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Abstract. Among various energy sources for an electric vehicle, battery occupies its
prominent place for its high energy density and high power density. Among various
battery chemistries, a Li-ion battery has become the strong contender in electric vehicle
industry. The battery cells are either connected in series or parallel for a battery pack to
achieve higher voltage and current for electric vehicle application.The battery
management system act as a brain of the battery operated electric vehicle. The modeling
of the battery pack system is the necessary phenomena for any proposed battery
management system. The series connected cells in the battery pack should maintain the
same potential of individual cell at ideal, charging and discharging conditions. If the
potential of the series connected cells are mismatched then the charging and discharging
of the battery pack is affected. This invokes the problem of cell unbalancing due to both
extrinsic and intrinsic parameters. The problem could be overcome by using cell to cell
balancing, cell — module balancing with the board classification of active and passive
balancing. By implementing the proper cell balancing methodology the equalization time
of the battery pack is lowered and the aging of the battery pack is improved. The survey
explains the battery parameters, role of battery management system and various methods
of cell balancing for an electric vehicle application.
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1 Introduction

In recent days, the fuel cost and environmental impact flicker the interest to the electric
vehicles in the transportation sector. The electric vehicle travels for nearly few years ago.In
18™ century, the electric vehicle plays a major contribution to the road vehicle. During this
Edison period, the DC revolves the world. But, later due to invention of low cost and high
resources fuel, the internal combustion (IC) engine revolves the transportation industry. The
low cost and high availability of resources paves the way for internal combustion engine in the
19™ century. To attain the sustainable energy, in 20" century, the world slowly shows the
interest towards the electric vehicle. The main drawback of the 19 century is, thelC Engine
vehicles are increase in the cost of fuel and environmental impact such as air pollution.Thus,
the air pollution is reduced to three times compare to the conventional energy resources. The
operational efficiency is increased above 80 % for battery operated electric vehicle and
thereby the cost of the energy spent is also lower. The energy efficiency is also increased to
higher rate from 60 — 80 % compared to the conventional IC combustion engine with 20 % [1-
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2] .To promote the Electric vehicle to the user the Government of India also initiates a few
schemes like NEMMP, FAME I, FAME II with incentives to the customer. The National
Electric Mobility Mission Plan (NEMMP) -2020 was introduced on 2013 to provide fuel
protection by developing the electric, plug-in-hybrid and hybrid vehicles in India. FAME
refers to Faster Adoption and Manufacturing of Electric Vehicles. The phase I of FAME was
launched under NEMMP in 2011 to reduce the CO, emission of the country and promotes
timely incentives to industry and purchase of electric vehicles.The phase II of FAME was
initiated in 2019 for three years to promote large number of policies and schemes with
incentives for the user and the industry. According to the survey, the total no. of vehicles sold
was about 83558 and the TamilNadu sold about 12855 dated on 12-07-2021 9.00 a.m. [3-
4].There are different type’s energy storage components in the power system distribution side
as renewable energy source. As batteries power the modern lives of consumers, it is playing a
major role in electric vehicle application. Based on the performance parameters of battery such
as high energy density and high power density, it becomes the master of all energy storage
devices especially for electric vehicle application. The high specific energy source of battery is
used for long range driving application and the power density is used for acceleration of the
electric vehicle. To manage the battery parameters of Lithium-ion battery it is necessary to
understand the working of a battery, way of charging and state-of-charge (SOC). The figure
1.1 shows the Li-ion pouch cells with arrangement as battery pack is used for electric vehicle
application.
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Figure. No. 1.1Lithium-ion battery
Section 2 explains the characteristics and working of a battery. Section 3 shows the types
of battery modeling with its charging characteristics. Section 4 analyzes the role of battery
management system for EV application. Section 5 implies the role and basic functions of
battery management systems and section 6 reviews the causes and types of cell balancing in
BMS. Section 7 clearly shows the software to simulate and other performance parameters of
the battery management system. Section 8 spots the research areas for the electric vehicle
application and the role of smart in electric vehicle application. Section 9 shows the
conclusion of the review paper presented.

Types of Electric Vehicle
There are different types of electric vehicle are hybrid electric vehicle, plug-in hybrid
electric vehicle, Fuel cell Electric Vehicle and battery operated electric vehicle. The driving
range of the vehicle varies according to the type. The Table 1.1 describes the types of vehicle
used for road transportation.
Table. No. 1.1 Types of Vehicles for Transportation
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Based on the above tabulation it is inferred that the battery operated electric vehicle
shows the better driving range, medium cost, less impact on environment, higher efficiency
with less size and weight [5]. The main drawback of the battery operated electric vehicle is the
charging time of the battery. Thus, the primary and secondary goal of any electric vehicle is
safety and cost is tabulated in table 1.2.The different types of energy storage based electric
vehicle are as follows.It includes Battery, Fuel Cell, Capacitor based storage and MEMS
based storage.From these types, the battery occupies its position because of its high energy

and high power density.
Table. No. 1.2 Energy Storage Devices
Parameters Fuel Cell Battery Ultra .
Capacitors
Safety Unsafe Safe Unsafe
Fuel Charge Low time to High time to High time to

charge

charge

charge




Lifetime Medium life Medium Life Low
. Less High Less
Environme- . . .
environmental environmental environmental
ntal Impact . . .
1mpact 1impact 1mpact
Energy . .
Density Very High Very High Low
Power Density Medium Very High Very High
Cost High Medium High
Size and . . .
Weight High Medium High

From the table 1.2, the battery operated electric vehicle shows the high safety, low impact
to environment, low cost and safety to both the system and the user. The specific energy
density and power density of the battery is higher compared to other energy storage devices
and also paves the way to shift to battery operated electric vehicle [6].

Section 2

Battery

This section explains the basic characteristics and the working of the battery.

Characteristics of Battery

In general, charging is the process which forms due to friction, induction and conduction.
In battery operated electric vehicle, the process of charging involves conduction. The
electrochemical process is happening across negative and positive electrode of battery and it is
separated by a separator[7-8]. The current collector is located across the end of the both
electrodes. The main parts of the battery cell are shown in the figure 2.1.

Positive
Electrode

Negative
Electrode

Current Collector
Current Collector

Figure No. 2.1. Lithium-ion Battery Characteristics

The operational characteristics of a battery are designed by the following components
such as

1) Positive Electrode

2) Negative Electrode

3) Electrolyte

4) Separator and

5) Current Collector

The electrode act as a conductive medium for transfer of ions from internal to external
circuit. The electrolyte will act as a solvent medium between anode and cathode containing
acid, base or salt responsible for ionic conductivity. It also helps in internal ion charge transfer
between the electrodes.
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Figure No. 2.2.Types of Battery Cell

To avoid self discharge in a battery, the electrolyte acts as electronic insulator between the
electrodes. To prevent the battery from overheating, short circuit, ion transportation and self
dis-charge, a separator is used and this is usually made up of polymer and fiber materials with
good mechanical properties and chemical stability. The current collector is used to convert the
output of the electrodes to external circuit. Thus, an electrochemical cell is smallest unit
consist of anode and cathode separated by a separator to deliver an output voltage and current
for different application. Based on the construction of battery cells, it is classified as
cylindrical and pouch cells. Based on the storage capacity, it is classified as primary cell and
secondary cell as shown in the figure 2.2. The primary cell is a battery which cannot be
recharged after the use and it can be used only once. The primary reason for this
electrochemical reaction is the formation of oxidized layer in the cell. The secondary ells are
generally rechargeable and used large number of times based on the performance.

The operating cell voltage of a single cell lead acid and single cell lithium ion is around
12 V and 3.3 to 3.6 V. Thus, the rating of the single is limited due to electrochemical nature
and to provide safety and reliable operation of the battery pack. Since damage in one cell
could affect the entire system and also have greater impact in economy of the battery operated
electric vehicle. When two or more cell connected in series the voltage rating of the battery is
added. Similarly, when two or more cell connected in parallel the current rating of the battery
is added. Thus a electrochemical cell stores energy that can be released to do electrical output
work and batteries are connected in series and parallel according to the user application. The
series and parallel combination battery cell si shown in the figure 2.3 and figure 2.4.
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Figure No. 2.3.Series Connected Battery Cell
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Figure No. 2.4.Parallel Connected Battery Cell

The most important function of a battery is
1) Charging
2) Discharging

These both charging and discharging happens during the process of reduction and
oxidation. The general oxidation and reduction reactions for a Lithium-ion Battery would be
as given in equations 3.1 and 3.2

X*oxidation X +e....(2.1)

M?* + ereduction M.....(2.2)

In general, the oxidation reaction takes place at the anode and reduction reaction at the
cathode respectively.

Charging Cycle:

The principle of charging a battery during the charging cycle is shown in the figure 2.5.

Negative * Reduction
Electrode ¢ Anode

Positive ¢ Oxidation
Electrode ¢ Cathode

Figure No. 2.5.Charging Cycle of Battery
From this figure, it clear that negative electrode performs reduction and the positive
electrode performs oxidation for charging process.
Discharging cycle:



The principle of dis-charging a battery during the dis-charging cycle is shown in the
figure 2.6.

Oxidation
Anode

Reduction
Cathode

Positive

Electrode

Figure No. 2.6. Discharging Cycle of Battery

From the above two figures, it is clear that negative electrode undergoes oxidation and the
positive electrode undergoes reduction for discharging process.
The advantages of battery operated electric vehicle are
1. Cost
2. Size
3. Maintenance
4. Large Capacity
5.  Compact Volume
6. High Starting Torque
7. Low Noise
8. Safety
The main drawback of the battery is
1. Complex control algorithm
2. Protection
3. Longer Charging Time
4. Peak power Demand on the grid system
The different types of battery chemistry include Lead acid, Li-ion etc for any electric
vehicle application.The table 2.1 shows the recent battery chemistries employed in industries
for electric vehicle application. The NMC based Li-ion chemistry cells are widely used for
electric vehicle application because of its better performance characteristics such as specific
energy, energy efficiency, cycle life, temperature range, cost and safety compared to the other
battery chemistries in industries.The commonly used Lithium-ion chemistry is shown in the
table 2.1 [14].
Table. No. 2.1 Battery Chemistry and its Properties
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Section 3

Modeling of Battery

To build a battery pack for any application, it is necessary to model a battery or a single
cell. Battery Modeling is the fundamental way to represent the battery. There are different
methods and approaches to design a battery model in real time. The methods are classified
based on the following parameters such as the difference in the perspective of modeling, level
of modeling, approaches of modeling and the time scale of the model. The board classification
of battery modeling includes as shown in the figure 3.1.

Battery
Modelling

Equivalent Electrochemical | Mathematical
Circuit Modeling Modeling Modeling

Figure No.3.1. Types of Battery Modeling

The equivalent circuit of the battery is represented using a resistor in series with the
parallel combination of Resistor and capacitor. The simple equivalent circuit of a battery is
shown in the figure 3.2. The internal resistance refers to the separator responsible for Li-ion
movement between the cathode and the anode [9-10]. The RC refers to the time constant with
the voltage relaxation parameter of the battery.
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Figure No. 3.2. Equivalent Battery Circuit




The prominent battery chemistries are lead-acid, Ni-Cd, Ni-Zn, Zn-air, Ni-MH, Na-s,
Lithium polymer and Lithium ion batteries. The each battery chemistry has its own advantages
and disadvantages. For the analysis of the battery management it is necessary to create the
battery pack system. There are different data sets available for the various methods. The data
set refers to the various types of voltage, current, capacity, energy, temperature etc for
different ideal, charging , discharging cycles. The methods include Equivalent circuit model,
electrochemical model and neural networks. Each individual method has its own pros and
cons. The electrochemical model is the method based on the chemistry of the cells. The data
set for the method is difficult to interpret. It also mainly based the chemistry of the cell and it
cannot to applicable to any type of cells. The equivalent circuit model is designed based on the
available data set. The look up table framed is OCV-SOC look up table. From the graph, it
shows that SOC from 25 % to 80 % is about the flatten curve with respect to the OCV where
the accuracy will be low. The mathematical modeling of these cells is complicated and large
no. of unknown parameters is taken into the consideration. The later comes the machine
learning methods employing the neural network where the data set is the challenging data.
This method is also applicable to any type of cells and determine the any performance
parameters such SOC, SOH and SOL etc. Based on the above methods, the battery system is
designed. Based on the designed battery system, the battery management system plays a vital
role [11-13].

Types of Charging Process

In India, the charging scheme employed is AC level 1 and charge demo charging scheme
named after the inventor for charging a electric vehicle. Charging of a typical electrical
vehicle is broadly classified into AC charging, DC charging and Wireless charging [15-16].
The different types of charging schemes are shown in the figure 3.3.

DC Charging

Charging .
] |:> AC Charein
Schemes o

Wireless Charging

Figure No. 3.3 Different Charging Schemes

AC Charging

This type of charging is followed in India, since the alternating supply dominating the
direct current.But, whereas depending on the AC supply shows the demand of supply in future
[17]. The grid may get overloaded because of demand. In order to avoid such problem the
smart grid comes into the existence with V1G and V2G network for better charging of electric
vehicle. This kind of schemes is practiced by developed countries like UN,Germany etc.The
level of AC charging is shown in the table 3.1.

The various charging techniques available for a battery are shown in the figure 3.4. The
types of charging are listed below.

* Constant Current



* Constant Voltage

* Constant Current Constant Voltage (Series)
* Constant Current Constant Voltage (Parallel)
* Constant Current Constant Voltage (Vary)

Constant
Voltage Mode

rrrrr

Constant Voltage

Mode (CCCVM
- Vary)

Figure No. 3.4. Types of Charging
Among several charging topology, the main charging scheme employed is constant
current constant voltage mode (vary). In industry and real-time, this scheme is employed as
charge demo scheme.

Table. No. 3.1 AC Charging System

Voltage (V) Current | Power | Remarks Charging
A) (kW) Time
120 12-16 Low It uses On-board 1-13 hours
Level 1
Charger
Level 2 240 60 High Directly .connected 1-6 hours
to the grid
Ver Wired permanently
Level 3 600 150 Hi i to the EV charging | 30 minutes
& system

DC Charging:

The Dc charging is the fastest charging scheme employed in many countries recently [18].
The level of DC charging is listed in the table 3.2.

Table. No. 3.2 DCCharging System

Voltage (V) Current(A) Power Remarks
Min Max Min Max
Level 1 200 450 10 80 Medium Fast
Level 2 200 450 50 200 High Faster
Level 3 200 600 100 400 Very High Fastest
Wireless Charging:

The battery is charged without the wires. The losses in the system are greatly prevented
and safety is also secured. But, the main drawback is the interference with other signals.




Inductive Charging System

The other methods in inductive charging system includeresonant inductive charging
system and online- inductive charging system [19-20].

Capacitive Charging System

In capacitive method, the capacitor is used to store electrical energy in the capacitor
through the transfer medium and helps in the charging of the battery cells connected in series.

Thus both capacitive and inductive based charging reduces the energy losses and
increases the efficiency of the system. But, this topology does not provide a better economical
response.

Permanent Magnet Charge Coupled System

It is similar to the inductive based charging with permanent magnet.

Section 4

Battery Management System - BMS

BMS refers to the battery management system. The role of BMS various according to the
application of the user. The zero emissions and regenerative charging properties of the battery
operated electric vehicle place an impact in global society.To improve and enhance the sales
of the battery operated electric vehicle in the industry, the BMS act as the basic key to obtain
the data, process the data and provide the corrective action for the required function. The
primary role of battery is to drive the motor connected to the wheel. Thus, the chemical energy
is converted to electric energy and transferred through kinetic energy and finally to convert
into mechanical energy [21-23]. The auxiliary role of the battery in electric vehicle is to power
the AC conditioner, cooling fan, charger point, Window opening and closing etc.Based on the
Electric vehicle application, the main purpose of BMS for

1. Protection of Battery
Observing the Operating Voltage and Current
Thermal Management of battery pack
Cell Balancing of battery pack
Analysis of Performance parameters such as SOC, DOD, SOH , SOS, SOP

6. Analysis of fault condition

Thus, the battery operated electric vehicle with BMS act as a closed loop system. The
performance parameters such as SoC (State-of-Charge), DoD (Depth-of-Discharge),
SoH(State-of-Health) are determined by sensing voltage,current and temperature as the input
arguments. There are different types of algorithms used for the above performance parameters.
The determination of performance parameters are obtained based on the different approaches
[24-28]. Based on the requirement the charging and discharging cycle of a battery is operated
with high rate of accuracy.In case of any fault conditions, the BMS is capable of taking the
precautionary action and primitive action. The fault condition may include short circuit faults,
sudden rise in motor current, improper heat management, improper cell balancing etc. The
performance parameters include SoS(State-of-Safety) Based on the controller output, the
communication channel transfers the operation required to happen [29-33].Thus, the data
acquisition system collects the data and protects the battery from any hazardous condition.
The block diagram of the battery management system is shown in the figure 4.1.
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Figure No. 4.1.Block Diagram of Battery Management System
Thus, the BMS acts as predictive, processing and protective system for required
application in the electric vehicle is shown in the figure 4.2.

Prediction " ® Processing | %  Protection

Controller }

Figure No.4.2.Basic working of Battery Management System

Section 5

Cell Balancing

There are different issues that are taken into account for Electric vehicle application.
According to the literature review, the most prominent issue encountered in the battery
operated electric vehicle is cell balancing. The improper cell balancing in the battery pack also
induces the thermal issues in the battery [34-37]. For a typical passive balancing the
temperature rise may increase from 1-2 degree Celsius.The figure 5.1 shows the proper and
improper balancing model for cell balancing in the battery pack.

Figure No. 5.1. Proper and Improper Cell Balancing



Causes of Battery Imbalance:
The main causes of the battery imbalance are listed in the figure 5.2 [38-39]. The intrinsic
and extrinsic parameters are the major causes of cell unbalancing during ideal, charging and

 CE—
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Intrinsic Parameters —
 CE——
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N Manufacturing defect
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discharging modes.
Figure No. 5.2. Causes of Cell Balancing
Classification Cell Balancing Types:

IINESERENN

pannn 9

G Y S SR

INERERENN

Ul ==l

The three different conditions that is required for the analysis is ideal, charging and
discharging mode. The charging of batteries varies with the topology connected and type of
usage. In simple words, the cell imbalance varies with the topology and mode of usage. The
balancing is broadly classified into Passive and active based the method of balancing. In
addition to this, the cell balancing is also classified based the topology of the battery pack
connection for various charging modes.

The different battery equalization controller topology used is shown in the figure 5.3[40].
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Figure No. 5.3.Battery Equalization Converter Topology

Based the structure,

The cell balancing techniques based on the configuration is listed in the table 5.1. The
classification describes the equalization time, size, cost and efficiency of the topologies for the
cell imbalance technique [41-43].

Table. No. 5.1 Cell Balancing Topologies

S. No. Topology Advantages Disadvantages
Cell-By-pass Higher Efﬁmency, Higher Sp ce d, Lower Higher Current Stress across
1 Control Complexity, Smaller Size, Lower ; L
Switch Voltage Stress switches, Low Power Applications
Higher Efficiency, Lower Complexity, | Higher Voltage Stress across
2 Cell- to —Cell Lower Balancing Time, High Power | switches, Larger Size, More
Application Expensive, Higher Current Stress
High  Power  Applications, = Lower | Higher = Switching Voltage /
3 Cell-to-Pack Complexity, Faster Equalization, Lower | Current Stress, Difficult
Cost Modularity
. . Higher  Switchin, Voltage /
4 Pack-to-Cell Less .Cor.np lexity, Easy Modularity, Fast Cu%‘rent Stress, gLarger gSize,
Equalization Speed .
LowerEfficiency
5 Cell-to-Pack- Very High Power Applications , Lower | High Switching Voltage / Current
to-cell Complexity, Faster Equalization Stress, Difficult Modularity

Based on the Working of Equalizer Circuit,




Methods of Cell Balancing:

The basic solutions of cell balancing methods are achieved by equalizing the voltage and
state of charge between the cells connected in battery pack [44-47]. Cell balancing based on
the working of the balancing circuit , it is typically categorized in two types:

1. Activecell balancing

2. Passive cell balancing
The detailed description of the cell balancing techniques is shown in the figure 5.4 [48-
51]. Thecell balancing is broadly classified into passive and active balancing. In passive
balancing, shunting resistor and bypass resistor is used to balance the imbalanced cells. In
active balancing, energy transfer occurs using R, L, C and converter methods. The hybrid
combination is also allowed used to balance the cells between passive elements and active
converter.

‘ Shunting Resistor ‘
Passive Balancing ‘ ‘ L
‘ By-pass Resistor ‘

Cell Balancing Modes: -
Ideal Mode,
Charging Mode, ‘
Dis-charging Mode

i Capacitor (C) Based )
Balancing

" Inductor (T) Based )

i N Balancing |

Active Balancing ‘ ‘ e

“ Converter (CON) )
Balancing

(€N, (HCoN) ||
Figure No. 5.4. Cell Balancer Techniques with Different Modes

Passive Balancing:

The passive balancing technique is used to determine the lowest voltage and make other
cells to discharge and balance at the same point [52-54]. The pictorial representation of
passive balancing circuit is shown in figure 5.5.The common methods of cell balancing are as
follows.

1. Fixed Resistor

2. Switched Resistor/ Bypass Resistor

HEAT UNUSABLE
DISSIPATION e

Charging Discharging
Figure No. 5.5. Passive Balancing Circuit
The algorithm used in the system for the passive balancing is explained using the
flowchart as shown in the figure 5.6.
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Figure No. 5.6.Algorithm for SOC and Voltage based passive cell balancing
algorithm
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Figure No. 5.6.Algorithm for SOC and Voltage based passive cell balancing
algorithm
The detailed explanation of the Passive Cell Balancing is tabulated in the table 5.2. The
figure A to K shows the circuit diagram of various cell balancing method[52-55].

Cell Advant
Balancing Circuit Diagram Condition Dis-advantages
Types ages
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application. The BR
1 to BR N the
balancing resistors
is placed with a
switch across the
each cell. It is the
good method of cell
balancing for
charging. The
voltage of each cell
in the battery pack is
observed and
obtainsthe lowest
cell voltage. Then,
forge the remaining
cells to the lowest
cell range by
connecting by-pass
resistors. The switch
is turned ON and
OFF using the
control algorithm.

cost, design
of the
bypass
resistor is
simple and
the
complexity
of the
system
design is
lower. The
switches
used may be
of MOSFET
or any other
devices that
are available
easy in the
market.

the lowest
voltage during
discharging will
lower to low
value and cannot
provide further
discharging
through the
resistor.
Discharging
current has to be
taken into the
consideration.Ine
fficient due to
Heat loss is a
predominant
problem as the
resistor is used
as a bypass
element and
switching loss
using MOSFET




This method is
mainly applicable
for charging
systems.

switch.The
complete
discharge current
through resistor
flows via the
MOSFET switch
that is connected
with Controller
IC. Thus, the
discharging
current should be
limited in the
safer limit. This
will increase the
discharging time.
Therefore, these
systems have
lower Charge-
Discharge Rate.

Analog
Shunting

Figure No.: C Analog
Switching using
Transistor switch

No.: D

Analog
Switching using OP-AMP

Figure

The CELL 1 to
CELL N is
connected in series
to form a battery
pack. The transistors
Q1 to QN are
connected as switch
in the system. The
transistor act as a
switch to transfer
the energy between

the battery pack.
. Thus, the difference

in energy between
the cells is observed
and the balancing
occurs. The analog
components such as
OP-AMP and
transistors are used
as key element to
balance the
difference in cell
voltage. The
OPAMP can operate
as a comparator,
voltage follower and
converters. The
voltage reference is

The system
is  simple,
economic,
low power
dissipation
and low heat
loss. The
energy is
saved
because the
switching
occurs  for
the
prescribed
cells.

The circuit is
complex to
implement and
the failure of
analog
components is
difficult to
troubleshoot.
The system is
efficient, but
difficult to
control. The
accuracy of the
analog circuit is
not accurate and
precise for this
application
because of the
lower range
application.




set in the OP-AMP
based circuits (shunt
voltage regulator)
and the reference
voltage is received
at the output[56].

(1]

Active Balancing:

The active cell balancing is used to transfer the energy between the cells via inductor and
capacitor [56-60]. The converters are used to provide the proper pulse width.The active
balancing circuit shown in the figure 5.7.

DISCHARGING
Figure No. 5.7.Active Balancing Circuit
The active balancing algorithm is shown in the figure 5.8.
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Figure No. 5.8. Algorithm for Active balancing in the Battery management system

The types of passive balancing are

Fixed Capacitor Balancing

Charge Shuttling Capacitor

Single Switched Capacitor

Double tired switched capacitor bank
Modular switched capacitor bank

Single Inductor Balancing

Coupled Inductor Balanced

Single winding transformer based balancing
9. Multiple winding transformer balancing

10. Multi winding transformer based balancing
11. Modularized Multi winding transformerbased balancing
12. Boost Converter based balancing

NN B WD =




13.
14.
15.
16.
17.
18.
19.
20.
21.

Active Cell Balancing

The detailed explanation of the Active Cell Balancing is tabulated in the table 5.3. The

Buck-Boost converter based balancing
CUK Converterbased balancing

Ramp Converterbased balancing

Full Bridge converterbased balancing
Quasi resonant converterbased balancing
Unidirectional fly-back converterbased balancing
bidirectional fly-back converterbased balancing

Complete Shunting or Full deviation topologybased balancing
Push pull converterbased balancing

figure E to N shows the circuit diagram of various active cell balancing methods.
Table. No. 5.3 Active Cell Balancing Methods

Cell .
Balancing | Circuit Diagram Working Advantages Dis-
advantages
Type
Energy |—>»“L| . The  higher charge | The  energy | The problem
Storage o1 Lo holding cell is sharing | transfer is | of
Element e the charge with the low | possible using | interference
(Inductor, p2A charge holding cell | inductor and | occurs due to
Capacitor) E:] T present in the battery | capacitor. The | the usage of
T =* 028 pack [61]. The | cost is | inductor and
H ona capacitors C1 to CN are | minimized by | capacitor.
_-N connected across each | using the
™" i }_| cell. The diodes D1 and | passive
Figure No.: E Fixed Capacitor Dl_A are used as a | clements.
Balancing switch fgr fqrward and
reverse direction.
Charge This is the most The system is | It is
Shuttles common method used in | highly efficiently
Firing T CELLT active cell balancing. efficient since | applicable
Capacitor 1 The highest voltage cell | there is no | only for
transfers its energy to power loss in | adjacent cells
_ SWN the lowest energy cell of | the circuit. | where the
L s ‘°/i:®__l_ the battery pack by The single | system
_+~>—1_| proposing the algorithm | capacitor is | employs
S °~ | in the system. The employed to | lesser
! capacitor CN charges balance a | switches and
itself through the switch | battery pack | capacitors.
T °&n SWN from the highest of battery | It is costlier
voltage cell until the cells.  Thus, | when no.of

Figure No.: F Charge
Balancing

Shuttle

prescribed limit based
on the algorithm [62].
Then, the switch is
disconnected and

the cost of the
system is low
and low
electromagneti

switches and
capacitors are
increased.

The size and




connected to the lowest
voltage cell if required
according to the
algorithm. Thus, the

¢ interference
to the system.

weight of
active

balancing is
also big and

charges get shuttled heavier.
between the capacitor
and the cells.
Single The single switched The two tier The size
Switched - v ancing | capacitors becomes
Capacitor i_/°_ 1 igher employed can | more and
and T CELt - —/—'—/ﬂ lower | be used for then there is
Double- - » T nsfer any type of a complexity
tried BN i j:fﬁ from cells and in system
Switched 00 [ © T 7 lower battery bank. design. The
Capacitor |/ » 1 a easy Thfa no. of cost of design
= a2 o & , 'he switches and and accurate
, /0| a Lo sed to capacitors switching
_/d when used is less in | makes the
! ] ce single system
00 [63]. switched complex. The
L e Fj 1ue auxiuary capacitors | capacitor no. of
/00 gy are used for the cells. compared to components
M This is more efficient double tired used is higher
. ) than single switched switched in this
Figure No.. F  Single capacitor method [64]. capacitor. method.
SWItCh?d Capacitor The algorithm has been
Balancing proposed based on the
input received from the
sensors. The capacitor
tiers are employed for
shuttling of cell energy
between the battery
cells.
Modulariz | [T The modularized The efficiency | The size
ed Cell | | . & switched capacitor cell of the becomes
Balancing L* balancing circuit is modularized more and
[ widely employed in cell balancing | then there is
electric vehicle is high. The a complexity

Figﬁre No.: H Modularized

Capacitor Balancing

appalication to achiev e
better equalization time
and imptrove the
performance of the
battery life time [65].
The battery pack module
is comprised of the
capacitor via the switch.
The balancing circuit

entire battery
is monitored
and periodic
set conditions
are verified.
The balancing
time is
improved and
the auxiliary

in system
design. The
voltage
residue error
consideration
needs to be
improved.




balances the individual
cells and later connected
to the master balancing
circuit of the battery
pack. The balancing
circuit works at better
balancing time with
lower voltage and
current stress on the
switches. The battery

capacitor is
used for
improving
efficiency.
The no. of
components
used is
comparatively
less in this
system. This

cells BAT1 to BAT3 is topology can
connected via the be extended to
switches SW1 to SW2 to | series
the resistor and capacitor | connected
R1 and C1. cells.
Inductor o0 The single winding The cell This
based e . transformer cell balancing balancing
Balancing T = balancing circuit happens at circuit is
Single " employs switched faster rate. highly
winding - capacitor based The stored complex and
Balancing [ os? balancing topology energy using the cost of
: using switching inductor the entire
o0 configuration [66]. This | reduces the circuit is
CELLN is also called as cell balancing | quite
switched transformer time. expensive.Th
cell balancing circuit e
Figure No.: I Single Switched | that passes the balancing configuration
Inductive Balancing current to flow from the includes
higher energy cell to the many
lower energy cell pack switches and
through the transformer transformer
winding by operating the windings
switches to transfer .There may
energy between the be problem
battery pack.The CELL of
1 to CELL N is electromagne
connected to inductor tic
LN via switch to balance interference.
the battery cells.
Multi- — g A single transformer The cell The
winding T core is employed witha | balancing manufacturin
Balancing P e | primary winding and happens at g of turn’s
e multiple secondary faster rate. ratio of
P winding on the This provides inductor with
T secondary side for the easy control parameter
multi-winding unit and estimation is




Figure No.: J Multi Switched | transformer elimination of | highly
Inductive Balancing methodology[67-68]. sensor complex. The
The switched mode interface. leakage
power supply converters inductance of
also come into the the winding
existence of the system. differs  and
The CELL 1 to CELL N the balancing
is connected via the circuit may
relay to inductor LN itself hinder
based on transistor QN the cell
switching. balancing
time. The
windings
turns can be
reduced to
avoid  these
issues.
Converter — In recent days, the The cell | The
Based Cell | T converter based cell balancing time | complexity in
Balancing — balancing is being is faster. It is | circuit

Figure No.: K Converter based

Cell Balancing

The different types of converter
topology includes

Boost Converter based
balancing

Buck-Boost converter based
balancing

CUK Converterbased
balancing

Ramp Converterbased
balancing

Full Bridge converterbased
balancing

Quasi resonant converterbased
balancing

Unidirectional fly-back

converterbased balancing
bidirectional fly-back
converterbased balancing
Complete Shunting or Full
deviation topologybased
balancing

proposed by many
industries. The active
charge balancing circuit
is employed using the
power converters. The
configuration of the
topology may include
centralized, distributed
and modularized for
both charge and
discharge conditions in
electric vehicle
applications [69-73].
This methodology
creates interest and
better performance
related to the cell
imbalance. The
converter switching can
happen via inductor or
capacitor [74-81].
According to the transfer
medium connected, the
working differs. The cell
with higher voltage is
transferring the energy
via the passive elements
such inductor and

economic  to
use. The
efficiency of
the converter
based
equalizing
circuits is
higher

compared to

other
balancing
methods. The
constant
output without
any

fluctuation is
used to
balance the
cells. This
improves the

power quality
in the system
by reducing
the ripple
factor.

design.
Skilled
technicians
are required.
Improper
design affects
the
performance
of the
battery. Heat
sinks and
other voltage
and current
protection
circuits have
to get
employed for
better
performance.
The switches
losses should
be minimized
based on the
design
employed.




Push  pull converterbased | capacitor to the
balancingas mentioned above. converter providing the
constant output voltage.

Comparison of Active and Passive cell balancing
In this comparison, the active and passive cell balancing are shown in the figure 5.9.

CELLS BEFORE CELLS AFTER
BALANCING BALANCING

‘m

PASSIVE BALANCING ACTIVE BALANCING

Figure No. 5.9.Cell Balancing Comparison

From this figure, the comparison clearly depicts the working of the passive and active
balancing. This show for passive balancing the lowest cell level is reached and balanced. But
in case of active balancing, the energy is transferred with the different cells and balancing is
achieved. Thus the passive balancing is not more efficient in balancing the cells [82-83]. The
energy is wasted as heat energy. In active balancing methods the efficiency can be
improved.Generally, balancing take different methods of approach. The board classification is
shown listed as

e Equivalent Circuit Method

e  Model Based Method

e  Circuit based Method

In this equivalent circuit method, the cell is modeled as a resistor and capacitor with the
voltage source. The model based design to design the battery with different specification of
the equivalent circuit method. The circuit based analysis is used directly with the battery. The
error rate may be higher in case of circuit based method since accurate results cannot be
analyzed.

Based on the methodology applied, there are different algorithms [84-87] such as

e Voltage based Algorithm (VBA)

e SOC based Algorithm (SBA)

e  Outliner Detection Algorithm (ODA)

e OCV (Open-Circuit Voltage) based Algorithm (OCVA)

The table 5.4 shows the cost, equalization time, accuracy and complexity of the cell
balancing methodologies.

Table. No. 5.4Algorithms Employed for Different Cell Balancing Methods
S. No. | Algorithm | Cost Equalization Time | Accuracy | Complexity
1 VBA Very Low | Good Low Very Low
2 SBA Medium Excellent Good Medium
3 ODA Medium Good Good Very High
4 OCVA Low Good Medium Very High




Section 6

Other Factors for BMS

Concern for Power Quality in Electric Vehicle:

By employing the power electronic based circuits in the charging system will affect the
AC power systems. This has the major concern towards the power quality issues such as
Voltage sag, Voltage Swell, harmonics and power demand by employing the ac charging
system. The fault diagnosis(Battery Prognostics and Health Management) also plays a vital
role in determine the performance and safety of the battery system [88-94].Even though
different power quality mitigation techniques are found, there is a problem in the grid. The
peak demand should not coincide with battery charging of an electric vehicle. The concern for
the power quality issues have been increasing in recent times because of the solid state
electronics role in power system. The power electronics converters have been employed for
various applications such power conversion, protection scheme, cell balancing, mitigation
methods to improve power quality etc.

Sensors used in Electric Vehicle:

There are different sensors used in electric vehicle. The energy management of theses
sensors is taken into the account.In addition to that, the smart grid plays a major part in
electric vehicle distribution. The energy management for electric vehicle is also a major
concern. The research on energy management of electric vehicle is more important in
customers view. The smart grid also plays a major role in energy management [95-96]. The
studies show that the developed countries uses a common platform to charge the vehicle and
provide incentives based on the usage in order to compensate the charge and discharge of the
electric vehicle. The different types of sensors are used for different application. The board
classifications of sensors in electric vehicle are

e  Wired sensors
e  Wireless Sensors
e  MEMS based Sensors

The wired sensors may include current, pressure and flow etc. The wireless sensor may
include temperature, voltage etc. The MEMS based sensors includes such as position sensors
(encoders), pressure sensors, engine management system, Vehicle navigation sensors etc.

Infrared
Sensors

AC/ GPS/
Door/ Proximity
Window / Sensors
Accesroires

Ultra sonic Pressure
Sensor Sensors

Voltage/
Current
Sensors

Temperature
Sensor




Figure No. 6.1.Sensors used in Electric Vehicle

The sensors mentioned in the figure 6.1 are used for various applications required in the
vehicle. Even though, there are different sensors used in the vehicle the proper energy scheme
employed in the vehicle could save the energy. Thus, the proper algorithm usage can improve
the energy management of the vehicle.

Software Packages for Battery Management system:

The software packages used to simulate the battery management systems are Modelica
(i.e. Einhorn et.al), MATLAB/SIMULINK, PROTEUS, and PSPICE. These packages are
available in both open-source and proprietary version. The analysis of the battery management
system with respect to voltage, current, temperature and other analysis are carried out easily.
This also act as a root cause of real time hardware implementation of hardware circuits.

Research Scope

Based on the research views, the battery management system itself is under the scope of
research. The Internet of Things (IoT) also paves the effective way to transfer energy from
grid to electric vehicle and vice-versa [97-98].The parameters that are under the research
progress are cell balancing, thermal management, Energy Management, Electromagnetic
Interference, role of electric vehicle in smart grid and the power quality on the grid [99-102].
The model of grid to vehicle energy transfer is shown in the figure 8.1. the vehicle-to-grid
configuration is employed either for domestic load application or act as distributed energy
sources. This configuration enhances the safety, reliability, efficiency and stability of the grid
system with good power quality. This also improves the power regulation, load balancing,
power factor control and use renewable energy sources tracking.The figure 7.1 shows the
vehicle to grid interactive system for smart grid application.

Inertia based
rTed Inverter and
converter Controller

v

...........

Electric Vehicle

Figure 6.2Block diagram of Vehicle-to-Grid system

Section 7
Conclusion

The differenttypes of electric vehicle topologies are explained with power ranges. The
battery management system act as the protective and regulating device for battery operated
electric vehicle. The different BMS parameters such as SOC, DOD, SOH, SOP, SOS, thermal
management and cell balancing is discussed. The detailed problem of cell balancing is
analyzed with the causes working and a type of cell balancing topologies. The other impact
factors for electric vehicle are also taken into the consideration for the efficient operation of
the battery operated electric vehicle. Thus, the review covers the history of electric vehicle,



polices followed in the country, working and chemistry of the battery cell, technology of
employed in battery chemistry, battery pack design methodologies, role of battery
management systems, cell balancing causes, effects and methods , fault conditions, sensors
used in electric vehicle, vehicle to grid interaction in detail. Thus, the battery operated electric
vehicle with battery management system is analyzed for different operating conditions.
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