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Abstract

Electric vehicle (EV) is now replacing the conventional fuel driven vehicle as it has strong contribution to face the challenges of
global warming issues. This system has the energy storage device which can be introduced by lithium-ion (li-ion) battery banks. Lith-
ium-ion is mostly popular because of its high capacity and efficiency. Nevertheless, li-ion battery needs protective mechanism to
control overcharged or undercharged of the cell that can reduce the life expectancy and efficiency. Hence, a control model needs to
develop to enhance the protection of battery. Therefore, the key issue of the research is to investigate the performance of Li-ion bat-
tery energy management system (BMS) for electrical vehicle applications by monitoring and balancing the cell voltage level of bat-
tery banks using Simulink software. A bidirectional flyback DC-DC converter is investigated in the BMS model to control the under-
charging or overcharging of cells. An intelligent charge control algorithm is used for this purpose. Backtracking search optimization
algorithm (BSA) is implemented to optimize the parameters for generating regulated PWM signal. Obtained results were observed

within the safety operating range of Li-ion battery (3.73 V — 3.87V).
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1. Introduction

The recent trends of the modern economic development of the
automobile and renewable resources are looking forward to solve
the global environmental issues. Conventional internal combustion
engine (ICE) based vehicles use fossil fuel to drive the vehicle.
During combustion, these vehicles dissipate about 85% of total
energy as heat [1] that causes the emission of toxic carbon monox-
ide, nitrogen oxides, carbon dioxide (CO,) and other greenhouse
gases (GHGs) [2]. Moreover, human practices and behavior are
another significant factor for environmental damages. Different
researches on environmental issues are proposing to control public
practices and behavior to reduce the negative impact on environ-
ment. Besides this, shortage of reserved fuel urges automotive
industry to search for ecofriendly energy source.

Malaysian Government has taken the step to lessen 40% GHG
emission by the year 2020 by introducing electric vehicle (EV)
and hybrid electric vehicle (HEV). As EV is a clean vehicle with a
greater efficiency and pollution free, it can be defined as ‘zero
emission vehicle'. EV operation depends on the energy storage
system from which energy is transferred to the motor to drive the
vehicle [3]. EV system comprises of the renewable sources and
has remarkable properties to yield the wastage energies from re-
generative braking, engine vibration and heat. Moreover, vehicle
to grid (V2G) technology facilitates the EV to boost the stability
of network by supplying surplus energy to the electricity grid
when the power demand reaches the peak.

An electric vehicle is generally comprises of a module charger,
electric motor, controller, regenerative braking system, battery
pack module and BMS. Storage system requires protective equip-
ment to safe the batteries from damages [4]. Thus, the choice of

energy storage, resources and storage management system are
vital for modern EV technologies. Although lead-acid is the wide-
ly used storage system in the world, lithium-ion battery is gaining
more popularity due to its efficient charging and discharging char-
acteristics with improved life cycle.

Previous researches on BMS focused on increasing the life expec-
tancy, safety and efficiency of the battery. As the cell of battery
pack undergo multiple times of charge-discharge cycles, they may
suffer from overcharge or undercharge problems. The under-
charged cell is responsible to reduce the efficiency while over-
charged cells can sabotage the storage. Therefore, charge equaliza-
tion among the cells is vital to increase the battery performance
and safety [5].

The proposed algorithm contributes to the equalization technique
till all the cells getting equalized accordingly. It allows the under-
charged cell to get charged from the battery pack or it supplies
surplus energy from the overcharged cell to the battery bank.
Hence, the developed mechanism can guard the cell from getting
damaged.

This study proposes to develop the BMS with an intelligent charge
control technique to investigate the optimum charging and dis-
charging characteristics of storage system. The rest of the paper is
organized as follows. In section Il, concerning issues of BMS in
vehicle application is discussed. Intelligent charge equalization
technique is described in section Ill. Section IV discusses about
the simulation model and detailed analysis of charging and dis-
charging characteristics of the proposed model. Finally, conclu-
sions are drawn in section V.
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2. Concerning Issues of BMS in Vehicle Appli-
cation

Lithium-ion battery has becoming more popular due to its low
self-discharge rate, longer life cycle and high energy density.
Prime issues of BMS are discussed below.

2.1. Evaluation of Battery State

Safety and reliability of battery can be examined by evaluating the
battery state of charge (SOC) and state of health (SOH). BMS is
unable to reflect the accurate value of SOC due to intermittent
nature of environment. Available charge of the battery can be
computed by Eq. 1 where i and C, denote the current and maxi-
mum charge of battery respectively.
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Battery capacity decreases due to the presence of external loads
and various chemical reactions in cell. Coulomb counting method
is the simplest technique for measuring the battery SOC.

SOH reflects the insight on the current health condition and per-
formance of a battery when compared to a new battery. When
battery capacity reduces to 80% at the beginning of a charging
discharging cycle, it may lead to the battery failure. Researchers
investigated different techniques to classify SOH depending on the
battery characteristics and testing equipment [6].

2.2. Battery Modelling

Developing battery model is challenging due to the complex elec-
trochemical mechanisms in the cell. For instance, characteristics
of LiCOy3Mn,30, and LiMn,O, exhibit gradual increase in volt-
age during charging mode whereas LiFePO, shows the long
straight trend in the similar condition [7]. Internal resistance of the
generic model is assumed to be uninterrupted in both charging and
discharge mode. Thus, it challenges the accuracy of the model.
Moreover, external aspects like discharging current, load and am-
bient temperature have strong influence on battery model. There-
fore, selection of battery model is always the prime concern in
BMS.

2.3. Cell Balancing

Cells in series connections have different voltage rating. During
charging, capacity fade might causes the damage to the cell. While
discharging, weakest cells confronted with over-discharging, thus
fail prior to the rest. Failure rate is more in series connected cells
compare to the individual cell. Therefore, an effective cell balanc-
ing technique can be introduced to stable the SOC levels of each
cell of battery [8].

Expression of charging-discharging characteristics of li-ion battery
can be deduced as equation (2) and (3),
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Where

V¢, = battery voltage in charging mode;
Vaisch = battery voltage in discharging mode;
E, = constant voltage;

i =current;

K = polarization constant (4h™")

R = internal resistance (Q);

Q' = extracted capacity (4h);

Q = maximum capacity (4h);

A = exponential zone voltage (V);

B = exponential zone time constant (4 -L

i* = low frequency current (4);

Fig. 1 depicts the relationship with cell voltage and SOC by where
it shows that cell voltage increases with the charge increases [9].
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Fig. 1: SOC-OCYV characteristics of Lithium-ion battery [9].
SOC of the battery can be computed by Eq. 4 [10],
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Where

SOC, = initial value of SOC;
C = nominal battery capacity;
Teq = equalization time;

n = efficiency;

3. Intelligent Charge Equalization Technique
of BMS

Ideally, common current-common voltage (CC-CV) method is
used for charging and discharging of the battery. However, this
technique faces the challenge of controlling the charging discharg-
ing mechanism. Therefore, intelligent system is required to control
the overcharging and under-discharging phenomena of the battery.
The error generated in CC-CV method can significantly reduce
with the proposed BMS mechanism by using BSA optimization
technique.

BMS equalizes the series-connected battery pack by using the
intel-ligent charge equalization algorithm. Here, cells were monit-
-ored to record voltage level of individual cell. It is done to de-
termine the cell operating conditions. Standard SOC range for Li-
ion battery varies between 3.73 V to 3.87 V. If there is any mis-
match in any cell, equalization algorithm control the bidirectional
cell switch to normalize the mismatched cell. Bidirectional DC-
DC converter composed of forward and reverse converter to
charge and discharge the battery accordingly. Controller con-
trolled the current flow from the battery bank to detected under-
charged cell [11], [12]. Thus, to fulfil the equalization mechanism,
proposed algorithm sensed the individual cell voltage level to find
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the unbalanced cell and thus, permits the converter to exchange
energy between target cell and storage system [13]. The algorithm

4. Simulation Model and Result Analysis

BMS model is designed for testing and analysing the charge
equalization performance of li-ion battery pack. The circuit is
performed in MATLAB software. Block diagram of proposed

START

System Initialization

)

Cell Monitoring and Determine

Undercharged

Unequalized

Cell Voltage

Calculate V,,; and SOC..n

Cell Condition ?
(Viun < Veen < Vimax)

Yes  Protected

Cell Equalised 7
(ASOC ~ SOCayg)

is shown in Fig. 2. In this paper the observation of CC and CV
method with optimization has clearly investigated.
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Fig. 2: Flowchart of intelligent charge equalization algorithm

model is shown in following figure.

Fig. 4 shows the schematic diagram of proposed BMS model.

Here, the converter, access switch, cell switch and storage systems

are connected in such a way that proposed algorithm can control

both the switches depending

on the cell condition whether they are

required to be charged or discharged. Data table of Li-ion battery
is presented in Table 1 below.

Table 1: Data Table
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Particulars Data

Nominal voltage 3.7 Volts

Rated capacity 15.5 Ampere-hour
SOC 20 t0 80 %
Maximum capacity 16.75 Ampere-hour
Fully charge current 4.2 Amp

Nominal value discharge current 2 Amp

Internal resistance 0.0018 Q

Fig. 3: Proposed BMS model

Charging-discharging characteristics of li-ion battery are shown in
Fig. 5 and Fig. 6 respectively. From these Figs, it can be inferred
that cell voltage increases if the charge increases at high rate while
cell voltage decreases with the charge decreases at high rate.
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Fig. 4: Schematic diagram of proposed BMS model in MATLAB simulink
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Here, flyback converter operated as forward converter to perform
the equalization process by charging the undercharged cell. The
characteristic curves of the forward converter is shown in Fig. 7.
Here, the waveforms are for the voltage stresses of the MOSFET
and forward diode, primary and secondary current of transformer
respectively. Value of voltage stresses of MOSFET and diode

were obtained as 55 V and 18 V.

Moreover, performance of the Proposed controller was observed
with 100 iterations in BSA algorithm. Obtained result showed the
best result with the desired minimum value for the objective func-
tion illustrated for the proposed mechanism. Fig. 8 and Fig. 9 de-
picts the output response curve of the objective function with bet-
ter accuracy and minimum error in CC and CV mode.
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Fig. 5: Charging characteristics of lithium-ion battery
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Fig. 6: Discharging waveform of lithium-ion battery

Fig. 7: Forward flyback converter characteristic curves
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Fig. 8: Objective function optimization curve with CC technique

5. Conclusion

The research proposes an optimal BMS mechanism to protect the
Lithium-ion storage devices from overcharging and undercharging
which will enhance the battery performance and lifecycle in EV
applications. The main goal was identified and achieved for the
proposed BMS model. Therefore, a BMS model is developed for
obtaining the efficient charging and discharging of the storage.
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Fig. 9: Objective function optimization curve with CV technique
The objective function was verified with the BSA optimization

technique. Obtained result reveals that, proposed control strategy
can significantly control the charging-discharging of battery stor-

age system and thus save the energy and prolonged the battery life.

So, the outcomes can be treated as the excellent performance for
the proposed BMS model for the application in modern EV sys-
tems.
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