consumption.
The voltage generated in such systems has a large noise
parameter. In this project we have developed a hybrid
electric vehicle system with voltage stabilization using the
proportional integral controller.
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. INTRODUCTION

The ~apprehension of the economic and environmental
impact of fossil fuel combustion has accelerated the
popularization of alternative renewable sources of energy.
The transportation sector which is one of the highest
consumers of fossil fuel and largest contributor of
greenhouse gas emissions; due to the rapid increase in
population, advancement in technologies, urbanization and
industrial development is increasing at a rate much more
than anticipated. The petroleum consumption by
transportation sector has increased froml6 million barrels
per day in 1971 to 37 million barrels in 2002. According to
an estimate by the International Energy Annual, the global
oil demand will spike up to 121 million barrels per day by
2030, 54 percent of which will be consumed by
transportation  alone, The  worldwide  petroleum
consumption, according to the research conducted by US
Energy Information Administration. This increased and
inefficient use of fossil fuels by on-road transportation has
led to the development of alternative fuel vehicles.
Alternative fuel vehicles refer to the class of vehicles that
are partially or solely powered by sources of energy other
than fossil fuels such as bio-fuels, electricity or hydrogen.
The target of all such vehicles is to minimize vehicle
emission, increase sustainability and reduce strain on the
environment. , past experiences with BEVs have often been
poor and there are still a number of technological challenges
in the area of battery technology that need to be addressed
before a reasonable level of market success can be achieved.
Currently, most of the batteries available in the market have
serious constraints in delivering the desired driving
performance, driving range and safety at a low initial cost.
Therefore, the main objective of the proposed research is to
analyze the performance of the batteries and push the
envelope of the present battery technologies beyond what

the automotive OEMs and suppliers are currently
developing. The proposed research will address the inherent
obstacles of batteries, which can result in significant
improvements, facilitating the production of implementable
solutions in the areas of efficiency, performance, and
component volume and weight.

The primary design challenges in electric vehicles
having multiple energy storage systems lies in managing the
net energy expenditure, determining the proportional power
split and establishing methods to interface between the
energy systems so as to meet the demands of the vehicle
propulsion and auxiliary load requirements. Combined
usage of multiple energy storage systems in a synergistic
arrangement permits key attributes of the individual systems
to be exploited. However, to obtain high utilisation
efficiencies, these energy storage systems require an
intervention of their natural power sharing. As such, a power
and energy management system is required to strategise and
arbitrate power sharing between the multiple energy sources
and the load. This thesis addresses the power and energy
management problem in a systematic and holistic manner by
adopting a new perspective approach and a functional
implementation framework.

Il. PROPOSED WORK

A. Hybrid vehicle:

A hybrid vehicle uses two or more distinct types of power,
such as submarines that use diesel when surfaced and
batteries when submerged. Other means to store energy
include pressurized fluid in hydraulic hybrids. The basic
principle with hybrid vehicles is that the different motors
work better at different speeds; the electric motor is more
efficient at producing torque, or turning power, and the
combustion engine is better for maintaining high speed

(better than typical electric motor). Switching from one to

the other at the proper time while speeding up yields a win-

win in terms of energy efficiency, as such that translates into
greater fuel efficiency, for example.

Hybrids-Electric vehicles (HEVs) combine the advantage of

gasoline engines and electric motors. The key areas for

efficiency or performance gains are regenerative braking,
dual power sources, and less idling.

— Regenerate braking. The drive train can be used to
convert kinetic energy (from the moving car) into stored
electrical energy (batteries). The same electric motor
that powers the drive train is used to resist the motion of
the drive train. This applied resistance from the electric
motor causes the wheel to slow down and
simultaneously recharge the batteries.

— Dual power. Power can come from either the engine,
motor or both depending on driving circumstances.
Additional power to assist the engine in accelerating or
climbing might be provided by the electric motor. Or
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more commonly, a smaller electric motor provides all
of the power for low-speed driving conditions and is
augmented by the engine at higher speeds.
— Automatic start/shutoff. It automatically shuts off the
engine when the vehicle comes to a stop and restarts it
when the accelerator is pressed down. This automation
is much simpler with an electric motor. Also see dual
power above.
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Fig. 2.2: Key historical events in the evolution of EV
technology

B. Electric vehicle batteries and ultracapacitors:

Two factors fundamentally characterise the application of
electrical energy storage systems. The first is the amount of
energy that can be stored in the device and the second is the

rate at which the energy can be extracted. The former refers
to the energy capacity of the device and the latter refers to
the device power rating. In order to design and implement a
power and energy management system, the operating
principles and factors that define the operating constraints or
the energy storage systems must be considered.

In EV applications, desirable attributes for the
battery system are high specific power, high specific energy
and a high number of cycle life as well as a long calendar
life. Technical challenges exist to meet these performance
requirements whilst adhering to the initial and replacement
costs constraints. Battery systems for EVs need to be
rechargeable and also handle the harsh operating
environment that they are subjected to in an EV. There are
basically two categories of battery systems that are
accordingly termed as primary batteries and secondary
batteries. Primary batteries are non-rechargeable and are
discarded at the end of a single full discharge. These
batteries are commonly found in consumable electronics.
Secondary batteries however are rechargeable with the
number charge-discharge cycles varying for different battery
technology. It is the secondary battery that finds application
in EVs. The battery is a collection of electro-chemical cells
converting chemical energy directly into electrical energy
via isothermal process having a fixed supply of reactants.

In addition to the batteries, the scopes of
ultracapacitors are also being looked into by researchers and
automotive engineers due to its high power density and
prolonged life. An ultracapacitor discharges in seconds
delivering very high instantaneous power. Its high charge
acceptance capability also makes it highly suitable for the
regenerative operation of traction motors, a special feature
of the electric drivetrain. The Nissan Condor capacitor
hybrid truck relies on a 583 Wh, 346 V ultra-capacitor
modules. According to the current developments and
research trends, ultracapacitors are also being used in
conjunction with batteries to improve the battery
performance and overall drivetrain efficiency. Unlike
normal capacitors, which offers capacitance by winding
great lengths of metal foil plates separated by dielectric film,
ultracapacitors achieve charge separation in the order of ion
dimensions (-10A).

1) Proportional Integral Controller:

Proportional-Integral controller mode results from the
combination of the proportional and the integral mode.
Certain advantages of both control actions are obtained from
this mode. This mode is also called as the proportional reset
action controller. Equations for the proportional mode and
integral mode are combined, to have an expression for this
mode, which is given as:

P = Kpep + KoKyfepdt + Py «vvvvvveveniineninnnn 2.1
where pyo) = Integral term value at t = 0 (initial value)
ko = proportionality constant
k: = integral constant
ep = error signal

The proportional gain, by design, also changes the
net integration mode gain, but the integration gain, can be
adjusted independently. The proportional offset occurred,
when a load change required a new nominal controller
output, and this could not be provided besides by a fixed
error from the set point. In the present mode, the integral
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function provides the required new controller output,
thereby allowing the error to be zero after a load change.
The integral feature effectively provides a ‘reset’ of the zero
error output, after the load change occurs. At time t1 a load
change occurs, that gives the error. The accommodation of
the new load condition requires a new controller output. The
controller output is provided through a sum of proportional
plus integral action that finally leaves the error at zero. The
proportional part is obviously just an image of the error.

C. Simulink model:

Vaftage Stasitaation

VOTOR FEW

Fig. 2.3: Simulink model for the voltage stabilization of the
hybrid vehicle
1) Motor:
An electric motor is an electrical machine that
converts electrical energy into mechanical energy. Most
electric motors operate through the interaction between the
motor's magnetic  field and electric ~ currentin  a wire
winding to generate force in the form of torque applied on
the motor's shaft. Electric motors can be powered by direct
current (DC) sources, such as from batteries, motor vehicles
or rectifiers, or by alternating current (AC) sources, such as
a power grid, inverters or electrical generators. An electric
generator is mechanically identical to an electric motor, but
operates with a reversed flow of power, converting
mechanical energy into electrical energy.
2) Proportional Integral Controller:
Proportional-Integral controller mode results from the
combination of the proportional and the integral mode.
Certain advantages of both control actions are obtained from
this mode. This mode is also called as the proportional reset
action controller. Equations for the proportional mode and

integral mode are combined, to have an expression for this
mode, which is given as:

P = Kpep + KpKfepdt + Pro) «vovvvvevereeieninininnnn 2.1
where pyo) = Integral term value at t = O (initial value)
ko = proportionality constant
k:= integral constant
ep = error signal

The proportional gain, by design, also changes the

net integration mode gain, but the integration gain, can be
adjusted independently. The proportional offset occurred,
when a load change required a new nominal controller
output, and this could not be provided besides by a fixed
error from the set point. In the present mode, the integral
function provides the required new controller output,
thereby allowing the error to be zero after a load change.
The integral feature effectively provides a ‘reset’ of the zero
error output, after the load change occurs. At time t1 a load
change occurs, that gives the error. The accommodation of
the new load condition requires a new controller output. The
controller output is provided through a sum of proportional
plus integral action that finally leaves the error at zero. The
proportional part is obviously just an image of the error.
3) Permanent magnet synchronous generator:
A permanent magnet synchronous generator is
a generator where the excitation field is provided by a
permanent magnet instead of a coil. The term synchronous
refers here to the fact that the rotor and magnetic field rotate
with the same speed, because the magnetic field is generated
through a shaft mounted permanent magnet mechanism and
current is induced into the stationary armature. Synchronous
generators are the majority source of commercial electrical
energy. They are commonly used to convert the mechanical
power output of steam turbines, gas turbines, reciprocating
engines and hydro turbines into electrical power for the grid.
Some designs of Wind turbines also use this generator type.
In the majority of designs the rotating assembly in the center
of the generator—the "rotor"—contains the magnet, and the
"stator" is the stationary armature that is electrically
connected to a load. As shown in the diagram, the
perpendicular component of the stator field affects the
torque while the parallel component affects the voltage. The
load supplied by the generator determines the voltage.
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Fig. 2.4: Controller block
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IV. CONCLUSION

HEVs are rapidly emerging as a potential alternative to the
existing state of transportation due to their lower petroleum
consumption and toxic emission. Strict CO2 emission laws
and increased public awareness will propel HEVs to be the
future of road transportation. Penetration of PHEVs in the
market will change the operations of electric grid
substantially, and efforts are being made to provide a two-
way communication between the user and the grid. Most of
the industrial controllers are P-1-D in nature. The major
reasons behind the popularity of P-1-D controller are its
simplicity in structure and the appilicability to variety of
processes. Moreover the controller can be tuned for a
process, even without detailed mathematical model of the
process. However, proper tuning of the controller
parameters requires extensive experimentation. The methods
for controller tuning would be discussed in the next lesson.
Crudely speaking, the desired closed loop performances,
such as fast response, zero steady state error and less
overshoot are achieved through incorporation of P,I and D
actions respectively. But the choice of P-D, P-I or P-1-D
structure depends on the type of the process we intend to
control. To extend the battery life, it is suggested to combine
UC with battery which will further improve the fuel
efficiency and performance during varying ambient
conditions. Based on the study carried out, it is observed
that there is a growing interest in developing advanced
traction motors for hybrid vehicles and many traction
motors are available in the market. However, considering
the trade-off based on performance, robustness, reliability
and cost, the choice is often between induction motor and
permanent magnet AC motor.
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