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ABSTRACT 

Battery bank is used in many applications such as Electric 

vehicles, Hybrid Electric Vehicles and Plug in Electric 

Vehicles. These battery banks are of high-capacity and 

configured in series using multiple low or medium capacity 

batteries. These battery banks are expected to perform in the 

most challenging environmental conditions. Due to harsh 

environmental and operating conditions, the configured 

batteries tend to develop an imbalance in their charge levels. 

This imbalance may cause a normal variation or abnormal 

(large) variation in their state of charge. This imbalance of 

charge among batteries reduces the efficiency, reliability and 

life span of the battery bank.  Hence, a technique called 

charge balancing and equalization is adapted to ensure the 

batteries are maintained at the optimum charge level in a 

battery bank so as to extend battery life span with reliability. 

Much topology on the cell balancing/equalization has been 

proposed in the past. The main topologies are passive and 

active balancing/equalizing. This paper presents a unique non 

dissipative 4 steps balancing and equalizing process for Lead 

acid batteries and a unique three step balancing and 

equalization process for other battery types. Both the process 

is so devised, to handle the batteries having normal or 

abnormal variations in their state of charge. The proposed 4 

step method has been validated by developing the 

experimental setup. 

General Terms 

Hybrid Electric Vehicle, Battery, Balancing, Equalization. 

Keywords 
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1. INTRODUCTION 
Battery regarded as a fuel tank of Electric vehicle is a pack of 

number of cells connected in series. These cells differ in state 

of charge over a period of time. The reliability and long life 

span of the battery pack can only be ensured if all the series 

connected cells are charged uniformly. Electric vehicles use 

the series connected string of batteries in range of 300V to 

realize the main power source for driving [1]. In such 

applications, battery has to be efficiently charged and 

discharged for enhanced performance. Many researchers are 

constantly working on Hybrid Energy Storage system [2] for 

electric vehicles along with batteries. Savvas Tsotoulidis et al 

[3], have proposed and suggested to a variable drive system 

for fuel cell and battery-powered Electric vehicles. Such 

applications need a battery balancing and equalization 

mechanism. The factors responsible for the performances of 

speed drive are dealt in [4] & [5]. Chemistry of the cells 

changes due to frequent charging/discharging process. This 

results in reduction of the efficiency and performance of the 

battery. Therefore equalization needs to be done on 

predefined period such as for every 10 or 12 charging and 

discharging cycles. In some cases balancing and equalization 

is done twice or thrice in a year based on the manufacturers 

recommendations [6].  

The balancing and equalizations are two different processes in 

case of Lead acid batteries where as in other types 

balancing/Equalization is only one. Equalization of Lead acid 

batteries is a process of de-sulphating the electrodes by a 

controlled over charging process for a definite period of time 

of 2 hours after constant voltage step. This removes the 

concentrated sulphate and helps in restoring the battery 

capacity. The main criterion is time of executing equalization 

algorithm while equalizing the batteries [7]. A quick 

responsive battery management system is the requirement 

with which equalization can be done in controlled manner. 

Physical design and the chemistry of the battery must be 

considered while equalizing. 

2. REVIEW OF LITERATURE 
Battery or a battery bank is formed by joining number of 

cells/batteries of suitable capacity in series to deliver a 

required amount of power to the application. Cells are 

equalized on manufacturing the battery initially. Over a period 

of use, cells differ in state of charge there by reducing the 

overall capacity of the battery bank. This state of reduced 

capacity indicates that the cells are imbalanced. This 

imbalance is due to difference in volume of stored charge, 

difference in internal resistance, difference in temperature as 

indicated in [1]-[7]. 

Balancing is most important and critical issue in any battery. 

In general, the equalization methods are classified as Passive 

and active methods. Another name for passive balancing is the 

“resistor bleeding balancing” [8]. It is very simple and 

straightforward method shown in Fig.1. 

 
Fig.1. Resistor Bleeding Balancing [8] 

In this method the overcharged cell is discharged by means of 

bleeding resistor (R1-Rn) to equalize the low charged cells in a 

battery pack by operating switches (S1-Sn) accordingly. This 

is a very low cost solution but at the cost of energy. In this 

method the excess energy dissipated as heat from the over 

charged cell is unutilized. This leads to less efficient system. 
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The resistor element may be fixed or switched as per the 

system demand. 

In active cell balancing methods charge is transferred from 

high energy cells to low energy cells. Active cell balancing 

methods use capacitors, inductors to store and transfer energy 

from cell to cell [8] and [9]. Fig.2 shows the single switched 

capacitor cell balancing method. 

 
Fig.2 Single switched capacitor cell balancing [8] & [9] 

 

Single switched capacitor cell balancing needs n + 5 switches 

to balance n cells, thus results in switching loss. In case of 

active cell balancing the time required to switch the switches 

must also be taken into account to assess the suitability of the 

balancing method. Fig.3 (a) and (b) shows the single and 

multi-inductor based cell balancing technique detailed in [9]. 

 
Fig.3 (a) shows the single inductor based cell balancing 

technique [9]. 

 

Fig.3 (b) shows the multi-inductor cell based balancing 

technique [9]. 

Mohamed Daowd et al [10] have proposed the single switched 

capacitor and bidirectional DC-DC converter with auxiliary 

battery- battery management system. This system has yielded 

good results. However, the method is very complex in 

realization. Time requirement is more for the execution of 

balancing. Nasser Kutkut et al [11] have proposed and 

implemented Coaxial Winding Transformer (CWT) based 

equalization with individual cell equalizer (ICE). But the 

CWT is a specialized design and needs a careful 

implementation. The CWT with ICE cell equalization circuit 

is shown in Fig.4. 

 

Fig.4 CWT with ICE cell equalization circuit [11] 

The transformer and converter design need to be optimized so 

that the full converter rating can be used to charge the weakest 

module (stack of modules), and will gradually phase back into 

equal charging currents for all modules as the individual 

module voltages equalize. 

Yunlong et al [12] have presented Quasi-resonant converter 

and Boost converter zero switching technique for cell to cell 

equalization. Proposed method was applied to Li-Ion battery 

pack with 8 cells connected in series. The simulated results of 

the proposed scheme were verified by experimental prototype. 

The proposed method lack in simplicity, the control strategy 

to equalize the cells is complicated. The method is little 

complicated due to double converters as shown in Fig.5. 
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Fig.5 Cell balancing using Quasi-resonant LC converter 

and Double Boost Converter [12]. 

An active cell balancing technique based on buck boost 

converter is proposed by J F Reynaud et al [13], whose 

architecture is given in Fig.6. 

 
Fig. 6 Active cell balancing technique using buck boost 

converter [13] 

 

Though there are many balancing & equalization methods in 

force, but they lack in simplicity, saving of energy & time. 

Therefore, the equalization process of cells is still a critical 

area which needs to be touched upon for further improvement 

of the battery state of health and hence the applications [14]-

[18].  The active and passive topologies currently in use suffer 

from issues like, complex circuitries, heat dissipation, 

switching losses and many more [19]-[21].  Hence, this paper 

presents a unique four step and three step balancing and 

equalizing methods for Lead acid batteries and other batteries. 

In this paper only a four step method has been validated by 

developing an experimental prototype. 

The remainder of this paper is arranged in the following order. 

Section 3 introduces the basic charging algorithm employed 

for the development of the new algorithms. In section 4, the 

concept of proposed balancing and equalization method is 

introduced. The scheme of proposed balancing and 

equalization is presented in section 5. In section 6, the 

experimental test setup is explained. Experimental test results 

are presented in section 7 along with analysis. In section 8 

conclusion of the work is presented.  

3. BASIC CHARGING ALGORITHM  
Battery is a device, which converts chemical energy into 

electrical energy. It consists of electrochemical elements 

known as cells having the nominal electrical voltage capacity 

of 2V/cell. The capacity of the battery depends upon the 

number cells in a cluster. As an example, a typical 12V 

automotive lead acid battery has six cells as shown in Fig. 7. 

 
Fig. 7 Battery Electrical Connections of Cells. 

The battery thus formed can be recharged electrically to 

provide the power when needed. A constant current and 

constant voltage method is employed in case of lead acid 

battery.  This method is called a three step method and a 

typical curve representing this process is shown in Fig. 8. 

 

 
Fig.8. Charge stages of a battery [22].  

The graph shows the charging process of 2V as the cells are of 

2V capacity. The maximum charging voltage of these cells is 

2.4 volts thus the 12V battery has a maximum charging 

voltage of 14.4V (2.4 x 6=14.4) and 6V battery has 7.2V (2.4 

x 3). 

From the Fig. 8, it is clear that during constant current stage 

the battery reaches up to 70%-80% in 5-6 hours and the 

remaining 30%-20% lasts for 4-5 hours. During constant 

voltage stage the current drops to minimum as evident from 

the graph. At the end of constant voltage stage the charging 

current is about 1% - 3% of its maximum charging current 

which depends upon C rate of the given battery. In case of 

lead acid batteries, the last stage is float stage which is 

required to avoid self-discharging.  

4. CONCEPT OF PROPOSED 

BALANCING AND EQUALIZATION 

METHOD 

The concept of proposed balancing and equalization method is 

derived from the three stage/step charging process explained 
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in the previous section 3.  The proposed method has four 

stages namely, constant current, balancing, equalization and 

float in case of lead acid batteries. Whereas, in case of other 

batteries it is a three stage process namely, constant current, 

constant voltage and equalization without the float stage. The 

concept of proposed four step balancing and equalization 

method for Lead acid batteries is shown in Fig. 9. 

 
Fig. 9, Concept of proposed balancing and equalization 

(Lead acid batteries) 

In case of four stage process, lead acid battery pack is 

subjected to constant current charging till the pack reaches 

70%-80% of its charge level. Next, the individual batteries are 

simultaneously subjected to balancing their voltage levels 

with constant voltage during balancing stage. At the end of 

balancing stage, batteries are subjected to a control over 

charging process called equalization for a period of 2 hours. 

On completion of equalization stage, all batteries in a pack are 

rejoined and subjected to float charging.  

In case of other type of batteries, the battery pack is subjected 

to constant current stage till the pack reaches 70%-80% of its 

charge level. Next, the individual batteries are simultaneously 

subjected to constant voltage stage. At the end of constant 

voltage stage i.e when the charging current is about 1%-3% of 

its maximum charging current then batteries are 

simultaneously subjected to balancing/equalization. At the 

end of equalization all the batteries are rejoined to form the 

battery pack. This concept is represented in Fig. 10. 

 
Fig. 10, Concept of proposed balancing and equalization 

(Other batteries) 

Algorithms developed on the basis of these proposed concepts 

are shown in Fig. 11 and 12 in the form of flow charts. 

 

Fig. 11, Flow chart of Algorithm-1

 Fig. 11, Flow chart of Algorithm-1.Cont’d 
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Fig. 12, Flow chart of Algorithm-2 

 

Fig. 12, Flow chart of Algorithm-2.Cont’d 
 

 

 

5. SCHEME OF PROPOSED 

BALANCING AND EQUALIZATION 

The proposed balancing and equalization scheme is realized 

using a microcontroller and other logic circuitries. The 

optically isolated relay circuitry (Set of 8 Relays) is developed 

to switch the connections between the batteries in accordance 

with the algorithm executed within the microcontroller. The 

battery pack (with four 6V, 4.5Ah batteries in series) is 

considered for the experiment. Therefore the voltage can 

reach up to the level of 28.8V and current up to 1A while 

balancing and equalizing. These signals with higher 

magnitude cannot be fed to the microcontroller directly. Since 

Microcontroller accepts only 5V level signals, it is necessary 

to incorporate the signal conditioning circuits for acquiring 

both charging voltage and current. 

This signal conditioning circuit is realized by using an 

operational amplifier with voltage divider circuit to bring the 

sensed voltage to the 5V level such that the microcontroller is 

able to convert into corresponding digital value. On the other 

hand the charging current is sensed using the Hall Effect 

current sensor. The 10 bit analog to digital converter (ADC) is 

used to convert analog voltage and current to corresponding 

digital values.  The charger selected for the work is of 

constant voltage and constant current (CV/CC) with rating of 

0-30V, 0-10A. The scheme has a buck converter with 

adjustable output @ 3A to supply the necessary voltage and 

current to the individual batteries while balancing and 

equalizing.  

Both the balancing and equalization algorithms detailed in 

previous section 4, are implemented in firmware and ported 

on to the microcontroller. Based on the selected type of 

battery pack, microcontroller executes the one of the 

algorithms accordingly. Microcontroller used in this work is 8 

bit and has a 10 bit ADC which is a perfect match for the 

application. Scheme has a 16 x 2 character liquid crystal 

display to show the voltages and current of batteries during 

the experiment. 

The schematic representation of the proposed balancing and 

equalization method is shown in Fig. 13. 

When the batteries are connected in series, their voltages 

depend upon the status of the relays. From Fig. 13, the 

terminal voltage of the 1st battery in a pack with respect to the 

ground is given by VF1 which is equal to the terminal voltage 

of the entire pack. The voltage VF2 is the terminal voltage of 

the 2nd battery with respect to ground. The voltage VF2 is the 

terminal voltage of the 3rd  battery with respect to ground. 

Lastly the voltage VF4 is the terminal voltage of the 4th 

battery with respect to ground. During constant current stage, 

all the batteries are in series and hence their individual 

voltages Vb1, Vb2, Vb3 and Vb4 can be found from the 

equations tabulated in Table-1. 
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Fig. 13, Balancing and Equalization Scheme 

Table 1 Status of relays and equations to calculate battery 

voltages 

Sl 

No Relay Status  

Equations to calculate Battery 

voltages 

1 1  NC Vb1= VF1- (VF2+VF3+VF4) 

2 2  NC Vb2= VF2- (VF3+VF4) 

3 3  NC Vb3= VF3-VF4 

4 4  NC Vb4= VF4 

5 5  NC  

6 6  NC  

7 7  NC  

When the batteries are disconnected from the series pack 

during balancing & equalization stage, the voltages Vb1, Vb2, 

Vb3 and Vb4 are equal to VF1, VF2, VF3, VF4. These are 

tabulated in Table-2. 

 

 

 

 

 

 

Table 2 Status of relays and equations to calculate battery 

voltages 

Sl 

No Relay Status  Battery voltages 

1 1  NO Vb1= VF1 

2 2  NO Vb2= VF2 

3 3  NO Vb3= VF3 

4 4  NO Vb4= VF4 

5 5 

 

NC/NO 

Depending on the battery 

charge level either NC/NO 

6 6 

 

NC/NO 

Depending on the battery 

charge level either NC/NO 

7 7 

 

NC/NO 

Depending on the battery 

charge level either NC/NO 

The charging current is directly measured using the Halleffect 

current sensor during the entire process of balancing & 

equalization. 
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6. EXPERIMENTAL TEST SETUP 

 
 

The experimental test set up shown in Fig. 14 consists of: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
To validate the proposed work, four experiments were 

conducted and are explained in proceeding sections. 

7. RESULTS AND ANALYSIS  
 

7.1. Basic 3 Step Charging – (Experiment-

1) 

As indicated in the previous section this is the 1st experiment 

out of four of the proposed balancing and equalization method 

for batteries in a battery pack. The scope of this experiment is 

limited to determine the total number of hours that the battery 

pack of 24V, 4.5Ah (consisting of four 6V 4.5Ah batteries in 

series) would consume to charge to 100% SOC.  

Initially, the Lead acid battery bank consisting of 4 x 6 V, 

4.5Ah (24V, 4.5Ah) is discharged to its 10% SOC before it is 

subjected to charging. The charging rate was C10. The 3 step, 

charging process, namely constant current, constant voltage 

and float charging method described in section 3 was adapted. 

Microcontroller was programmed to acquire the voltage and 

current at an interval of 1 hour. The acquired values of both 

voltage and current were displayed on LCD. The values 

displayed on the LCD are tabulated in Table 3. 

 

 

Table 3, Battery pack voltage and time 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The voltage Vbpack shown in Table 10 is the battery terminal 

voltage acquired at the end of every 1hour. The battery pack 

was charged to a maximum voltage of 28.8V (7.2v x 4) as per 

the recommendations in the datasheet. The battery with 

nominal voltage 24V is said to be fully charged when its 

terminal voltage reaches to 28.8V while charging and at the 

same time the charging current would have been less than 3% 

of its maximum charging current. The time noted from this 

experiment is taken as the reference to know the time required 

for balancing and equalizing the batteries in a battery pack. 

The values displayed on LCD are plotted on graph shown in 

Fig.-15. 

 
Fig. 15 Vb Vs Time 3 Steps Charging 

From the graph it should be noted that the battery voltage 

rises linearly. The total time taken by the battery to reach its 

full charge is about 11hours. 
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6 26.39 
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i. 6V, 4.5Ah x 4 batteries connected in series to form 

24V battery pack. 

ii. Current sensor module to measure the current 

drawn by the battery pack while charging. 

iii. Charging voltage switching module with solid 

state devices. 

iv. Signal conditioning circuit to measure 

open/terminal voltages of each battery. 

v. Push button key pad to select options while system 

is being used. 

vi. Microcontroller board with LCD to show the 

messages and control. 

vii. Power regulator to derive relay switch voltage. 

viii. Relay board used to connect the batteries in series 

whenever required and also while equalizing 

them. 
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7.2. 4-Step Charging (Proposed Method-1) 

(Experiment-2) 

In the previous experiment the time required for the 24V 

battery to charge to its 100% SOC was determined. The time 

taken by the battery pack to reach its 100% SOC was 

approximately 11hrs. However it may vary depending on the 

charging current and the SOC% of the battery at the time of 

starting the charging. Now the purpose of the experiment 2 is 

to validate the proposed four step method of balancing and 

equalization by applying it to the battery pack.  

The main objectives of this method are to save power and 

time while balancing and equalizing the batteries/cells in a 

battery pack. This is due to the fact that the existing methods 

do waste energy by dissipation, and takes more time while 

transferring energy from one cell to another.  At the beginning 

of the experiment the battery pack was at 10% of its SOC. 

Then the pack was subjected to a proposed four step balancing 

and equalization method, which consists of constant current 

(Bulk Charging), balancing, equalizing and float steps.  In this 

experiment algorithm-1 is used. 

The initial charging current of the charger was adjusted to 

C/10 rate as per the recommendations. The terminal voltage of 

the battery pack, the charging current are monitored and 

recorded by the microcontroller during the experiment. The 

values were acquired by microcontroller at a regular interval 

of 1 hour. At the end of the 5th hour the current started 

decreasing drastically indicating the end of constant current 

step. At this point of a time the battery bank was at its 80% 

SOC.  The battery pack voltage measured using multimeter 

was 25.2 whereas the value displayed on the LCD was 

24.98V.  

At the end of the constant current step, microcontroller 

acquires the voltages of all batteries in a pack by 

disconnecting them from series connection. The batteries 

connected and disconnected through an optically isolated 

relays. These relays are under the control of microcontroller 

and are operated according to the algorithm under execution. 

Further microcontroller switches to balancing mode of 

operation and connects all the batteries accordingly through 

the respective relay operation.  The auxiliary charger designed 

based on the buck converter is used to balance all the batteries 

simultaneously. The microcontroller keeps monitoring the 

terminal voltages of all the batteries and displays them on 

LCD periodically till the end of balancing step. The step has 

almost taken 6hrs to complete. At the end of this step all the 

batteries were charged and balanced to 7.2V.  

On completion of balancing step, microcontroller switches to 

equalization process and continues for 2 hrs. During this step 

also all the batteries are simultaneously subjected to 

equalization i.e individually they are all equalized. At the end 

of the equalization period the batteries were at 7.4V each. 

Then the batteries are connected back in series to form the 

battery pack of nominal voltage of 24V.  Further, the battery 

pack was switched to float mode by the controller to avoid the 

self-discharge. The charger voltage was lowered to 26.4V 

during float step as per the recommendations. The measured 

values of voltages based on time were displayed on LCD and 

tabulated in Table 4.   

 

 

 

Table 4, Battery pack and individual battery voltages 

From 6th hr to the end of 13 hr the batteries were individually 

subjected to balancing and equalization process.   

The battery pack voltage verses time, and individual battery 

voltages verses time are plotted on graph shown in Fig.-16. 

 

Fig.16 Voltages (Vbpack, Vb1, Vb2, Vb3, & Vb4) V/s 

Time 

As indicated in the Fig.-16, the battery pack reached its 80% 

charge level during bulk charging, which lasted for about 4 

hours. Next the batteries are subjected to constant voltage 

charging and balanced on reaching their maximum charge 

level. This phase lasted for about 6 hours.  Further, the 

batteries are subjected to equalization for 2 hours i.e. 

controlled over charging. Later the batteries are switched to 

series configuration and subjected to float charging. All the 

batteries are subjected balancing & equalization process 

simultaneously. The total time taken for this experiment with 

4 step proposed method is about 12 hours. 
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No 

Time 

Hr 

Vbpack 

Volt 

Vb1 

Volt 

Vb2 

Volt 

Vb3 

Volt 

Vb4 

Volt 

1 0 23.01 
Battery pack charging till it reaches the 80% level, 

Multimeter shows the 80% value to be 25.2V 

whereas microcontroller acquired value is 24.98V. 
2 1 23.49 

3 2 23.92 

4 3 24.61 

5 4 24.98 

6 5 

*** 

6.24 6.25 6.25 6.2 

7 6 6.52 6.53 6.52 6.45 

8 7 6.58 6.58 6.58 6.53 

9 8 6.63 6.6 6.59 6.6 

10 9 6.66 6.64 6.66 6.69 

11 10 7.2 7.2 7.2 7.2 

12 12 7.4 7.4 7.4 7.4 

13 13 29.6 Battery pack voltage after equalization 

14 14 26.4 Float voltage applied after equalization 

15 
15 26.4 
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7.3. 4-Step Charging (Proposed Method-1) 

(Experiment-3) 
The experiment-2 described in section 7.2 was conducted with 

an assumption that the all the batteries/cells in a pack would 

reach to their 80% SOC level at the end of bulk charging step 

and hence algorithm 1 was used. This experiment-3 is similar 

to experiment-2 except that the individual battery voltages are 

recorded during bulk charging process. However, the purpose 

of this experiment is to confirm: 

 

 

 

 

The procedure followed during this experiment was same as 

that of experiment 2 described in previous section 7.2. The 

acquired values are tabulated in Table 5. 

Table 5. Battery pack and individual battery voltages 

(Experiment-3) 

 

From 6th hr to the end of 13 hr the batteries were individually 

subjected to balancing and equalization process 
 

The battery pack voltage verses time, and individual battery 

voltages verses time are plotted on graph shown in Fig.-17. 

 

Fig. 17, Voltages (Vbpack, Vb1, Vb2, Vb3, & Vb4) 

V/s Time. 

This experiment was conducted to understand the behaviour 

and the SoC of the individual batteries from the initial stage. It 

has been observed and noted that the SoCs of all the batteries 

are very close to each other.  

7.4. 4-Step Charging (Proposed Method-1) 

(Experiment-4) 

Experiments described in sections 7.1.to 7.3 are to find the 

time required for charging the battery pack to its 100% of 

SOC, balance and equalize the batteries/cells and also to 

confirm the existence of difference in their SOCs. These 

experiments were carried out on a battery pack having normal 

charge level difference among the batteries/cells. But there 

could be a situation where in the batteries/cells of a battery 

pack may have large difference in their SOCs like 70%, 50%, 

40% and 30% so on. To arrest such type of problem the 

algorithm-2 has been developed. 

To validate the proposed algorithm-2, this experiment-4 was 

conducted to ensure equalization even when the batteries were 

at different SOCs. The other objective of the experiment is 

pave the way for identifying the weakest battery/cell if any of 

them are not improving in their SOC level. To create such a 

scenario, the batteries were discharged to 70%, 50%, 40% and 

30% of their SOC level respectively before subjecting them to 

balancing & equalization. The algorithm steps detailed in 

section 4 were followed during this experiment. The readings 

of the experiments are tabulated in Table 6. 
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1 0 22.98 
5.75 5.74 5.76 5.73 Bulk 

Charging 

2 1 23.36 5.86 5.83 5.85 5.82 

3 2 23.59 5.92 5.89 5.90 5.88 

4 3 24.84 6.23 6.21 6.21 6.19 

5 4 25.01 6.28 6.25 6.25 6.23 

6 5 

*** 

6.32 6.30 6.31 6.29 
Balancing 

 

7 6 6.48 6.49 6.48 6.45 

8 7 6.54 6.54 6.53 6.53 

9 8 6.61 6.6 6.59 6.61 

10 9 6.66 6.67 6.66 6.68 

11 10 7.21 7.20 7.22 7.2 

12 12 7.4 7.4 7.4 7.4 

Equalizati

on 

13 13 29.6 

Battery pack voltage after 

equalization 

 

14 14 26.4 

Float voltage applied after 

equalization 

 

i. Firstly, to find any difference among the battery 

voltages i.e to find the difference in SOC among 

batteries, during bulk charging of battery pack. 

ii. Secondly if there is a difference do they reach 

common value at the end of bulk charging step i.e 

when the pack is at 80% of SOC. 

iii. Thirdly the individual voltage variation with time. 
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Table 6 Battery pack and individual battery voltages 

(Exceptional Case) 

 

From 7th hr to the end of 13 hr the batteries were individually 

subjected to balancing and equalization process. 

During this experiment, battery pack consisting of four 

batteries with varied individual SOCs is subjected to 

balancing & equalization with algorithm-2. The process is 

continuously monitored and controlled by the microcontroller. 

Microcontroller ends the constant current step when the 1st 

battery with highest 70% SOC reached to 80% level as 

described in the algorithm-2. Next, the system disconnects all 

the batteries and puts them individually to bulk charging again 

and now they are powered from auxiliary supply till the 

charging currents of all reduces to less than 3% of maximum 

charging current. This is indicated by serial number 3-6 in 

Table-6. This step is also named as bulk charging as the 

batteries draws more current due to their lower SOCs. 

Next, all the batteries were subjected to balancing and 

equalization and are indicated by serial numbers (7-13) in 

Table-6.  The outcome this experiment is that the battery pack 

consisting of four batteries varied SOCs can also be balanced 

and equalized without wasting energy and time. Another 

advantage of this method is that the weakest battery can be 

easily identified by way continuous monitoring of its SOC. If 

there is no improvement on the SOC of the weakest 

battery/cell and recommendation can be made to replace the 

battery/cell in the pack. Thus the burden on the stronger 

battery can be eased and also the health of the battery pack 

can be maintained within safe operating area with extended 

life. The battery pack voltage verses time, and individual 

battery voltages verses time are plotted on graph shown in 

Fig.-18. 

 

 

 

 

 

 

 
Fig. 18 Voltages (Vb1, Vb2, Vb3, & Vb4) V/s Time        

(Algorithm-2) 

8. CONCLUSION 
In this paper a unique non dissipative 4 steps balancing and 

equalizing process for Lead acid batteries and a unique three 

step balancing and equalization process for other battery types 

have been presented. Two unique algorithms have been 

devised to balance and equalize the batteries. The algorithm 2 

has been devised and validated for the batteries having 

abnormal variations in their state of charge. These methods 

have been compared with the information gathered through 

literature survey and have following advantages over the 

existing methods of balancing and equalizing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The proposed unique three step technique can be safely 

applied to other types of battery banks in future due to its 

simplicity and ease of implementation. Further, these 

techniques may be extended to battery management of all 

electric vehicles and hybrid electric vehicles. 
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No 

Time 

Hr 

Vbpack 

Volt 

Vb1 

Volt 

Vb2 

Volt 

Vb3

Volt 

Vb4 

Volt 

Remark 

1 0 

24.18(50% 

SOC)   

6.20 

(70%) 

6.1 

(50%) 

5.98 

(40%

) 

5.9 

(30%

) 

Bulk Charging  

Battery 

Bank 

2 0.5 

24.58(<70

%) 

6.26 

(80%) 6.17 6.14 6.01 

 

3 1 23.59 - 6.22 6.20 6.08 
Bulk 

Charging  

Batteries 
4 1.5 24.84 - 6.26 6.25  6.15 

5 2 25.01 - - - 6.21 

6 2.5 

*** 

- - - 6.28 

7 3.5 6.31 6.30 6.30 6.31 
Balancing 

(Constant 

voltage) 
8 4.5 6.48 6.47 6.48 6.46 

9 5.5 6.52 6.54 6.53 6.53 

10 6.5 6.61 6.59 6.59 6.62 

11 7.5 6.67 6.65 6.66 6.68 

12 8.5 7.21 7.20 7.21 7.22 

13 10.5 7.4 7.4 7.4 7.4 

Equalizatio

n 

14  29.6 Battery pack voltage after equalization 
 

15  26.4 Float voltage applied after equalization 
 

i. Accelerates the balancing & equalization process of 

batteries as the process is initiated at the end of constant 

current step. 

ii. There is no loss of energy due to nonexistence of 

passive elements in the circuitry. 

iii. There are no active elements to balance and 

equalize the batteries and hence the time required is 

small. 

iv. Since no active elements in the system no transfer 

of energy and no loss. 

v. No complex and specialized circuitry requirement. 

vi. There is a possibility of identifying the weakest 

battery in a pack as the continuous monitoring of their 

charge levels. 

vii. If the charge level of any battery is not improving 

while balancing or equalizing, such battery can be 

recommended for replacement and thus avoiding the 

stress on the strongest battery in a pack. 
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