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ABSTRACT

In today’s world rate of consumption of consuming electric energy is increasing. With increasing amount of
consumption more generation sources are required which are not economically possible so we need BESS
(battery energy storage system) and proper battery management system. The safety, operation, and the life of
the passenger depend on the battery system and hence battery monitoring is vital for most electric vehicles
(EVs). The battery management system (BMS) is an important component of electric and hybrid-electric
vehicles. The purpose of the BMS is to keep the battery operation safe and reliable. The design of the battery
management system plays an important role on battery life preservation, performance and improvement of
electric vehicles. The purpose of this paper is to analyze the future of batteries, the Lithium-lon cell, and to
study a BMS to better understand its capabilities and possible cases for errors. Also various new techniques
have been reviewed for implementing BMS as well estimation of various battery parameters lithium ion
batteries are intolerant of overcharge and over-discharge. Through reviewing the latest methodologies for the
state evaluation of batteries, the future challenges for battery management systems are presented.
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I. INTRODUCTION

Driving range of EVs are determined by battery performance with Li-lon battery as its preferred battery option
due to its good power ratings, energy densities, high charge /discharge efficiency Series connected Li-lon cells
are generally used whose chemistry is sensitive to overcharge and deep discharge that causes damage, lifetime
shortening and explosions that are dangerous for the users thus a proper battery management system(BMS)
should be employed to estimate status in order to predict actual amount of charge stored and remaining useful
life. The smart grid and EVs are two examples of growing technologies that would greatly benefit from the
development of advanced infrastructure and components.

In [1] the analysis and simulation of Li-ion battery charging process for a solar power battery management
system is done by using non inverting Buck-Boost DC/DC power converter. Rapid changes in atmospheric
conditions causes fluctuations in voltage and these sudden changes will make the system to switch between
buck, boost and buck-boost modes. The terminal voltage of solar cell panel is kept higher than required load
voltage. Controlling and monitoring of stored solar power drawn from solar cell is done using MATLAB based
Simulink piecewise linear electric simulation tool. One of the most important functions of BMS is to balance the

unbalanced cells which decrease the battery life. Various cell balancing topologies have been developed and
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reviewed. In [2] a strategy to improve system performance using single switched capacitor (SSC) cell balancing
technique is proposed. The fundamental function of BMS usually is to monitor the battery status, to protect the
battery from over-current, to determine state of charge (SOC), to balance unbalanced battery cells and it should

be able to protect battery over-charge/over-discharge.

Il. LITHIUM-ION BATTERY

The energy density per unit weight of Lithium metal is very high. Using lithium as the anode, high voltage is
obtained, excellent capacity and a high-energy density. The lithium-ion battery requires almost no maintenance
during its lifecycle, which is an advantage that other batteries do not have. The disadvantages of lithium-ion
batteries are that lithium ions are brittle. For safe area of operation of these batteries a proper BMS will be
implemented to limit the peak voltage of each cell during charging and to prevent the cell voltage from dropping
below a threshold during discharging. The self-discharge rate of lithium-ion battery is half of lead-acid and Ni-
MH batteries.
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Figure 2: Lithium-ion cell operation window (Current)
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HIL.LITHIUM BATTERY CHALLENGES:

The operating temperature and voltage are the most important parameters that determine the performance of
lithium-ion cells. Figure 1 and 2 shows that the cell operating voltage, current and temperature must be
maintained within the area indicated by the green box labeled “Safety Operation Area” (SOA) at all times.

The cell could be permanently damaged if it is operated outside the safety zone. The batteries could be charged
above its rated voltage or be discharged under the recommended voltage. If the recommended upper limit of 4.2
V was exceeded during charging, excessive current would flow and result in lithium plating and overheating.
On the other hand, overly discharging the cells or storing the cells for extended periods of time would cause the
cell voltage to fall below its lower limit, typically 2.5 V. This could progressively break down the electrode.
The operating temperature of lithium-ion cells should be carefully controlled because excessively high or low
temperatures could damage the cell. Temperature-related damages could be grouped into three types: low-
temperature operational impact, high temperature operational impact and thermal runaway. While the effects of
voltage and temperature on cell failures are immediately apparent, their effects on the lifecycle of the cells are
not as obvious. However, the cumulative effects of these degradation may affect the lifetime of the cells. It is
clear from the discussion above that the goal of the BMS is to keep the cells operating within their safety zone;

this could be achieved using safety devices such as protection circuits and thermal management systems.

IV. LITERATURE REVIEW

The main task of BMS is to balance each cell unit as cell unbalancing degrades electric vehicles performance.
The BMS perform several tasks such as measuring the system voltage, current, temperature, SOC, state of
health(SOH), Remaining Useful Life(RUL), thermal management, controlling the charge/discharge operation,
data acquisition, communication with ON/OFF module, storing, monitoring and analyzing historical data and
most important function of BMS is cell balancing [5]. To meet the requirements of traction converter, series
connected battery packs are used in BEVs. But the unbalanced cells connected in series causes damage in
service lifetime. In order to minimize these effect caused by cell unbalancing a second DC-DC converter is
used and is controlled by BMS. A third converter also employed to recharge cell from a.c. utility grid. The
entire three converters can be replaced by using Modular multilevel converters (MMC) without supplying
voltage on DC bus-bar [3]. In [6] a model of energy regenerative braking control of electric vehicles using
sliding mode robust controller is designed. The unbalance between energy required and energy produced from
generation sources causes wastage of power. In today’s world rate of consumption of consuming electric energy
is increasing. With increasing amount of generation sources are required which are not economically possible
so we require BESS (battery energy storage system) and proper battery management system. Detailed modeling
is extremely useful for predicting accurate SOC and SOH. Unfortunately state of charge can’t be accurately
estimated by tracking the flow of charge (coulomb counting) because of inaccuracies of current meter: slow,
variable losses inside the battery and side reactions occurring in the system. Estimations of SOC based on the
current must account for all the physical realities of the battery and its measurement system like cell self-
discharge and series string charge among others. Most commonly open circuit terminal voltage is used as an

indicator of SOC [7]. In [8] a voltage recovery method is used in which a load is applied to the battery and
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Voltage depression under load and temporal recovery of the battery voltage after removal of the load are

monitored and used to estimate State of Health (SOH). The authors in [9] have researched and eliminated
limitation of stand-alone coulomb counting by it using it with open circuit voltage method which is further
corrected by kalmann filter. The battery depreciation process needs to be reduced by conditioning the battery in
a suitable manner by controlling its charge/discharge profile, even under various load conditions Due to adverse
thermal conditions, frequent charging cycle and deep discharging causes battery life shortening. An assessment
of partitioning schemes for real time execution on multicore targets to ensure efficient use of hardware
resources had been done. As the battery pack size increases, the computational demand of the solver for the
simulation of system increases. Real time execution on multicore targets appears to be suitable for battery pack
simulation because of repetitive nature of battery pack suggest a relatively straightforward way to even partition
the system. In Simulink, the user configures a model for on-target concurrent by assigning separate tasks to
different parts of the model at the top level. An integral multiple of top level model step size has been assigned
as sampling time for each task. The author discussed about the BMS and modeled it for smart-grid application
[10]. In [11] the authors designed an EV model to generate current profile from the velocity profile of various
driving cycles. An automated multistage parameter identification technique applied at different aging states of
Li-ion battery enabling the determination of changes in cell parameters. In [12] a new BMS is proposed which

provides a fault tolerant capability and battery protection. In figure 3 an overview of BMS is shown.
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Figure 3: Battery system overview
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Battery Managem:ent System for Smart Grid is in high demand as consumption of energy is increasing

exponentially while non-conventional sources are not good option due to carbon emissions. While renewable
sources like sun energy and wind energy are abundant but lacks a proper storage system. For stable transfer of
energy from grid to battery or vice versa a proper BMS enabled monitoring is required. Data from individually
monitored battery cell unit is analyzed and various parameters like SOC, SOH, and V are measured. The
isolated battery is bypassed to maintained uninterrupted supply [43]. Pareto optimal curve for various cases have
been simulated and analyzed to get an optimal solution for cost minimization [44].

Battery model should account for thermal effects because of paramount importance of temperature in kinetic
and transport phenomenon of electrochemical systems. A multi-temp Li-ion cell simulation with thermal
dependence is developed. A parameter estimation numerical scheme using pulse current discharge test on high
power lithium cell under different operation reveals relation between equivalent circuit elements and SOC,
current, temperature [46].

A simulation error minimization method is used in model whose parameter is optimized by hybrid optimization
method combining with least square approach. A joint Extended Kalmann Filter (EKF) [28] is applied on
thermoelectric model to estimates model parameters and model states simultaneously [47]. Cell inconsistency
problem arises in parallel connection of Li-ion cell is investigated and physical model is developed [47]. In [48]
various mathematical techniques that are generally used in modeling of BMS have been studied. A monitoring
system for battery power electric vehicle was implemented and tested. The system allows temperature and
voltage monitoring of each of 24 batteries which allows detecting early problems or failures in individual
batteries using ‘one wire’ which allows transmitting data from all batteries through serial bus [49]. A flexible
method is introduced for constructing battery pack model suitable for partitioning and multicore execution on
real time targets. The eight cell model ran in real time vs. with a performance that qualitatively agreed with the

desktop profiling prediction when tested under different portioning conditions [50].

IV. CONCLUSION

It has been concluded that various new methods for evaluating battery parameters has been developing by
researchers and new technologies like BMS for safe operation of batteries are very essential for a clean
transportation and stable grid operation as well as safety of passenger’s life. A smart BMS is important for the
smart grid and for the growth of the EVs industry. The development of new battery technology that provides
higher energy and power density and reduces cost cannot be fully obtained without proper BMS circuits and
algorithms to control and monitor the real time data of battery for the safety and reliability of the energy storage

devices.
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