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Abstract: The efficiency and technical and economic properties of the electric cars depend mainly on the rechargeable traction battery. 

LiFePo4 batteries belongs to the lithium-ion type and has a number of advantages such as high capacity, long life cycle, resistance to fire at 

high temperatures or shock. They have safe and stable over-charging and over-discharging performances. This paper describes the process 

of charging the individual cells of an electric car battery after their over-discharge. 
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1. Introduction

Early vehicles were created to meet the transport needs in the 

settlements. Due to low speeds and low mileage, in the middle of 

the 19th and the beginning of the 20th century the use of electric 

cars and cars with internal combustion engine was equal, but social 

and technical factors gave an advantage in the development of cars 

[1]. The harmful effects of emissions from internal combustion 

engines, the reduction of fossil fuel resources and improvements in 

electric vehicle technology have led to an increase in the production 

of electric vehicles at the beginning of the 21st century. The 

conversion of a car with an internal combustion engine into an 

electric car is one of the possibilities for creating environmentally 

friendly cars [2]. The efficiency and technical and economic 

indicators of the electric car depend mainly on the rechargeable 

battery. Rechargeable batteries used in electric cars and hybrid cars 

can be: lead, nickel-cadmium, nickel-metal hydride, lithium-ion, 

lithium-polymer, metal-air, sodium-sulfur, sodium-metal chloride 

[3, 4]. Lithium-iron phosphate batteries (LiFePO4) belong to the 

lithium-ion and have a number of advantages such as high 

theoretical capacity, long cycle life, resistant to ignition at high 

temperatures or shock. The life cycle of a lithium-ion battery is 

more than 2000 charge / discharge cycles and can reach tens of 

thousands at shallow discharge depths. Cycle life is the number of 

complete discharge and charge cycles that can be expected from the 

battery before it reaches its end-of-life (EOL) [5]. The cells 

LiFePO4 have a nominal voltage 3.2 V per cell and discharge-

charge voltage range of 2.0 V – 3.6 V according to [6]. When 

converting a conventional car into an electric car, several lithium-

ion cells can be connected in series, thus providing a higher voltage 

or in parallel (greater capacity) or both. In the electrical circuits of 

the lithium-ion battery there are always small differences between 

the cells due to the production tolerances. To increase safety and 

increase the life of a newly supplied lithium-ion battery, the cells 

must be pre-balanced and the entire battery pack pre-charged. It is 

mandatory to install a battery management system for the lithium-

ion battery - BMS, i.e. BMS performs the battery monitoring 

function. The BMS monitors the following parameters of the battery 

cells during charging and discharging: currents, voltages, internal 

temperature of the battery or the environment. If any of the 

parameters approaches or exceeds the normal limits, the BMS 

generates an audible or visual alarm and sends a signal to the input 

of the protection devices, which will disconnect the battery from the 

load or the charger [7]. In some electric vehicles, especially those 

converted during long stays, the battery is over-discharged caused 

by consumers such as the alarm system, the auxiliary battery, the 

consumption of BMS, leaks and others. The probability of this 

happening increases with the forced need for a long stay, for 

example in the conditions of COVID-19 quarantine. 

According to [6], an important advantage of lithium-iron 

phosphate batteries is that they have reliable and stable performance 

when recharged, i.e. even if the lithium-iron phosphate battery is 

discharged to 0 V, there will be no damage or accident. However, in 

[8] charge-discharge experiments of lithium iron phosphate

(LiFePO4) battery packs have been performed. Their conclusion is

that the over-discharge has a huge impact on the utilizable capacity

and cycle life of the batteries. In particular, over-discharge may

completely damage the battery when the voltage drops to 0 V, but

the battery does not ignite, explode or smoke. The authors of this 

publication have also performed experiments on over-discharged 

cells with high-current charging, using the on-board charger of the 

electric car. In this experiment, some of the cells deformed 

(swollen). 

In this work the process of charging the battery of an electric 

car after over-discharging of the individual cells is described. 

Charge experiments of lithium iron phosphate (LiFePO4) battery 

have been performed on an electric car. Based on the theory and the 

conducted experiment, a method has been proposed for restoring the 

battery of an electric car after over-discharge, using a low current to 

charge the individual cells to reduce the damage to the battery. 

2. Object of Research and Used Equipment

An object of research was the battery of a converted car with a 

gasoline engine into an electric car with an induction electric motor. 

The electric motor power is 25 kW/120 Nm, the battery is 100 Ah 

LiFePO4 and nominal voltage 3.2 V per cell.  The battery pack 

consists 30 series-connected cells (Fig. 1) as the nominal voltage of 

the whole battery is 96 V and stored energy 9.6 kWh. 

Fig. 1  The battery pack and BMS information display. 

The used cells in this work are model SP-LFP100AHA and 

their characteristic is shown in Fig. 2. 

The characteristic shows that when discharged, the cell voltage 

drops sharply when reaching the moment of complete discharge. At 

low discharged currents the branch is steeper. During a long stay 

without the electric car in motion, when the consumption is minimal 

covering the needs of the alarm system, BMS, leaks, etc., it is 

difficult to predict the moment of complete discharge of the battery. 

In such cases, there is a risk of completely over-dicharge the 

battery. The experience has shown that when charging a fully 

discharged battery with the high current on-board charger 16 A, 

good results are not achieved, therefore the authors have used a 

charger for individual charging of cells with lower current (2 A). 
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Fig. 2 Characteristic of a cell model SP-LFP100AHA [9]. 

To charge the individual cells the used charger is IMAX B6 

LiPro Balance Charger (see Fig. 3) which according to the 

manufacturer is suitable for charging and balancing lithium-ion 

cells without the risk of over-charging.  

Fig. 3 The used balance charger discharger. 

The charger has the ability to charge different types of cells, 

such as the LiFe charging program, provides the following 

parameters: 

• Voltage level: 3.3 V/cell;

• Max. charge voltage: 3.6 V/cell;

• Allowable fast charge current: 4 C or less;

• Discharge voltage cut off level: 2.0 V/cell or higher.

3. Experimental Procedure

An experiment was performed to charge 30 over-discharged 

cells. Their measured initial voltage is shown in Tab. 1. The total 

battery voltage after over-discharging the cells is 56 V. 

Table 1: Battery condition after over-discharging. 

Battery, 

№ 

Voltage, 

[V] 

Battery, 

№ 

Voltage, 

[V] 

1. 0.50 16. 2.10 

2. 0.86 17. 2.10 

3. 1.26 18. 2.13 

4. 1.26 19. 2.14 

5. 1.31 20. 2.16 

6. 1.34 21. 2.18 

7. 1.39 22. 2.18 

8. 1.40 23. 2.22 

9. 1.71 24. 2.22 

10. 1.75 25. 2.25 

11. 1.88 26. 2.27 

12. 1.88 27. 2.28 

13. 2.05 28. 2.30 

14. 2.08 29. 2.35 

15. 2.08 30. 2.39 

When these values are found, the wires of the battery are 

disconnected. The auxiliary battery was disconnected on the fifth 

day, as a decrease in its voltage was observed. 

In the daily measurements of the cells, an increase in their 

voltage is noticed, probably due to their charging by the auxiliary 

battery until the fifth day when it is disconnected. An increase in 

voltage is also observed after that and the authors believe that it is 

due to charging by cells that are already charged by the charger. 

The connection between the individual cells to carry out this 

process probably takes place via the BMS wires. 

In Fig. 4 the increase in voltage in one of the cells due to 

recharging by BMS is shown. 

Fig. 4  Recharging a cell by BMS. 

In Fig. 5 the change in voltage level of a cell charged on the 

fourteenth day is shown. 

From the first to the twelfth day  the recharging process by 

BMS can be seen.  As can be seen in Fig. 5 after charging on the 

fourteenth day, a constant voltage was maintained (over a long 

period of 65 days). In this way, all 30 cells of the battery were 

charged. 

Fig. 5  Voltage level of a cell charged on the fourteenth day. 

After loading all the cells, their condition was checked and no 

deformation (swelling) of the cells was found. The on-board charger 

was used for final charging , thus achieving 100 % charge of the 

entire battery. This was followed by test drives, initially over short 

distances (5÷10 km), which alternated with recharging the battery 

with the on-board charger. The distance traveled during the test 

drives gradually increased, reaching 50÷60 km at a residual energy 

in the battery of 20÷30 %. These values correspond to the initial 

ones before allowing the cells to be over-discharge. 

In Fig. 6 is shown the charger socket while charging the electric 

car with the on-board charger. 
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Fig. 6 Charging the electric car with the on-board charger. 

4. Conclusions

This article describes the process of charging the cells of a 

battery of an electric car after over-discharge and a method for 

charging the individual cells with low current to reduce the damage 

to the battery was proposed. Test drives with the electric vehicle 

were carried out. The same mileage was reached as before the over-

discharge of the battery. This proves that this method achieves good 

battery recovery. The disadvantage of this method is its long 

duration, as the cells are charged one by one individually. The 

duration of the recovery charging process can be reduced by using 

more than one charger of this type. 
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