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Abstract 
Every unbalanced battery will reduce the life 
of a battery pack and therefore equalization 
of batteries is performed in-order to protect 
them from damage, explosion and poor 
battery utilization. Several converter 
equalization circuits are used in-order to 
achieve fast equalization. This paper presents 
an isolated bidirectional equalizer with 
centralized topology which are used in 
equalization circuits of two series connected 
lithium-ion batteries. 
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I. INTRODUCTION 

The decreasing fuel energy, increasing oil 
cost and pollution had led the researchers to 
think about an alternative to fuel energy and it 
is nothing but renewable source of energy. 
Renewable energy sources like solar energy, 
wind energy, tidal energy has an immense 
influence on many applications related to 
electric vehicle. One of the most interested area 
of research for electrical engineers are electric 
vehicles, in which the main focus is on its 
batteries. Batteries of electric vehicle suffer 
from a lot of issues like complications of 
charging, equalization, life of batteries, and the 
lack of charging infrastructure. Also, battery 
chargers can produce destructive harmonic 
effects on electric utility distribution systems 
although chargers with an active rectifier front 
end can mitigate this impact. Battery 
performance depends on charging levels and 
charging infrastructure. There are mainly three 
charging levels for any electric vehicle battery. 
The structure of EV battery can be on-board or 

off-board with unidirectional or bidirectional 
power flow [1].  
Battery performance not only depends upon 
types and charging characteristics of batteries 
but also on charging equalization. Repeated 
charging and discharging of battery cells result 
in voltage imbalance among the cells. It is very 
important to have a battery with its maximum 
efficiency to work for, so if any unbalance 
occurs in the battery pack which has a number 
of cells connected in series or parallel may lead 
to failure or explosion of batteries. There have 
been many efforts taken to find and develop a 
battery pack for EV which has good 
performance and high storage capacity. Ideally, 
a battery pack with no difference found among 
their cells are considered to be stronger and 
high capacity. In practical case charge 
imbalance occur due to internal resistance, 
ambient temperature during charging and 
discharging and degradation. Therefore, voltage 
monitoring and balancing is to be done for each 
cell to prevent any single cell from experiencing 
over or under voltage problem. Equalization 
improves the battery performance, life of the 
battery and efficiency, thereby reducing some 
of the issues of EV batteries. Equalization can 
be of dissipative or non-dissipative type. High 
energy consumption and low efficiency is the 
result of dissipative type of equalization 
therefore most of the researchers are focusing 
on non-dissipative type of equalization [2].  
A large number of charge-equalization 
technologies with DC-DC topologies are now 
trending in application due to their high 
equalization accuracy and efficiency. According 
to the structure they can be divide into two 
centralized and distributed structure. In 
distributed structure, every single cell has its 

mailto:keerthins95@gmail.com
mailto:Priyasyamtech@gmail.com


 
INTERNATIONAL JOURNAL OF CURRENT ENGINEERING AND SCIENTIFIC RESEARCH (IJCESR) 

    
 

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-7, ISSUE-5, 2020 
7 

own converter circuit making it bulky and as the 
number of cells increases the volume of the 
entire structure increases making it quite 
complex [3]-[4]. Therefore, we move on to 
centralized structure with one common 
equalization circuit to control all the cells 
making it more reliable and simpler to work on. 
The cell which is to be equalized is connected 
with the converter circuit through the cell 
selection block. Equalization strategy often look 
for battery voltage. The equalization is initiated 
when the battery is inconsistent and when the 
battery voltage is equal equalization stops. And 
if early termination of charging or discharging 
cycle leads to reduced capacity and life of 
battery. Therefore, monitoring cells in real time 
and maintaining the cell voltage is essential. 
Various Battery Management Systems are 
popular in nowadays but they still have some 
problems with cell equalization. Large 
dissipation of heat energy is suffered in most 
common method of resistive current shunt. 
Certain methods of cell balancing use energy 
storage element capacitor to transfer excess 
energy from high voltage cell to low voltage 
cell. But they possess some imperfect balancing 
due to the voltage drop across the switches [5]-
[6].  
The charge equalization system having a 
centralized structure which deals with a 
bidirectional full-bridge converter is presented 
in [7]. Lithium-ion phosphate battery pack was 
used for the experiment. Even though it 
constitutes bidirectional power flow the 
complexity of the circuit is more since it 
consists of large number of switches and thus 
requirement of driver circuits is more which 
reduces stability of the converter. This 
bidirectional full bridge topology is also used in 
[8] and the work is centered on equalization 
algorithm to reduce time and energy loss during 
equalization. It must focus on the variations that 
happens in the state of charge of the cell. The 
energy flow between the cell and the battery 
string is contributed by a flyback converter in 
[9] and [10]. In [9] they had mainly focused on 
size reduction and smooth balanced operation. 
However, the number of bidirectional switches 
and polarity switches is much high and the issue 
of voltage spike caused by leakage inductance 
is not completely avoided. A battery charge 
equalization algorithm for lithium-ion batteries 
for EV application is discussed in [10]. They 

reduce the risk of explosion and improves the 
battery life. The number of bidirectional and 
polarity switches also increases with increased 
number of cells.  
The paper presents a battery charger which 
supports the centralized charge equalization 
with a bidirectional DC-DC converter to 
exchange energy between cell and the battery 
string. The number of bidirectional and polarity 
switches for the system is much less thereby 
reducing the complexity of the electrical 
circuitry. Moreover, it improves equalization 
efficiency, reduces switching losses and 
eliminates voltage spike. The rest of the paper is 
organized as follows. Section II deals with the 
overview of bidirectional charge equalizer. 
Design parameters are discussed in section III 
and simulation results are presented in section 
IV. Concluding remarks are given in section V. 

II. OVERVIEWOF BIDIRECTIONAL 
CHARGE EQUALIZER 

A. Circuit Description 
 

 
 
Fig. 1. Block diagram of a charge equalizer 

 
Block diagram of the presented charge 

equalization system is shown in fig. 1. A 
bidirectional DC-DC converter is used in the 
system which allows the transfer of excess 
energy from the selected cell to the battery 
string. Battery string is directly connected to the 
output side of the converter circuit. The input of 
the circuit is connected to the cell that is to be 
equalized. The selection of the required cell 
with unbalance voltage is controlled by the cell 
selection switches. According to the boost and 
buck mode of the converter the overcharged and 
undercharged cell come into action. All the cells 
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of the battery string are regularly monitored by 
the monitoring IC and it gives command to the 
microcontroller. The microcontroller thus 
decides the cell to be selected and it gives the 
required pulse to turn on the switch through a 
gate driver. The microcontroller also provides 
the gate signals to the converter switches and 
thus it operates in the desired mode. A battery 
string consists of a large number of cells, it is 
necessary to equalize all the belonging cells but 
here we are presenting a prototype with only 
two cells in the battery string. We can apply this 
system to any number of cells as per our 
requirement and application.  

This system uses a centralized topology 
which reduces the number of converter circuits 
and here we only require one common 
converter circuit. Switches Q5, Q6, and Q7 
represents the cell selection switches and Q1 to 
Q4 represents the polarity switches for 
connecting the unbalanced cells to the converter 
circuit. When a single cell is undercharged the 
equalization is activated by selecting the cell 
and connecting to the bidirectional converter. 
Converter operates in boost mode and transfers 
the extra energy to the battery string. When any 
cell is found to be undercharged, equalization is 
activated and the converter is operated in buck 
mode and allows the undercharged cell to be 
charged from the battery string. 

 
Fig. 2. Schematic diagram of charge equalizer  

B. Bidirectional DC-DC Converter 
 

 
Fig. 3. Bidirectional converter circuit 

The bidirectional DC-DC converter shown in 
the figure consists of four switches and a high 
frequency transformer. The turns ratio of the 
transformer is 1: n.The low voltage side of the 
transformer is connected to the single lithium-
ion cell which is to be equalized. The input side 
consists of two switches S1 and S2. High 
voltage side of the transformer is connected to 
the entire battery string.  

During the boost mode, the extra energy is 
transferred from overcharged cell to the battery 
string. The duty cycles of switches are given in 
fig. 4. Switch S3 is always turned off during the 
boost mode. 

The equalization is activated when an 
undercharged cell is monitored and the 
converter needs to operate in buck mode during 
this condition. The respective gate pulses for the 
switches are given in the waveform. 

 

 
 

Fig. 4. Duty cycle in boost mode 
 

 
 
Fig. 5. Duty cycle in buck mode 
 

C. Characteristics of Lithium-ion 
Battery 

One of the major energy sources of electric 
vehicles is lithium ion cells. A complete battery 
pack consists of many cells connected in series 
and parallel to drive an electric vehicle. When 
they are connected in series for a particular 
application, then their cell voltage is an 
important factor. They cannot withstand the 
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overvoltage so the control of cell voltage and 
equalizing the voltage is very important for the  

smooth functioning of the battery. Over 
discharge leads to reduced life-cycle of the 
battery and over charging may lead to high  
explosion [12]. The one who is operating with 
the battery needs to know the complete 
knowledge about its characteristics and 
working. Lack of information leads to 
degradation of cell’s life. Therefore, it is 
necessary to monitor the cell voltage and to 
estimate the state of charge. Lithium ion battery 
is widely used since it is capable of achieving 
high energy density, higher cell voltage, better 
life cycle and easy maintenances. Certain safety 
measures should be taken to the cells. One of 
the main problems with the development of 
these batteries is nothing but its cost. 

III.  DESIGN PARAMETERS 
Rated voltage at low voltage side = 3.7 V  
Rated voltage at high voltage side = 7.4 V  
Switching frequency = 20 kHz 

A. Inductor 
Applying the volt-second balance law to L1 
during a switching cycle: 
 
 

(1) 
From this we get,
 

       
(2) 

In boost mode,
 

 (3) 

where D1 = 0.4 and fr is given by, 

(4) 
(L1 + Ls1) <4mH(5) 

Discharging current is calculated as: 
 

(3.5) 

(6)  

Idischarge = 2A 

In buck mode, the range of values for 
inductors L1and Ls1 is also given by: 
 

(7) 

(8) 

Therefore,L1 andLs1 are chosen such that it 
satisfies the equation (5) and(9). 

L1 = 2mH 

Ls1 = 0.2mH 

Here 
Ls2 = n2Ls1 (10) 

n is chosen as 2, we get Ls2 as 

Ls2 = 0.8mH 

Lm1 is calculated as: 

 
 (11) 

Lm1 = 0.47µH  
Here 

𝐿𝐿𝐿𝐿2 =  𝑛𝑛2𝐿𝐿𝐿𝐿1 (12) 

Lm2 = 1.88µH  

B. Capacitor 
 
Cr can be calculated as: 

                       (13) 

Cr = 1.15nF 

Choose standard value of capacitance that is 
2.2 nF. 

(L1+Ls1)>0.19mH                               (9)  
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C2 should be sufficiently large to ensure that 
the voltage is approximately constant and 
reduces the voltage stresses of the switches. 

                           (14) 

C2 >2.13µF 

Therefore, choosing a standard 
valueforC2 as 3.3 µF.C1 is calculated as, 

 

                     (15) 

Therefore, choosing a standard value for C1 
as 4.7 µF. 

C. Transformer 
In this system, the E core EE25/13/7 is selected 
as the transformer core. In order to decrease the 
value of magnetizing inductance, the air-gap is 
required in the transformer core. We assume 
that the turns of primary and secondary 
windings of transformer T1 are N1 and N2, 
respectively. 
From the calculations we get, N1 = 5 turnsand 
N2 = 10 turns. The Standard Wire Gauge 
(SWG) value for the primary winding is 20 
SWG and for the secondary winding it is 22 
SWG. 
 

IV. SIMULATION RESULTS 
The nominal voltage for every single lithium 

ion cell is 3.7V. If we want higher voltages, we 
will combine the cells to form the required cell 
voltage. Since we are using only two cells as 
reference so the rated voltage at low voltage 
side will be 3.7V and high voltage side will be 
7.4V. In order to perform the simulation, the 
complete circuit diagram is simulated in 
MATLAB and the results are shown. 

 
 
 
 
 

 
Table. I: Parameters of the proposed 
bidirectional DC-DC converter 

Parameters Values/Ratings 

1.Rated voltage in low 
voltage side (Vc) 

3.7 V 

2. Rated voltage in high 
voltage side (Vs) 

7.4 V 

3.Switching frequency (fs) 20 kHz 
4. Inductor(L1) 2 mH 
5.Capacitor (C1) 4.7 µ F 
6. Capacitor (C2) 3.3 µ F 
7. Capacitor (Cr) 2.2 nF 
 
 

 
Fig. 6. MATLAB simulation model of 
equalization circuit in boost mode 

 
Fig. 7. Shows the controller output with a 

same logic that works like the equalization 
algorithms. Inside this controller we will be 
comparing the voltages of every cell in the 
battery string. If any of the voltage is greater 
than the reference voltage set, then equalization 
is activated. If more than one cell is found to 
have higher voltage than nominal voltage then 
the greater in them will be selected. The 
commands are given to the cell selection and 
polarity switches and they activate the boost 
mode of operation as shown in fig. 8. 

 
 

 
C1 >4.43µF 
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Fig. 7. Controller output in boost mode  
 

 
 
 Fig. 8. Cell selection logic output in boost mode 
 

 
Fig. 9. MATLAB simulation model of 

equalization circuit in buck mode 
 
The controller will be comparing the voltages 

of every cell in the battery string. If any of the 
voltage is less than the reference voltage set, 
then equalization is activated and the commands 
are given to the cell selection and polarity 
switches and they activate the boost mode of 
operation as shown in fig. 11. If more than one 
cell is found to have lower voltage than nominal 
voltage then the most lesser one will be 
selected. 

 

 
 

Fig. 10. Controller output in buck mode 
 

 
 
Fig. 11. Cell selection in buck mode 

 
V. CONCLUSION 

The isolated bidirectional equalizer presented 
in this paper is having the centralized topology. 
For a good equalization system, it should persist 
high equalization speed, high efficiency, small 
volume, low cost, good extensibility and simple 
structure. The system is capable for battery 
string with large number of cells to achieve the 
real power and voltage for an EV application. 
Moreover, the equalizer reduces the risk of 
damage and increases the life of batteries. 
However, the cost of monitoring IC vary with 
the increased number of cells.  
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