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ABSTRACT

The issue of the depletion of oil reserves in the world, and the
problem of air pollution produced by motor vehicles, motivate
many researchers to seek alternative energy sources to propel
the vehicle. One promising way is to replace combustion motor
with an electric motor, which is known as an electric vehicle.
First stages of this research is to model the flow of power in the
electric vehicle energy system to obtain its characteristics.
Power flow efficiency in electric vehicle is very important
because this type of vehicle is highly dependent on the limited
electrical energy supplied by a battery. Therefore it should be
managed properly. This study is to look into the power flow
calculation so that the amount of electrical energy is in
accordance with the needs of electric vehicle. The design of
small electric vehicle model using MATLAB/Simulink software
is to get the best power flow response to the electric vehicle
energy system.
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1. INTRODUCTION

The indicators of success of development characterized by high
levels of population mobility. To increase mobility services
required a means of transportation. One of the means of
transportation used in the cities and villages is a vehicle. In
Indonesia, the vehicle is used mostly with oil fueled. Vehicles
with fuel oil is grow in line with lower world oil prices at the
time and too much supply of fuel oil [3]. Consumption of fuel
for vehicles is more increasing. More than half of world energy
consumption is used for transportation. Figure 1 illustrates the
differences are striking between fuel demand and world oil
production after the year 2020 [8].

Increased consumption of fuel oil to fuel the vehicle affect fuel
supplies are running low [8],[11]. Besides, the use of fuel oil on
the vehicles produce exhaust gases that potentially pollute the
environment. Flue gases produced by vehicles consist of 18%
solid particles, 27% mixture of volatiles (comprising 28% Pb,
32% NO and 62% CO) and CO2 by 25% [2].

Another deficiency of this type of vehicle is the noise level is
high enough. Air pollution also impacts on the environment [1]
and human health [5]. Of these problems need to be a change in
energy source from fuel oil to electricity as a source of power
driving a vehicle.
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Human effort in order to reduce dependence on petroleum fuels
and environmental pollution is to make electric vehicle
[3].[6].[12]. The main components of the electric vehicle is an
electric motor as drive systems, electrical energy sources,
control systems as a central control, and power converter as a
device that converts electrical energy source with variable needs
of the electric vehicle by switching devices. Meanwhile electric
vehicles generally use a battery as its main energy source
[2],[3].[6]. But the batteries on electric vehicles have a weakness
that has the capacity and service life is limited so that necessary
arrangements for charging batteries do not work hard. Power
flow model of electric vehicle energy system is needed to obtain
the energy needed by an electric vehicle that can determine the
required battery capacity.

The experiments to determine the capacity of the battery when
the battery in working condition also has been done [10]. While
the development of hybrid electric vehicle with energy from the
battery and flywheel also been conducted[7]. Flywheel energy is
used as an alternative if the vehicle is in acceleration phase.
Through this flywheel as well as the remaining energy is used
for regenerative braking is stored in the battery. Dynamic model
of a complete electric vehicle consists of controllers, inverters,
traction motors and batteries and braking have also been
developed [9]. The model was developed with model
Matlab/Simulink  (Mathworks). The prediction model of
electrical energy in electric vehicle with MATLAB / Simulink
was also developed with statistical methods [4].
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Fig 1: World oil demand by 2050 [8].

We developed an electric vehicle adapted to urban conditions in
Indonesia which densely populated and narrow streets. This type
of vehicle is expected to be solution for urban transportation
later. The electric vehicle which we developed can be seen in
Figure 2.
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Fig 2: The development of electric vehicle
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2. MATERIAL AND METHODS
2.1 Material

The materials used in this work were a Lead acid battery type
46B24L produced by PT. GS Battery Indonesia, a unit of Honda
life, an induction machine and a unit of inverter. In the
implementation of electric vehicles that use parameters should
be tested. From the data obtained by physical examination
including specification electric vehicle and battery data 46B24L
type as shown in table 1 and table 2 below:

Table 1. The specifications of electric vehicle in this study

Electric Vehicle Spesification Size
Weight (kg) 900
Friction coefficient 0,19
Rotary coefficient 0,0048
Max speed (km/jam) 20
Acceleration (km/h; s) 0->60; 8,0
Mileage (km) 60
Battery type Pb/lead acid
Battery voltage (Volt) 500
Motor capacity (kWh) 5,5
Converter type IGBT inverter

Table 2. Physical data type of battery 46B24L

Battery Type Size

Dimension (mm) tx | x p 227 x 129 x 238

Capacity [Ah] 36
Discharge max [A] 150
Weight (kg) 12,5
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2.2 Instruments

Mathematical Laboratory (Matlab) version R2008b (developed
by MathWorks, Natick, Massachusetts) was employed to
perform the simulation procedures and development of
mathematical computing. All computational simulations were
performed on a Window machine with Intel Dual Core 2GHz as
the processors and 1 GB of RAM.

2.3 Proposed Method

The electric vehicle used in this research is a form of
development of small car that suitable for urban areas in
Indonesia. Vehicles designed in such a way as to be electric
vehicles with parts such as induction machine as the prime
mover, the inverter as a media liaison between dc source with
induction machines, and battery as an energy source can be seen
in Figure 3. The model is designed by using the program
Simulink/Matlab.
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Fig 3: The model of electric vehicle in this study.

Induction motor is used as the driver has many advantages of
robust, cheaper, widely used for electric driving with constant
velocity, large inertia, no require routine maintenance. Induction
motor as the driving has been modeled in gdn coordinates. This
model more flexible than conventional models. Because, the
model is possible to operates with a non sinusoidal voltage, even
for conditions of non symmetrical source, the model can still be
analyzed.

The battery which used as energy source are lead acid batteries
type, they often found in the market and the relatively affordable
price. This is one major factor why should this type of battery
selected. Besides, this type of battery can be used for engine
starting process that requires a fairly high currents. The output
of this battery is a dc voltage/current, while the motor of an
electric vehicle using an induction motor, then the power
converter is required as the power supply to the induction motor.
The power converter technology which used in this model is the
PWM converter.
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3. RESULT AND DISCUSSION
3.1 Tractive Effort Modelling

The initial testing is conducted in accordance with the scenario.
Analysis of electric vehicle is required to get the suitable size of
the induction motor and battery source. First step is the
modeling to make an equation of tractive effort to determine
how much load on the electric vehicle to a flat road conditions.
The tractive effort on electric vehicle include rolling resistance
force, aerodynamic drag, hill climbing force and acceleration
force should be studied further.The rolling resistance force is
thrust into the front of the electric vehicle. This is equal to the
transmitting wheel to be through a street like Figure 4. It is
proportional to vehicle weight, the equation is:

I:rr = HyMg @)

where F,, is the rolling resistance force, m is mass of vehicle, g
is the gravity and prr is the coefficient of rolling resistance.

Fig 4: The forces acting on a vehicle moving [6].

Aerodynamic drag is the force on the vehicle that caused by the
vehicle aerodynamic. This force is determined by the shape of
the surface of the vehicle (A), coefficient of form (C,), velocity
(v) and air density (p). The formula for this component is:

Fg= %,oACdv2 @

Hill climbing force is the force on the vehicle to move up or
move upward with a slope. By simple resolution of force we see
that:

Fi. =mg sin(y) ®)
where ¥ is the slope.
Acceleration force is the force required to increase the speed of

the vehicle. If the linear acceleration of the vehicle according to
Newton's second law is:

F. =ma @)

la
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The vehicle moves with angular speed then the angular
acceleration is required. Angular acceleration force is the force
required by the wheels to make angular acceleration (F,z.), as
follow:

2
F. :Ic:—za ©)

where | is the moment of inertia, G is gear ratio, r is the radius
of the tyre.

The total tractive effort is the sum of rolling resistance force,
aerodynamic drag, hill climbing force, linear acceleration forces
and angular acceleration force as follow:

Fte = I:rr + Fad + ic + I:Ia + Fa)a (6)

The estimated of energy is required to be determine the battery
capacity according to need. The needed energy of electric
vehicle is:

P. = F. XV 7

where v is the speed of vehicle.

From equation 1-7 we can be made a model using the software
program MATLAB/Simulink that can be represent a vehicle.
The input is needed from the model of acceleration, speed and
slope of road while the output of motor and currents as shown in
Figure 5. Based on data in table 1, it would be require a force of
527.6 N to move the prototype electric vehicle models.

F_imotor) (i)

u=
5 a(mis'2) Pt (W)

a(mst2) °
ACCL Pigrir), P, Pe, Pr.Pa
1234

acel

Fe ()
M alphaideq) Pr
slope(deg) 3

SLOPE Pa)
A

slope

- I_mator »
20 3
. o {Waml)y ,

_mot;
i)

SPEED 1628

Model Vehicle I_input motor
Signal Builder

F_input motor

¥

[0

>

Pi{mtr), P, Pe, Pr

[

z

Fig 5: The power flow of electric vehicle model.

With reference to the testing a maximum speed of 20 km/h in 8
seconds, if an electric vehicle with 900 kg total mass, friction
coefficient of 0.19, the air density of 1.25 and aerodynamic
factors of 0.75, the surface area of vehicles 1.49m? the gear
ratio factor G, at 2, wheel radius of 0.3 m, and maximum power
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efficiency of 0.77 then the induction machine is needed 3899
Watts.

From equation 7 obtained a significant relationship between the
power required by the induction machine as a driving electric
vehicles with lead acid batteries as the source. Effective energy
than lead acid batteries used in this study is 21060kWs. With the
assumption of supreme power that is absorbed by the induction
machine to drive an electric vehicle by 3889W, the battery can
provide energy for 5401 seconds or about 1 hour 30 minutes
1.38 seconds.

3.2 Electric Vehicle Acceleration Modelling
The acceleration of an electric vehicle is a key performance
indicator, though there is no standard measure used. Typically
the time to accelerate from standstill to move will be given. The
nearest to such a standard for electric vehicles are the 0-30 kph,
though these times are not given for all vehicles. Such
acceleration figures are found from simulation of real electric
vehicles. The electric vehicles performance simulations are
carried out at maximum torque.

The maximum torque of an electric motor is a fairly simple
function of angular speed. In most cases, at low speeds, the
maximum torque is a constant, until the motor speed reaches a
critical value o, after which the torque falls, nevertheless the
power remains constant. Meanwhile the angular velocity of the
motor depends on the gear ratio G and the radius of the drive
wheel r, so that :

r
V{—a@.thenT =T 8
<G Cen max ()

After the starting phase is passed, then either the power is
constant, and we have the torque is:

r.o,

T = Tmax
Gv

)

We can combine equation 6, 8, 9 in order to find the acceleration
of an electric vehicle is:

dv nr? GT 1 , . j
—_——— | — — mg —— pAC,v° —mg sin
dt ngr2m+IGz( p A g g P gsiny)

Provided that all the constants are known, or can reasonably be
estimated, this is a very straightforward first-order differential
equation to find the acceleration of an electric vehicle. The
model simulation of acceleration is shown in Figure 6.

These values from table 1 can now be put into equation 10 then
the model become:
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V,,, =V, +0t(3.11-0.000113 v? (12)
V,,, =V, +ot 621 —0.046-0.000113v | (12)
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n

The acceleration of electric vehicle
140 T T

120 B

100 - B

60+ B

velocity/kph

60 B

40 1

20+ B

Time/seconds
Fig 6: Simulasion of acceleration of electric vehicle model.

3.3 Electric Vehicle System Modelling

The model that proposed in Figure 3 is to get a performance of
the electric vehicle. The model uses lead acid batteries 375 Volt,
PWM inverter and three phase induction machine 220 Volt, 60
Hz. The simulation of electric vehicle system modeling is
shown in Figure 7.
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Fig 7: Simulasion of electric vehicle system model.

The simulations above to find out the performance of electric
vehicle in starting conditions and running with constant speed.
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4. CONCLUSION

Modeling of electric vehicle system makes it easy to determine
how much battery capacity required by an electric vehicle with
certain specifications to achieve a certain distance as well. This
model can be used to estimate how long the battery can be used
in electric vehicles. The model can also be used to determine the
performance of electric vehicle such as the starting process or
running with constant speed
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