
International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-7, Jul.-2018, http://iraj.in 

Lithium Ion Battery Control System for Hybrid- Electric-Vehicle 
 

18 

LITHIUM ION BATTERY CONTROL SYSTEM FOR HYBRID- 
ELECTRIC-VEHICLE 

 
1HEMANT P. MESHRAM, 2LENINA SVB, 3TUSHAR JADHAV 

 
1PG Student, Electronics Engineering, Shri Guru Gobind Singhji, Institute of Engineering and Technology, Nanded. 

2Asst.Professor Electronics Engineering, Shri Guru Gobind Singhji, Institute of Engineering and Technology, Nanded. 
3Project Lead Manager, Tata Consultancy Services, Shayadri Park Hinjewadi Phase 3, Pune. 

E-mail: 1meshramhemant1@gmail.com, 2lvbirgale@sggs.ac.in, 3tushar.jadhav@tcs.com
 

 
Abstract - Now days increase in the Requirement of Vehicles and protecting the environment from Harmful gases like 
carbon and greenhouse, both are correlated to each other. So, for Energy storage system, in making progress of Electric or 
hybrid vehicles Lithium-ion batteries has been generally used. Li-ion battery utilized as a part of market because of its better 
execution when compare with different batteries regarding acceleration and range. Li-ion battery is a rechargeable battery, 
during discharge Li-ion’s move from negative electrodes to positive electrodes and reverse while charging. Lithium-ion 
battery has few hitches such as overvoltage of battery has a risk of explosion, undercharged will reduce the life cycle of 
battery and unbalanced charge in series connection continuously decreases overall charge of limit. This paper gives the 
comparisons of Lithium-ion battery with other batteries parameters and discusses the safety and life cycle measure of the 
battery. 
 
Index Terms - Lithium-ion Battery (Li-ion), Electric Vehicle (EVs), Hybrid Vehicle (HVs), Battery Management System 
(BMS). 
 
I. INTRODUCTION 
 
We know that now a day, vehicles on a road are 
running with combustion engine and fossil fuel as a 
power source. The emission of fossil fuel is harmful 
to environment and conventional fuels may be 
exhausted in future resulting in storage fuel. To 
contribute to the environmental condition the pure 
Electric vehicles are important, and they are 
increasing rapidly. To reduce the energy wastage in 
electric vehicles, advance Regenerative braking 
system is used.The braking systems help the electric 
vehicle for absorbing its energy and change it back to 
electrical energy come back to the batteries. The main 
purpose of electric vehicle is to power the electric 
motor and other basis system of battery powered 
electric vehicles. Electric vehicle is also called as 
zero emission vehicle, as there is zero pollution 
emission and no fuel evaporation. At present, 
Lithium–ion or Li-ion batteries have become 
important for the energy storage system application 
for electric vehicle (EVs)and hybrid electric vehicle 
(HEVs).Because of the merits in high energy and 
power density, long lifespan, contamination free and 
low self – discharge rate they are in high demand. 
However, it has some drawbacks such as overvoltage 
of battery has a risk of explosion, undercharged will 
reduce the life cycle of battery and unbalanced charge 
in series connection continuously decreases overall 
charge of limit. Lithium is lightest of all metals, has 
the best electrochemical potential and gives the best 
particular energy per weight. Lithium metal on the 
anode could give sensational high energy densities 
wither chargeable batteries. A battery Management 
System (BMS) is basically the “brain” of a battery 
pack, it measures and reports significant information 
for the operation of the battery and also protects the 

battery from damage in an extensive range of 
operating conditions. Battery management system is 
full -featured lithium -ion battery management system 
that is particularly designed to meet the tough 
necessities of restricting and managing battery packs 
for electric vehicles, hybrid vehicles with automotive 
grade quality. BMS as battery charge controller is 
basic to enhance the battery performance, life cycle 
and safety. In this paper, comparison of different 
parameters of lithium ion battery with other 
parameters of all existing batteries is done. The 
parameters which will be in correlation are energy 
density, energy efficiency, power density, life cycle 
and discharge rate. Paper will also high light some 
point how lithium ion battery is increasing rapidly 
now days and to maintaining the environmental 
condition, electrical vehicles developing as fast 
against gasoline engine vehicle. Battery management 
system is a brain of the battery pack will have some 
functions like discharging control, charging control, 
cell balancing, communication, and state of health 
determination. Minimizing the drawback such as 
overvoltage under charged of battery and unbalance 
charge of battery. Organized section wise as section 
II discuss battery and parameters, section III discuss 
Battery management system and section IV provide 
the conclusion and future scope. 
 
II. RESEARCH WORK 
 
Initially the main equipment involved is Battery, 
there are three principal parts to the battery: the 
anode, cathode and electrolyte. The anode is the 
“fuel” electrode that gives up electrons to the outside 
circuit to make the flow of electrons or power. The 
cathode is the oxidizing electrode that accepts 
electrons in the outer circuit lastly, the electrolyte 
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carries the current as ion, inside the cell, between the 
anode and cathode. Electric cars and hybrid cars 
contain the generally same kind of traction batteries. 
The voltage of these batteries is commonly 320 to 
400 volts. Lithium is the lightest metal having High 
Electrochemical Potential and with High energy 
thickness per weight of all metal found in nature. 
Rechargeable batteries with Lithium metal on the 
anode could give extraordinarily High energy 
densities. Lithium-ion batteries cannot be maintained, 
it is only replaced and that task is most difficult and 
expensive. Thus, it is essential to expand the lifespan 
of battery at the time of installation. Considering one 
of the most important parameter is “Heat” because 
heat is the foe of lithium ion battery. Almost heat will 
reduce the life span or duration of battery. Heat 
mainly occurs at a time of fast loading, unloading and 
aggressive driving. To overcome with heating 
problem, it is sufficiently cooled and maintained. The 
battery range in between 20-80%. Now a day’s 
batteries come with a 5-year warranty but it still 
depends on maintenance. Table I. Briefs the types of 
lithium-ion batteries. 
 

 
Table I. Types of Lithium-ion batteries 

 
The produce’s data ordinarily determines the life 
expectancy of the quantity of cycle without 
specifying the sequential age. The battery life 
expectancy comprises of 1000 cycles, and the limit 
decreases straightly to 80% more than 500 cycles. A 
typical battery can take up to 8hr for faster charging. 
At a few spots it will take 18-25 min to charge full 
battery by quick loading technique however it 
degrades the life span of battery. 
a. Series and Parallel Connection Battery 
Figure1 shows a battery pack of series connections 
with3.6VLi-ioncellstoproduce10.8Vminimalvoltage 

 
Figure 1.Series connection battery 

 
Adding cells in series increases the voltage and 
capacity will remain the same. High voltage batteries 
keep the small conductor size and to run the cordless 
power tool requires 12V & 18V batteries. To run high 
end modules requires 24V & 36V batteries. Most e-

bikes has 36V Lithium-ion and some are 48V, now 
industry want to change its starter battery from 
12volts or 14volts to 36volts or 42volts  by placing 18 
lead acid cells in series connection. Some Hybrid cars 
keep running on 48V Li-ion and utilize DC-DC 
transformation to 12V for electrical system. 
Beginning the engine is frequently done by a different 
12V lead acid battery. Those electric cars which keep 
running on 400-500V battery needs in excess of 100 
Li-ion cells associated in arrangement. High-voltage 
batteries require careful cell coordinating, particularly 
when drawing substantial loads or while working at 
cold Temperature. In high voltage batteries 
replacement of full setup would be prohibitive, so 
divide the packs into modules, each having some 
specific no. of cells. If one of the cells fails then only 
affected module is replaced. 

 
Figure2.Parallel connection battery 

 
In the event that higher current is required yet don't 
have bigger cells or don't fit the design constraint 
then at least one cell can have associated in parallel. 
The greater part of the parallel design is with least 
effect. In figure2 nominal voltage of the pack stays at 
3.6V however the capacity (Ah) and runtime are 
expanded. A week cell won't influence the voltage 
however give a low runtime because of reduce limit. 
A shorted cell could cause unnecessary heat and turn 
into a fire hazard. On huge packs a fuse averts high 
current by isolating the cell. Large packs need custom 
circuits, and it applies to all e-bikes batteries, hybrid 
cars and the tesla model. Custom circuits have both 
the combination of series and parallel cells. 
When Parameters are consider following table gives 
the comparison of Li-ion battery with other batteries. 

Type Energy 
efficiency 

Energy 
density 

(joule/m^3)

Power 
density 

(Wh/m^3) 

Cycle 
life 

Self- 
discharge 

Lead- 
acid 70-80 20-35 25 200- 

2000 Low 

Ni-cd 60-90 60-90 140- 
180 

500- 
2000 Low 

Ni-MH 50-80 60-80 220 3000 High 

Fuel cell 50-80 250- 
350 

800- 
1200 >1200 Medium 

Li- 
polymer 70 200 250- 

1000 >1200 Medium 

Li-ion 70-85 100- 
200 360 >2000 Medium 

Super 
capacitor 95 0.3- 

0.5 2500 >3000 
0 High 

Table II.     Comparison of Li-ion and other batteries 
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The Vast variety of the manufacturing of the electric 
vehicles is using Li-ion or Ni-MH batteries. Li-ion 
adopted as the power source of electric vehicles. 
Where electrical energy is the combo of all three, 
lithium, carbon and lithium metal oxide. As table II 
shows the comparison between different batteries 
parameters such as lead –acid with energy efficiency 
70-80%, energy density 20-35, power density 25, 
cyclelife 200-2000,andself-dischargerateishigh. Cycle 
life is based on environment condition such as 
temperature, loading the battery whether is over-
charged, or under –charged and how it is loaded. 
Battery manufactures will often have a mean-time-
before–failure (MTBF) metric to estimate the life–
time of the battery. As time passes Batteries will get 
self-discharged. Weather it is used or not. This 
indicates that the battery capacity will reduce from 
100% to 0%. The reduction in the battery capacity 
that is reduction of the stored charge of battery 
happens due to internal chemical reaction which is 
self-discharged phenomenon in batteries when 
reduces the over a self-life of batteries, it is about 
nearly 2 % to 3 %. 
Table III summarizes self-discharge of batteries. 
 

 
Table III. Self-discharge of batteries 

 
Self-discharge value taken at room temperature per 
month. In above table nickel –metal hydride (NiMH) 
battery has maximum self-discharge per month. To 
prevent the batteries from reduction of rate of self-
discharge and Preserve the initial energy stored in the 
battery during storage, store the battery at lower 
temperature.In comparison battery table nickel 
cadmium (Ni-cd) battery has energy density 60-
90with low self – discharge, nickel- metal hydride 
(Ni-MH) has high cycle life and self-discharge as 
compare to Ni-cd and lead acid and Li-ion battery has 
medium self-discharge rate with cycle life greater 
than 2000 and energy efficiency 70- 85%. 
 
III. LITHIUM-ION BATTERY MANAGEMENT     
SYSTEM (BMS) 
 
In fully electric vehicles, the only power source is 
battery. Therefore, BMS will monitor the battery and 
protecting system, a system that can extend the life of 
the battery and keep the battery ready to deliver full 
power when necessary. It will also control the 
charging control and manage the thermal issues. In 
battery monitoring, system records some parameter 
such as voltage, internal temperature and current at 
the time of charging and discharging. When it 
exceeds the threshold, value set at safe zone or even 
battery is disconnected from the load, monitoring 
circuit could generate alarms to protecting the system. 

Actual definition of BMS depends for application but 
in general it’s defined in such a manner that, MS 
ensure that the energy of battery is optimized to 
power or any product. BMS should guarantee the 
minimal danger of battery damage, should monitor 
and control the charging and discharging procedure 
of the battery. The objective of battery management 
system is to protect the battery cells from harm, 
extend the battery life as long as possible; battery is 
always ready to be used. 
 
Tasks of the BMS 
Discharging control: The main aim of BMS to 
maintain the battery from operating out of its safety. 
BMS must protect the cells from any contingency 
during discharging 
Charging control: In Lithium-ion batteries, two stage 
known as constant current-constant voltage(CC-CV) 
charging method. So in that method more frequently 
charging is used and most of the time battery is 
damaged due to inappropriate charging. Charging 
control is an important parameter of Battery 
management system. 
Cell Balancing: During the charging purpose, weak 
cell may be overstressed and become even weaker 
.To extend the overall life of battery cell balancing 
method is used, for that reimburse the weaker cell by 
equalizing the charge on all cell in a row. In cell 
balancing individual cells preventing overstressed 
and equalization will be balance by schemes: the 
active cell; the passive cell and shunting cell 
balancing scheme. In active cell balancing scheme, 
the charge is removed from the stronger cells and 
delivered to weaker cells. In passive cell balancing 
scheme, the cell with highest charge in the pack 
means higher cell voltage is found out by 
thermodynamically open system technique, 
In thermodynamic system the register is bypassed and 
removing excess energy until the voltage is matched 
with weaker cells. In shunting cell balancing scheme, 
the charge on all cell would be leveled upward to the 
rated voltage of a perfect cell and current would 
bypass the fully charged cells to charge the weaker 
cell until matching. 
State of Health Determination: The state of health 
can be determined by comparing batteries ability to 
deliver the specified performance with a new battery 
and by the general condition of a battery. 
Communication: The communication with vehicle is 
main function of BMS because it may provide the 
data link used to monitor log data, performance, set 
system parameter. Communication protocol is 
depending upon the application of battery; in electric 
vehicles Battery management system is used, must 
communicate with upper vehicle controller. Two 
protocols are used in vehicle communication 
application that is data bus or the controller area 
network (CAN) bus. RS232 as data bus and standard 
for on-board vehicle communication is the CAN bus 
which is extremely used for vehicle application. 
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IV. THE DRAWBACKS OF LITHIUM-ION 
BATTERY CAN BE MINIMIZED BY 
CONTRLLED THE PARAMETERS 
 
1. Overvoltage 
The most commonly used batteries across several 
Industries are lithium–ion batteries, but due to over 
voltage it created many problems. In technical term it 
is called thermal runaway, increment in temperature 
changes, the condition in a way that leads to 
temperature rise which often leads to destructive 
results. The drawback of lithium-ion battery for over 
voltage will be minimized by Battery management 
system (BMS) a proper management will help to 
monitor the system, as soon as over charged will 
occur an alarm will be triggered. A battery puncture 
due to overcharging or car accident results in flame 
resistant in the thermal fluid acts to minimize the fire 
hazards. The flame resistant is discharged from the 
microcapsules and acts to bring the fire under control. 
2. Undercharged 
In electric vehicle or hybrid vehicle under charged 
will reduce the overall capacity or performance of the 
battery. If a car battery doesn’t charge or does not 
have enough energy to start the vehicle, at that point 
it might stand up to battery failure. Longer the battery 
stays undercharged, greater is the harm. 
Undercharging happen if the battery isn’t getting 
enough charge to return it to a full state of charge, 
this will gradually cause sulphation. This fault can 
happen if the car is being used sometimes for short 
journeys, or just for start-stop urban motoring. 
Undercharging will happen if alternating voltage is 
low, that is13.6v- 13.8v. To prevent the battery from 
damage during long period of storage ,there are two 
options first one is to charge the battery time to time 
and the second one is to charge the battery by using 
float charger which automatically charges when 
battery gets below certain levels. 
3. Unbalance 
One of the most basic issues regarding to the cycle 
life of battery pack is cell balancing.Cells being 
charged with different state of charge level caused 
unbalance condition. It isn’t important that all the 
battery science is similarly influenced by cell-
unbalance. If   there should arise an occurrence of Li-
ion science is at risk in light of its capacity to store 
similarly 100% of all energy delivered, NiCad-s, 
NiMH and lead-acid are moderately tolerant  to 
overcharge since they can react to expanded voltage  
by inner transport  responses that are identical to a 
substance short –circuit inside the cell.In small 
volume fixation lithium-ion batteries have high 
electric vitality. Dynamic parts with electrolyte cause 
response because of overheating and overcharging of 
the battery and with each other causing to blast and 
fire. One of the strategy utilized for adjusting the cell 
is by utilizing Simultaneous multi-cell adjusting, it 
settles on choice on which cells need to evaded under 
thought of the entire pack and not just neighboring 

cells as it is the situation with comparator based 
arrangements. Another strategy utilized as a part of 
that is setting FET in parallel with each cell and 
control by a comparator, where turned-on the bypass 
FETs in the midst of the beginning of voltage 
differences or by the microcontroller in exceptionally 
troublesome condition.Effective adjusting can 
altogether increment helpful cycle life of Li-ion 
battery Performances. 
 
CONCLUSION 
From the above research certain conclusion can be 
made 1.In series Connection of batteries, number of 
batteries connected is directly proportional to increase 
in voltage. 2.When Batteries are connected in 
parallel, number of batteries connected is directly 
proportional to increase in capacity. 3.No fluctuation 
is observed in capacity when the batteries are 
connected in series. 4.No fluctuation is observed in 
voltage when the batteries are connected in Parallel. 
Since bigger pack needs custom circuit and this 
applies to e-bicycles batteries and hybrid cars. Here 
minimize the drawbacks of Lithium-ion battery in 
terms of Overvoltage, Undercharged and Unbalance 
conditions. The detail description of these conditions 
will definitely help to enhance the battery life and 
performance of Lithium-ion battery. 
 
FUTURE SCOPE 
 
As it can be observed from the graph there is 
exponential rise in Lithium-ion battery demand in 
future.If lithium –ion batteries are utilized it will 
leads to various beneficial aspects such as reduction 
in toxic contents of pollutant. 

 
Figure 3.Lithium-ion battery and material demand from 

electric vehicles sales 
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