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Abstract- Lithium-ion batteries have emerged as a 

common energy-storage device in many energy-

harvesting applications such as EV’s, Mobile devices, 

Off-grid power systems. For engineers, maximizing 

battery performance and life cycle requires use of battery 

charging circuitry able to account for the specialized 

characteristics of Li-ion cells. Unlike many other battery 

technologies Li-ion cells require a charging profile 

maintained with a tight envelope. An undercharged Li-

ion battery simply cannot provide its full rated energy 

output. On the other hand, charging circuits cannot 

afford to push Li-ion battery voltage above recommended 

limits or apply charging currents that exceed 

manufacturer-recommended levels. In either case, 

application of over voltage or excessive charging current 

begins to break down Li-ion cells, reducing overall 

battery life or even resulting in catastrophic failures. For 

engineers, the challenge is maximizing charging rate and 

cell voltage without overcharging the cells. In this project, 

we address the cell charging problem in a newer 

perspective and an objective to maximize the charging 

capacity within a minimum time and without crossing the 

recommended levels of battery by the manufacturer. In 

this approach, we are proposing an algorithm which 

charges the battery in two stages. Firstly, in continuous 

incremental constant current mode at the optimum 

charge level till the battery voltage reaches the cut-off 

point and in later stage battery will be charged under a 

constant trickle voltage (constant voltage mode). Using 

this approach, we aim to provide a non-destructive 

charging solution for many applications involving Li-ion 

batteries. 
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I.INTRODUCTION 

A.LI-ION BATTERIES 

With the advantages of zero pollution, high energy 

efficiency, and pluralistic energy sources, electric vehicle 

(EV) has been the new development point of motor 

industry. Li-ion batteries have been widely used in EVs for 

its their high energy density, long cycle life, and high 

safety level. But the battery technology still cannot meet 

the EV demand of long mile range, speedy capacity 

recovery, and low temperature utilization. At low 

temperature, chemical activity of batteries decreases, 

resistance increases, and thus capacity is decreased. 

Charging process is more difficult than the discharging prat 

low temperature. Unlike many other battery technologies 

Li-ion cells require a charging profile maintained under a 

tight envelope. 

 

B.CONSTRAINTS OF LI-ION BATTERIES 

 

An undercharged Li-ion battery merely cannot offer its full 

rated energy output. On the opposite hand, charging 

circuitries cannot afford to push Li-ion battery voltage on 

top of suggested limits or apply charging currents that 

exceed manufacturer-recommended levels. In either case, 

application of over voltage or excessive charging current 

begins to break down Li-ion cells, overall battery life or 

even resulting in catastrophic failures. There are 3 general 

strategies of charging a battery; constant voltage, constant 

current and a mix of constant voltage/constant current with 

or while not a wise charging circuit 

C.CONSTANT VOLTAGE CHARGING 

Constant voltage charging scheme allows the full current of 

charger to flow into battery until the battery reaches its pre-

set voltage.  The current will then decrease to a minimum 

value once a pre-set voltage level is attained.  The battery 

can be left connected to charger until it is used and will 

remain at “float voltage”, trickle charging to compensate 

for battery self-discharge.  A typical example would be a 

low cost auto battery charger for home use or a basic back 

up power systems.  This method enables for fast charging 

175

ISSN NO: 0972-1347

http://ijics.com

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 6, Issue 5, May 2019



and is suitable for lead acid battery types, but not for 

Nickel Metal Hydride (Ni-MH) or Lithium-Ion (Li-ion) 

type batteries. 

D. CONSTANT CURRENT CHARGING 

Constant current is the simplest form of charging batteries, 

with the pre-set current level at approximately 10% of 

maximum battery rating. Charging times are relatively 

lengthy with the disadvantage that the battery maybe 

overheated if it is over-charged, leading to battery 

replacement. This method is basically suitable for Ni-MH 

type of batteries.  The battery should be disconnected or a 

timer function must be used once charged. 

C. SMART CHARGING 

Smart charging involves the use of a Arduino or a micro-

controller to compensate for the temperature rise and adjust 

the charging current and charging time accordingly to the 

battery limitations.This extends life of the battery and is 

used mainly for Li-ion battery types.  This battery 

managing circuit unit can be fixed externally to the charger. 

Constant voltage / constant current (CVCC) is a 

combination of the two methods(Constant current and 

Constant voltge).  The charger limits the current to a pre-

set level till the battery reaches a pre-set voltage charging 

level.  The current then decreases as the battery becomes 

fully charged to its rated level. This system allows fast 

charging without increasing the risk of over-charging and 

is suitable mainly for Li-ion and other battery types. 

 

II PROPOSED SYSTEM FOR DESIGN OF SMART 

CHARGING 

 

Smart charging involves the use of aArduino or a micro-

controller to compensate for the temperature rise and adjust 

the charging current and charging time accordingly to the 

battery limitations.This extends life of the battery and is 

used mainly for Li-ion battery types.  This battery 

managing circuit unit can be fixed externally to the charger. 

Constant voltage / constant current (CVCC) is a 

combination of the two methods(Constant current and 

Constant voltge).  The charger limits the current to a pre-

set level till the battery reaches a pre-set voltage charging 

level.  The current then decreases as the battery becomes 

fully charged to its rated level. This system allows fast 

charging without increasing the risk of over-charging and 

is suitable mainly for Li-ion and other battery types. 

In this approach, we are proposing a smart way of charging 

which charges the battery in two stages. Firstly, in 

continuous incremental constant current mode at the 

optimum charge level till the battery voltage reaches the 

cut-off point and in later stage battery will be charged 

under a constant trickle voltage (constant voltage mode 

A.SYSTEM ARCHITECTURE 

In the task of smart charging, here lie some procedures for 

the design of smart charging system. Initially we need to 

input the supply phase angle parameters to the 

microcontroller. Input supply phase angle is detected 

through a zero cross detector circuitry. The generated zero 

cross reference signal is fed to the microcontroller to mark 

the zero crossing of supply voltage. Using this process full 

control over the output voltage is achieved by employing 

time delay based triggers to trigger the thyristors.  

In order to achieve our goal of smart charging, what we 

need is to take the battery parameters into consideration 

and automatically adjust the charging volatage and currents 

owing to the battery conditions thus forming a closed loop 

feedback system. 

 

The charging voltage and current levels of battery are to be 

set according to the recommended ratings of battery. The 

charging process starts and proceeds automatically by 

adjusting itselves to the battery environment without 

exceeding the ratings of the battery.The battery charges 

itselves in constant current mode upto a preset level of 

charge. After that a constant trickle voltage is given to 

maintain the battery at nominal voltage levels. 

INPUT POWER SUPPLY 

The power input is given through a 230v single phase 

mains socket line. Then the voltage is stepped down to 16v 

initially before rectification stage. A 230/16v transformer is 

used to step down the voltage. The stepped down supply is 

still degraded using a potential divider circuit before 

feeding it as input to the zero cross detector circuit 

ZERO CROSSING DETECTOR CIRCUIT 

A zero crossing detector is a type of voltage comparator 

circuit used to flag out the zero crossing point of 

alternating power supply. Its voltage changes  between 

+vsat and –vsat when i/p crosses the zero reference 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.1Sample zero crossing detector 

 

 

176

ISSN NO: 0972-1347

http://ijics.com

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 6, Issue 5, May 2019



 

 

 

 

 

 

 

 

 

 

 

            Fig 2.2Sample wave form 

HALF CONTROLLED THYRISTOR BRIDGE 

RECTIFIER 

Half controlled thyristor bridge rectifier consists of two 

scrs and diodes. In our project we have used symmetrical 

configuration .In this configuration ac phase supply are 

given between one scr and diode. Output voltage is 

collected at outer ends of scr and diodes. 

The advantage of half controlled briddge is that untimely 

triggers can be avoided effectively.the sample of half 

controlled bridge is as follows 

 

 

 

 

 

 

 

 

 

Sample image of half controlled bridge rectifier 

 

THYRISTOR TRIGGER AMPLIFIER 

Thyristors are controlled devices  they need to  be 

triggered properly with some minimum current called 

latching current. Microcontroller cannot directly provide 

for that latching current.so we are using an op amp to drive 

the current required. In this situation we are using op amp 

in the comparator mode whenever the signal from the 

microcolntroller goes high op amp switches to +vsat thus 

driving the scr 

                   
 

Fig 2.4 Sample trigger amplifier 

CONTROL OF POWER FLOW USING ARDUINO 

The power flow to the battery is completely contolled by 

arduino using a proper logic. 

Initially all the parameters of power supply and  battery are 

taken into consideration. Initially the power supply phase 

angle parameter is fed vinto MC by zero cross detection 

circuit. Battery voltage  isis reduced down and fed into mc 

at one of the analog pins of arduino. The current input to 

battery is measured by hall sensor and is fed back to 

arduino.  The power flow is done according to the 

programming logic in  the part programing for smart 

charging. 

RIPPLE FILTER 

Rectified dc is not  a smooth dc it contains ac ripple sand 

noise due to switching. To eliminate this we need to use a 

large inductor so that the ripples are eliminated. We used a 

10mh inductor as filter .its a toroidal soft ferrite core 

inductor 

 

 

 

 

 

 

 

 

Ripple filter 

 

  B.LIVE DATA ACQUISITION FROM THE SYSTEM 

Initially we need to input the supply phase angle 

parameters to the microcontroller. Input supply phase angle 

is detected through a zero cross detector circuitry. The 

generated zero cross reference signal is fed to the 

microcontroller to mark the zero crossing of supply 

voltage. Using this process full control over the output 

voltage is achieved by employing time delay based triggers 

to trigger the thyristors.  

In order to achieve our goal of smart charging, what we 

need is to take the battery parameters into consideration 

and automatically adjust the charging volatage and currents 

owing to the battery conditions thus forming a closed loop 

feedback system. 

The charging voltage and current levels of battery are to be 

set according to the recommended ratings of battery. The 

charging process starts and proceeds automatically by 

adjusting itselves to the battery environment without 

exceeding the ratings of the battery. 

The battery charges itselves in constant current mode upto 

a preset level of charge. After that a constant trickle voltage 

is given to maintain the battery at nominal voltage levels. 
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C. FLOWCHART 

 

 

 

 

 D.WORKING ALGORITHM 

Input supply phase angle is detected through a zero cross 

detector circuitry. The generated zero cross reference signal 

is fed to the microcontroller to mark the zero crossing of 

supply voltage. Using this process full control over the 

output voltage is achieved by employing time delay based 

triggers to trigger the thyristors.  

In order to achieve our goal of smart charging, what we 

need is to take the battery parameters into consideration 

and automatically adjust the charging volatage and currents 

owing to the battery conditions thus forming a closed loop 

feedback system. 

The charging voltage and current levels of battery are to be 

set according to the recommended ratings of battery. The 

charging process starts and proceeds automatically by 

adjusting itselves to the battery environment without 

exceeding the ratings of the battery. 

The battery charges itselves in constant current mode upto 

a preset level of charge. After that a constant trickle voltage 

is given to maintain the battery at nominal voltage levels. 

E.SCHEMATIC DIAGRAM 

 

 

F.EXPERIMENTAL SETUP 
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               III.OBSERVATION AND RESULTS 

In this project, our objective to maximize the charging 

capacity within a minimum time and without crossing the 

recommended levels of battery by the manufacturer. Input 

supply which is fed to the potential divider after passing 

through it we will have very low voltage and with same 

frequency of that input source of about 50 HZ. Then the 

supply is fed as input to the Zero crossing detector. ZCD 

detects the input sine wave signal and sends the output to 

the Arduino when thereis zero crossover point and gathers 

information about the battery parameters then according to 

the program we have the thyristors to be triggered. 

According to the Thyristors triggered the battery charges or 

does not charge if the battery limits are exceeded. By this 

approach, we aim to provide a non-destructive smart way 

of charging the Li-ion cells within its prescribed limits. 

 TIME OF 

CHARGING 

BATTERY 

VOLTAGE 

OUTPUT 

CURRENT 

          30 minutes 9.6 425mA 

          60 minutes 10.85 361mA 

         110 minutes 11.3 205mA  

         140 minutes 11.82 65mA 

                          IV   CONCLUSION    

In this project, our objective is to maximize the charging 

capacity of the battery within a minimum time and without 

crossing the recommended levels of battery by the 

manufacturer. Input supply which is fed to the transformer 

after passing through it we will have very low voltage and 

with same frequency of that input source of about 50 HZ. 

Then the supply is fed as input to the Zero crossing 

detector. ZCD detects the input sine wave signal and sends 

the output to the Arduino when there is zero crossover 

point and gathers information about the battery parameters 

then according to the program we have the thyristors to be 

triggered. According to the Thyristors triggering the battery 

charging takes place. By this approach, we aim to provide a 

non-destructive smart way of charging the Li-ion cells 

within its prescribed limits.    

  

ACKNOWLEDGEMENT 

 

We gratefully acknowledge the facilities provided by the 

management of the institute i.e.; the computer centre, and 

other facilities. We thank our Executive Director Dr.P. 

Narasimha Reddy for the constant encouragement in taking 

up the research oriented projects from the under graduate 

level. We thank our Dean(Academics) Dr. K..Sumanth for 

the support extended to see that the project is completed in 

time. We also thank our Head of the Department Dr. C. 

Bhargava for the support extended on behalf of the 

department of Electrical and Electronics Engineering                         

                                REFERENCES 

[1] Constant voltage and constant current control 

implementation for electric vehicles (evs) wireless charger 

MarojahanTampubolon, LaskarPamungkas, Yao Ching 

Hsieh, Huang Jen Chiu Department of Electronic and 

Computer EngineeringNational Taiwan University of 

Science and TechnologyTaipei, Taiwan (ROC) 

[2]  D.Anse´an,M.Gonz´alez, J. C.Viera,V.M.Garc´ıa, C. 

Blanco, andM. Valledor, “Fast charging technique for high 

power lithiumiron phosphate batteries: a cycle life 

analysis,” Journal of Power Sources, vol. 239, pp. 9–15, 

2013. 

[3]  L.-R. Chen, “Design of duty-varied voltage pulse 

charger forimproving Li-ion battery-charging response,” 

IEEE Transactions on Industrial Electronics, vol. 56, no. 2, 

pp. 480–487, 2009. 

[4] Y.-H. Liu and Y.-F. Luo, “Search for an optimal rapid-

charging pattern for Li-ion batteries using the Taguchi 

approach,” IEEE Transactions on Industrial Electronics, 

vol. 57, no. 12, pp. 3963–3971, 2010. 

[5] B.K Purushothama and U.Landau ,”Rapid charging of 

Lithium-ion batteries using pulsed current”,Journal of the 

Elecctrochemicalsociety,vol .153,no .3,pp.A533-

A542,2006. 

[6] L. R. Chen, “A design of Duty-Varied Voltage 

Pulse Charger for Improving Lithium-Ion Battery-

Charging Response”, IEEE Trans. Ind. Electron., vol. 

56, no. 2, pp.480-487, Feb.2009. 

[7] Lan-Ron Dung, Jieh-Hwang Yen, “ILP-Based 

Algorithm for Lithium- Ion Battery Charging Profile,” 

IEEE International Symposium on. 

[8] L. R. Chen, J. J. Chen, N. Y. Chu, and G. Y. Han, 

”Current pumped battery charger”, IEEE Trans. Ind. 

Electron., vol. 55, no. 6, pp. 2482- 2488, Jun2008. 

 

 

179

ISSN NO: 0972-1347

http://ijics.com

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 6, Issue 5, May 2019


