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ABSTRACT

An electric vehicle (EV) is vehicles that use an electric as its power source.
Electricity can be generate by many ways like solar, wind and water. An EV will
produce almost zero emission. An EV used a direct current (DC) motor as exchange
with the internal combustion engine (ICE) in conventional vehicle and in hybrid electric
vehicle (HEV). A battery electric vehicle (BEV) is just using battery as its power source
which is different from HEV that are using ICE as a generator and as a secondary power
source that still produce pollution in the air. The energy for BEV is generated by battery
to DC motor. This part is known as energy management of battery to DC motor. There
is method to estimate the state of charge (SOC) from a battery. In this project, an
experiment have be done using 5 horsepower (HP) DC motor and a lead-acid battery to
estimate the SOC by using an open circuit voltage (OCV) of a battery. For charging
profile, a data is produced by using a 12V 20A charger that is connected to a series of
battery. A simulation for determining SOC of a battery to DC motor also have be done
by using a MATLAB software version 7.6.0 (R2008a). By an experiment, result of
charging and discharging profile are plotted into a graph and by a simulation using
MATLAB software, graph of discharging profile is plotted and by analyzed the result,
prediction of journey have been made and battery lifetime also can be determined. With
this both result, a comparison have been made to both result and an algorithm is been
produced consisting of an energy management of a battery to DC motor. With this
algorithm, an estimation of the energy left in the batteries that have been supply to
different load of DC motor should be easier. The new design of a battery charger also
been introduced in this thesis. By using a L200 component, the charger system should be

an intelligent circuit with additional features.
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ABSTRAK

Kenderaan elektrik (EV) ialah suatu kenderaan yang menggunakan tenaga
elektrik sebagai sumber tenaga utama. Tenaga elektrik boleh dihasilkan daripada
pelbagai cara seperti tenaga suria, angina dan air. EV hampir tidak mengeluarkan
sebarang pencemaran terhadap alam. EV menggunakan motor DC sebagai ganti kepada
internal combustion engine (ICE) yang digunakan dalam kenderaan konvensional dan
kenderaan elektrik hibrid (HEV). Kenderaan elektrik berbateri (BEV) hanya
menggunakan bateri sebagai sumber tenaga utama dimana berbeza dengan HEV yang
menggunakan ICE sebagai generator dan sebagai sumber tenaga kedua yang masih
menghasilkan pencemaran di dalam udara. Tenaga di dalam BEV dihasilkan dari bateri
ke motor DC. Bahagian ini dikenali sebagai pengurusan tenaga dari bateri ke motor DC.
Ada satu cara untuk mengukur state of charge (SOC) daripada bateri. Dalam projek ini,
satu eksperimen telah dilakukan dengan menggunakan 5 horsepower (HP) motor DC
dan lead-acid bateri untuk mengukur SOC melalui open circuit voltage (OCV) daripada
bateri. Untuk profil mengecas, data diperolehi dengan menggunakan pengecas 12V 20A
yang disambungkan kepada satu siri bateri. Simulasi untuk mengukur SOC daripada
bateri ke motor DC telah dilakukan menggunakan perisian MATLAB versi 7.6.0
(R2008a). Melalui satu eksperiment, satu keputusan profil pengecasan dan
pengediscasan telah dihasilkan dalam satu bentuk graf dan melalui simulasi dengan
menggunakan perisian MATLAB, hanya graf pengediscasan dapat dihasilkan dan
dengan menganalisa keputusan tersebut, ramalan tentang jarak perjalanan dapat dibuat
dan jangka hayat bateri turut dapat ditentukan. Dengan kedua-dua keputusan ini, satu
perbandingan telah dilakukan melauli kedua-dua keputusan ini dan satu algorithm telah
dapat dihasilkan tentang pengurusan tenaga daripada bateri ke motor DC. Dengan
terhasilnya algorithm ini, pengukuran tenaga yang masih berbaki di dalam bateri yang
telah diberi ke bebanan yang berlainan di dalam motor DC sepatutnya menjadi lebih

mudah. Rekaan baru sirkit pengecas bateri juga telah diperkenalkan di dalam tesis ini.
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Dengan menggunakan komponen L200, system pengecas sepatutnya menjadi sirkit yang

pintar dengan penambahan ciri-ciri lain.
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CHAPTER1

INTRODUCTION

1.1  INTRODUCTION

An electric vehicle (EV) is the vehicle that use different source of energy from
the conventional vehicle. Power source of an EV gained from the electricity to supply
the energy to vehicle sub-system. An EV is produce to achieve zero emission vehicles.
A conventional vehicle produce a lot of environment pollution and this number are
raising rapidly as millions of people gain access to public and personal transportation.
Due to the oil price that now is unreasonable raise cause by lack of the petroleum from
all over the world, the automobile manufacturers find a ways to using others energy as
change to the petrol [1]. One of the energy that have being found is using the electricity
since 1931 in Paris [2]. Nowadays, the automobile manufacturers working harder to
improve the current EV to become more reliable and have a friendly use functions.
Many of the automobile manufacturers have produced an EV such as Daimler-Chrysler,
Ford, and General Motors that initially use Plumbum-acid batteries. Toyota and Honda
will use nickel metal-hydride batteries and Nissan will demonstrate vehicle using Li-ion
batteries as the energy [1]. As in the conventional vehicle, fuel gauge is use to
determine fuel left in the vehicle. In EV, the estimation of battery state of charge (SOC)
is important to determine the energy left in EV to predict journey that can reach by an
EV before empty and need to be charge [3]. Energy from the electricity is supplied by a
series of battery pack place in an EV. An EV divided by two categories that are Hybrid
Electric Vehicle (HEV) and Battery Electric Vehicle (BEV) [4].




HEV is an electric vehicle using both the petrol or diesel and battery as a power
source so hybrid mode can be change anytime necessary. In HEV there are also two kind
of HEV. Series HEV and parallel HEV.

Figure 1.1 shows a series HEV. The electric motor will be connecting to drive train
and vehicle will driven by electric motor. If the state of charge (SOC) at minimum stage,
an Internal Combustion Engine (ICE) will turn on and charging the battery. An ICE will
turn off when SOC fully recharge. In SHEV, there is no mechanical connection between
ICE and chassis. The advantage of SHEV is the ICE is running at an optimal and
combination of speed and torque all the time SHEV being operate. This can reduce the
fuel consumption and having a high efficiency. Even though, the SHEV also have a
disadvantage. Because of there are two energy conversions install in SHEV, much
energy loss due to inner resistance and friction during the transportation of the energy
between ICE and wheels [5].

Cycle

Driver Commands

Controller [

I Speed or Torque

sensor

N
Power Electronic
Converter

Battery

-

Figure 1.1. Series Hybrid Electric Vehicle [5].




Figure 1.2 shows a parallel HEV (PHEV). PHEV can be driven with both of ICE
and electric motor (EM) at the same time. This can make a PHEV to choose the
combination freely so the PHEV will be applied by the required torque at each time. To
combine these two ICE and EM is to use the EM alone at lower speed and leave ICE to
work at high speed so the EM will be more efficient than the ICE. When ICE is in
operate mode, an EM will act as a generator and charge the battery. When the power
demand is low, only the ICE will be use. When PHEV being accelerated and use high
speeds, the EM will be operate as a complement to ICE that will give extra power if
needed. An ordinary ICE is inefficient when operate at low speed so better to use EM at
low speeds [4].

Figure 1.2. Parallel Hybrid Electric Vehicle [4].




Figure 1.3 shows a Battery Electric Vehicle, an EV that using pure electric as a
power source. Because of the power source is using 100% energy from the battery, BEV
produce zero emission pollution. In BEV, motor will be connecting directly to the drive
train. Battery is connected to the motor. Here, if the motor using is from the Alternating
Current (AC) motor, BEV will need a Direct Current (DC)/Alternating Current (AC)

converter to change the signal from DC to AC so the motor can operate smoothly [6].

Driver
Command

Controller (——J

18peed! Torque i

Sensor |

Battery cironic

Figure 1.3. Battery Electric Vehicle [6].




1.2 PROJECT BACKGROUND

An EV has not been denied as one of the alternative effort to reduce the
environment pollution and cost that cause by a conventional vehicle. For an EV,
estimation of SOC is the important subject to be discussed. Methods for estimate SOC
have been done by [7] but this estimation is for Hybrid Electric Vehicle. An estimation
of SOC for lead-acid batteries also has been done by Ahmad Fasih [8]. Estimation of the
SOC for HEV is not a crime but the HEV still producing pollution and using a diesel as
its power source. World has tell that the petroleum producing is reducing each year and
even each month so, if the method of estimation SOC is for HEV then when the time has
come this method is not yet being approve if this method can be use by EV. This thesis
will define the energy management of BEV. This thesis want to define if the method of
estimation SOC for the HEV can also being applied to the BEV with various type of

load use.

1.3 PROJECT OBJECTIVE

The objective of this project is to develop an algorithm for the energy management

of Battery to DC motor based on the energy needed by the DC motor.

1.4 PROJECT SCOPE

Objective of this thesis is to develop an algorithm for energy management of BEV.
Thus, this thesis will consist:
1) Monitoring the state of charge (SOC) of battery for predictive battery lifetime
for different DC motor used.
2) Improving charger system to be more effective.

3) Design intelligent charger controller.



1.5  THESIS OUTLINE

Chapter 1 is about the introduction to the Electric Vehicle that used a DC motor
as a replace of an engine in conventional vehicle and the purpose of this thesis written to

give an explanation about this project.

Chapter 2 represented the battery modeling, the equation that will use to
complete this project and an overview on battery management of electric vehicle. This

chapter also will show on how the estimation of Voc and SOC will be determined.

Chapter 3 described the methods that are used to determine the Voc of the
battery and from this data, estimation of SOC can be done. This chapter also show the

experimental and simulation method.
Chapter 4 shows the result get from both of experiment and simulation method,
compared and will be discuss to get the algorithm of energy management of battery to

DC motor.

Chapter 5 presents the summary and conclusions to complete this project.




CHAPTER 2

OVERVIEW OF ENERGY MANAGEMENT OF ELECTRIC VEHICLE

From the research, estimation of the SOC is done by using the extended Kalman
filter (EKF) for the HEV [7]. So, this project wants to estimate the SOC by different
energy of battery and different kind of DC motor by using the experiment and
simulation using MATLAB software.

2.1 THE BATTERY

Battery is important in the BEV because it supply the energy to move the vehicle
and make it works. Thus, battery management is very important for energy management

in BEV.

2.1.1 Battery Management

The automotive is a passive standalone and very important component in the
Electric Vehicle (EV). Precise monitoring and active control of the battery are needed in
the energy management and powertrain hybridization. The battery monitoring are known
as a continuously calculating application-relevant battery state quantities based on
sensed physical quantities, typically current, voltage, and temperature. “Configurations
of this type have been common for traction batteries for some time, but have more
recently been introduced for demanding 12V SLI battery applications as well. Examples
for active control measures are state-of-charge (SOC) control by discharge/charge
management and thermal management that maintains upper and lower temperature

thresholds and limits temperature gradients within the battery.



Together with subsystems involving elements such as sensors, monitoring
algorithms, and cooling fans, the battery then forms an energy storage system that
interacts with the vehicle in a complex manner”. This is meant that state of charge
(SOC) is important to determining rate capacity of batteries. The SOC also needed to
determining end of the charging and discharging the batteries. To determining the SOC,
there are various methods such as direct measurement, specific gravity (SG)
measurement, voltage based SOC estimation and also current based SOC estimation.
The SOC calculation is important for the batteries in the battery management so the
power that will be deliver to the load in the maximum state.

But to determine the state of charge, preferred to use this equation that are determine

from estimating the open circuit voltage. That is [1].

SOC(%) = 84 x OCV — 98.4 (1.1)

To make it easier, the table have been develop to determine the SOC much more quicker

than using the equation [9]

Table 2.4: Determining SOC base on OCV [9]

Open circuit voltage (OCV) State of Charge (SOC)%
126V 100

124V 75

122V 12.2

120V 12.0

119V 11.9




2.1.2 Battery Modeling

For the simulation of energy consumption of electric vehicles, precise battery
models are required. The biggest challenging problem in modeling a battery source is
come from the non-linear characteristics of the equivalent circuit parameters that require
lengthy experimental and numerical procedures. This is because the battery has its own
internal parameter. The battery modeling has 3 basic types of battery modeling. The
ideal model of a battery circuit diagram as shown in Figure 2.5 basically ignores the
internal parameters and simple where this model is primarily made up of only a voltage

source [1].

Ot

Vhatt.

Eo ——

Figure 2.5: The Ideal Battery Model [1].

The circuit diagram as shown in Figure 2.6 is the linear model that is similar to
an ideal battery with open-circuit voltage Ey and equivalent series resistances Rs. The
terminal is the Vi and can be obtain from the open-circuit tests. This model is the most

commonly used battery model.
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AL o+

Vhatt.
Eo —

Figure 2.6: Linear Battery Model [1].

The thevenin model as shown in Figure 2.7 consists of electrical values of the
open-circuit voltage (Eo) internal resistance(R), capacitance(C) and the overvoltage
resistance (Rg). The capacitor C is the capacitance of the parallel plates and resistor Ry is

the non-linear resistance from the plate to electrolyte.

AN

Vhatt.

Figure 2.7: The Thevenin Model [1].

For the model, assumption have be made that all of the components are constant

but in real application, they depend on the battery conditions.
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22  BATTERY OR CELL VOLTAGES

For the battery or cell voltages, the common used now by almost all the vehicle

is lead-acid battery and Nickel-metal hydride battery.
2.2.1 Lead-acid Battery

In the lead-acid battery contain electrodes of lead metal (Pb) and lead (IV) oxide
(Pb0Oy) in an electrolyte of about 37% w/w (5.99 Molar) sulfuric acid (H,SOy). In the
discharged state both electrodes turn into lead(Il) sulfate (PbSO4) and the electrolyte
loses its dissolved sulfuric acid and becomes primarily water. Due to the freezing-point
depression of water, as the battery discharges and the concentration of sulfuric acid

decreases, the electrolyte is more likely to freeze.
The chemical reactions are (charged to discharge) [10]:
Anode (oxidation):
PbO, + SO, + 4H" + 2¢ = PbSO4 + 2H,0 (1.685V) 22)
Cathode (reduction):

PbO, + SO, 2 = PbSO, + 2¢ (0.356V) 2.3)
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2.2.2 Nickel-metal hydride battery

Nickel/metal-hydride (NiMH) batteries offer significantly higher shallow-cycle
life and energy density, compared to AGM batteries. Technological issues are primarily
their limitations at extreme temperatures (cold cranking, hot charge acceptance). The

potential for further cost reduction is limited.

The negative electrode reaction occurring in a NiMH battery is [10].

H,O0+M+e =OH + MH 2.4

The electrode is charged in the right direction of this equation and discharged in

the left direction. On the positive electrode, nickel oxyhydroxide (NiOOH) is formed,
Ni(OH), + OH" =NiO(OH) + H,O + ¢’ (2.5)

The "metal" M in the negative electrode of a NiMH battery is actually an intermetallic
compound [10].

23 DCMOTOR

As a change of internal combustion engine (ICE) in the conventional vehicle, an
electric vehicle using a DC motor. The operation is quite similar with the conventional
vehicle. If the pedal be push by the driver, electronic control module (ECM) will receive
a signal and apply current and voltage to the electric motor from the battery system.
Then the motor will apply torque to the EV wheels [1]. Mechanical output power can be
finding from the equation below [12].

Mechanical output power,

Py = Tn*®n 2.6)
= T (T*Np/30)

where,
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®m = Nominal speed in rad/s

Nm = Nominal speed in rpm

Normally, power in an electric motor is given in horsepower unit, HP. Thus, power need

to be calculated by watt unit, W and to change from HP to W is show in equation (2.7).

Power (W) = Power (HP)/746 2.7

From the mechanical load torque, constant K can be determining,
T = K* 0o (2.8)

This equations are important in an electric motor either it is a DC motor or an AC motor

and will be using in the simulation with Mathlab for complete this project.
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CHAPTER 3

EXPERIMENT AND SIMULATION OF BATTERY TO DC MOTOR USING

MATHLAB

3.1 EXPERIMENT METHODS

To implement an algorithm for energy management of battery to a DC motor, an

initial step is to done the experiment and then will be compared to the simulation with

Matlab. If results from an experiment are compatible with simulation, then the algorithm

developed is successful. This is step for an experiment.

3.1.1 Charging Battery

1.
2.

All battery is uncap and arranged in parallel( charger is in off mode)
Cable is connecting from charger to the batteries. The polarities have
to be attention. Positive terminal with positive cable and negative
terminal with negative cable.

Charger to be set in 12V and current apply is set to 20A. Current
apply is advised to be same as discharging to avoid damage of
battery.

Charger will be on and every 20mins, the charger will turn off and
voltage of each batteries taken by using voltmeter.

This step repeated until the open circuit voltage is 12.5V.




3.1.2 Discharging Battery
1.
2.

3.2

3.2.1

15

Batteries arranged in parallel

Batteries are connected to a DC motor as it is instruct in the manual

instruction of DC motor.

Motor will be run and every 10mins, open circuit voltage will be taken by
using voltmeter and current also be determined by using ammeter to
know how much current from battery to DC motor.

Open circuit voltage is taken till the voltage drop to 11.9V

With the data of open circuit voltage, state of charge can be determined
and the battery lifetime can be predicted.

SIMULATION USING MATHLAB

Using Mathlab software is to done a simulation and be compared to

experiment to find out it is compatible or not. Here, is the step of using Mathlab

software to done the simulation with reference from Mathworks.

Before it, a little calculation need to be show because the parameter in

Mathlab is depends on this calculation.

Mathematical Calculation

To using a DC motor in Mathlab, certain parameters need to be calculated

like mechanical output power, Pm and mechanical load torque, Tm.

This simulation is using SHP DC motor and 1750rpm for its nominal speed.
P(Watt) = SHP*746
P =3730w

3730W = Tm(w*1750/30) |

Tm = 20.354N-m

K =20.354N-m/( x*1750/30) |

K=0.11106
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3.2.2 Step For Simulation.

1.

Load DC motor power from DriveParameters library or if there is any

manual specification, can be load itself.

4{5P Motor |

{Tm %ﬁx\ Conv.

T

STt
P
A Ctd |
DC1
P Wm

DC motor SHP, 1750mpm

Figure 3.8: DC motor for simulation in Mathlab

2-Quadrant Single-Phase Rectifier DC Motor Drive

The DC motor parameters are specified in the DC Machine tab. The converler parameters, ~ }
smoothing inductance and field voltage values are specified in the Converter tab. The bridge firing
unit, speed and current regulstor parameters are specified in the Cortroller tab.

DC Machine E Converter |  Controller |
- Electrical parameters - Mechanical parameters
. e Inertia (kg*m”2):
Mutualinductance (H):  [1234 | oos J
Armature .- - i
Yiscous friction
Resistance (ohm). 0.78 coefficient (N-m-s);
0.0
Inductance (H): 0.016 S
Coulomb friction
Field (!‘?1’.‘1“‘3 (o)
LU L
Resistancecopmy 150 | = I = == I
inductance (H): 1 12,54

Model detal level| Detsiled ||
Parameters file options

( oK ] [ Cancel } { Help } [ Apply }

Figure 3.9: Parameters for DC motor in Mathlab
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Insert motor speed reference. Refer to the power motor used. Different |

motor power will need different speed reference.

1750 b—-

Speed Reference

Figure 3.10: Speed reference for DC motor based on the motor rpm

Load value of constant K in the linear load torque from mechanical load

torque calculation.

——iidec_T botor f—

Linear Load Torque

Figure 3.11: Linear load torque

ES‘S{rﬁulatioﬁlMotoriLiﬁéar Load Tor...

File Edit VYiew Simulation Format Tools Help

i la 1§ h i A £ 7 o
D eH&E| + 2B | & 4|0 &

speed

Motor Mec T
Gain

F100% g ~ lode23t 4;

i

Figure 3.12: Constant K in linear load torque block diagram
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Load battery specification from battery library or manual specification if

have any.

Lead Acid 20Ah

Figure 3.13: Battery component from electric drives library

L= Block Parameters: Lead Acid 20Ah

Battery {mask) (link) ~

Implements a generic battery that model most popular battery types. User-
Defined Battery type allow you to modify detailed parameters to represent any
particular discharge characteristics.

Parameters s

Battery type |[JERIESEE e e
Mominal Yoltage (Y

200 |
Rated Capacity {ah)

20
Initial State-Of-Charge (%)

100 |
Show detailed parameters

Full charge voltage (%)
108 ]

Mominal Discharge Current (% of Rated Capacity)

E |

Internal Resistance {Ohms)

0 |

Capacity (% of Rated Capacity) @ Nominal Yoltage

008 |

Exponential zone [Yoltage (%), Capacity (% of Rated Capacity)]

[102.5 0.08] | &
Lok J[ comced J[_ teb ] aoni

i}

Figure 3.14: Parameters in battery from electric drives library
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5. Load current based on the motor power needed.

1885 —y 1 l

Curnrent Supply @

Figure 3.15: Current supply in block diagram

6. Run the simulation and from the simulation, state of charge graph will

appear and battery lifetime will be known.

Figure 3.16: Result from the simulation by Mathlab
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Figure 3.17: Simulink model for battery to DC motor.
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Figure 3.17 shows a simulink model using block diagram which reference is

from www.mathworks.com, using a battery and supply the energy to DC motor. An

algorithm has been developed by using this simulink model. Different batteries and volt

can be applied in this simulink model.




CHAPTER 4
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STATE OF CHARGE ESTIMATION USING OPEN CIRCUIT VOLTAGE

41 EXPERIMENTAL RESULT

of lead acid batteries, the open circuit voltage can be determined and yet the SOC value

will be determine.

Table 4.18: SOC Table Base On OCV for Various Temperature [11].

\

State of charge can be estimate using the experimental method. By using 3 packs

Electrolyte Electrolyte 100% | 75% 50% 25% 0%
Temperature Temperature SOC SOC SOC SOC SOC
(Fahrenheit) (Celsius)

120° 48.9° 12.663 | 12.463 | 12.253 | 12.073 | 11.903
110° 43.3° 12.661 | 12.462 | 12.251 | 12.071 | 11.901
100° 37.8° 12.658 | 12.458 | 12.248 | 12.068 | 11.898
90° 32.2° 12.655 | 12.455 | 12.245 | 12.065 | 11.895
80° 26.7° 12.650 [ 12.450 [ 12.240 | 12.060 | 11.890
70° 21.1° 12.643 | 12.443 | 12.233 | 12.053 | 11.883
60° 15.6° 12.634 | 12.434 [12224 |12.044 | 11.874
50° 10.0° 12.622 | 12.422 | 12.212 | 12.032 | 11.862
40° 4.4° 12.606 | 12.406 | 12.196 | 12.016 | 11.846
30° -1.1° 12.588 | 12.388 | 12.178 | 11.998 | 11.828
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20° -6.7° 12.566 | 12.366 | 12.156 | 11.976 | 11.806
10° -12.2° 12.542 112342 | 12.132 | 11.952 | 11.782
0° -17.8° 12.516 | 12316 [12.106 [11.926 [ 11.756

Table 4.18 shows the state of charge of lead-acid battery with different
temperature. The usual condition of SOC is 80F or 26.7C as been highlighting above. By
using table 4.18, SOC can be determined more quickly in the experiment. Determination

of SOC in experiment is using interpolation with this table.
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Figure 4.19 shows parallel batteries while in charging process. Open circuit
voltage is determined by using a voltmeter on its terminal in each of the batteries. Open

circuit voltage can be determined in each of the battery and with the OCV, state of

charge of the battery is determined.

_Battery 3 +

/
[ —

Battery 2 4

\
—(—
+ Battery 1 \

Charger 12V
— 20A

L

=

Figure 4.19: Parallel Batteries Charging



Table 4.20: Parallel Batteries Charging (quantity of 3)
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Time(min) | Open Circuit | I; I I State of Charge(%)
Voltage(V)
Vi V, V3 Vi V, V3

20 1195 | 1193 [(11.87 |20.0 |83 2.5 8.82 5.88 10.00
40 12.04 | 12.01 | 1191 |20.1 |94 23 22.06 |17.65 |2.94
60 12.10 | 12.07 [ 1195 [20.0 |10.6 |23 30.56 |2639 |8.82
80 12.16 |12.12 {1198 [20.2 |11.6 |25 38.89 |33.33 |13.24
100 1220 | 12.16 | 12.01 |20.8 [ 123 |2.6 44.44 |38.89 | 17.65
120 12.22 | 12.18 [12.02 {202 | 124 |27 47.22 | 41.67 |19.12
140 1229 | 1224 | 12.06 |21.0 [114 |28 55.95 |50.00 |25.00
160 12.31 | 1227 | 12.09 |208 |12.7 |29 58.33 | 53.57 |29.17
180 12.37 (1233 [12.12 |213 [ 129 |3.0 65.48 |60.71 |33.33
200 1241 | 1238 |12.17 |20.8 | 134 |32 70.24 | 66.67 | 40.28
220 12.45 | 1242 | 1220 [209 |13.6 |3.2 75.00 | 71.43 |36.10
240 12.47 | 1244 (1222 |20.1 |11.3 |20 77.50 |73.81 |47.22
260 12.50 | 1247 | 1224 |19.8 | 135 |32 81.25 |77.5 |50.00
280 1256 | 12.54 [ 1227 [202 | 126 |35 88.75 | 86.25 | 53.57
300 12.56 | 12.53 [12.28 [20.1 |12.6 |34 88.75 | 88.75 | 54.76
320 12.58 | 12.56 | 1232 | 194 | 109 |3.1 91.25 | 85.00 | 59.52
340 12.62 | 12.61 | 12.54 |[20.5 | 145 |88 96.25 |95.00 |86.25
360 12.65 | 12.63 | 12.61 |20.8 | 144 |9.0 100.00 | 98.75 | 95.00

Table 4.20 is the results of experiment by using parallel batteries consists 3

batteries of lead-acid battery. By checking the battery voltage every 20 mins,

determination of state of charge can be calculate and the current applied also been

determine.
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Figure 4.21: Time versus Open Circuit Voltage (OCV) while charging

In Figure 4.21 shows a graph plot from the result in table 4.20. By using the
determination of OCV from the batteries, state of charge of battery can be plotted into a
graph. Battery open circuit voltage is increasing corresponding with time. This mean in
every 20 mins, charger will constantly supply power to the battery while charging.
Between these three batteries, as it show battery 1 has a high performance.

This is not because using a different kind of battery or different type of battery,
but it is because battery 1 is having more energy than the other 2 battery. The increasing
of OCV of battery also depends on how much energy left in the battery. If the batteries
still have a lot of energy in itself, charging process will be faster and can decrease the

amount of time for charging the battery.
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Figure 4.22: Time versus State of charge (SOC) while charging

In Figure 4.22, graph plot of state of charge by using the open circuit voltage
have been produce. Thus, the graph shows charging of battery need 360 mins to charge
the battery from 0% of SOC to 100% SOC. For determining state of charge of battery,
amount of current applied also cause effect in time of charging process. Battery 1 have
been supplied with approximately 20A of current. Thus, this makes battery 1 state of

charge increase faster than the other 2 batteries.

Battery 2 been supplied with average of 14A to 8A of current. In the graph that
has been plotted, there is not much different between these two batteries. For a battery 3,
current supplied much more lower that is between 2A to 9A. With this result, it shows
battery 3 have a slower charging process cause by current applied are too small. For

charging process, amount of current applied is important to have a fast charging process.
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4.1.1 Charging Profile

After doing the experiment then the determination of state of charge can be
found. As it can see that the table above is the result of the experiment. Because of the
batteries use are the wet low maintenance batteries, thus the table that being used is like
the table in Table 4.18. This kind of charging can determine how far the vehicle can go
and how much time that are needed to recharge the battery back. Assume the standard
temperature of battery charging is 80°F and applying the current 20A. If the battery state
of charge of the battery is just 75%, that means the open circuit voltage of the battery is
12.450V. Therefore, to recharge it back to 90% of state of charge it needs 100 mins (app
1 hr and 40 mins) and to recharge it to 100% state of charge it needs 140 mins (app 2hrs

20 mins).The lower the state of charge will need more time to recharge it back.

4.1.2 Prediction Journey by State-of-Charge

By this calculation also prediction on how far the journey that the vehicle can go
can be done. As an example, if 100% state of charge of battery can go about 100km so if
the vehicle need to go to 45 km of journey, it needs 45% of state of charge. If the
batteries indicate the 75% state of charge, then the vehicle can reach that place but if the
state of charge is only 25%, then the vehicle just can reach 25 km. Thus, it needs another
20% state of charge more. To get another 20 km journe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>