
 

International Journal of Advanced Engineering Research and 

Science (IJAERS) 
Peer-Reviewed Journal 

ISSN: 2349-6495(P) | 2456-1908(O) 

Vol-11, Issue-5; May, 2024 

Journal Home Page Available: https://ijaers.com/ 

Article DOI: https://dx.doi.org/10.22161/ijaers.115.7 
 

 

www.ijaers.com                                                                                                                                                                               Page | 45  

Effect of Charging Current Variation on Internal 

Resistance in Lithium-Ion Batteries 

Keshawa Udiatma, S.T.1, Trias Andromeda, S.T., M.T., Ph.D.2, Dr. Iwan Setiawan, S.T., 

M.T.3 

 
1Department of Electrical Engineering, Diponegoro University, Indonesia 

Email: keshawaudiatmaa@gmail.com 
2Department of Electrical Engineering, Diponegoro University, Indonesia 

Email : triasandromeda@lecturer.undip.ac.id 
3Department of Electrical Engineering, Diponegoro University, Indonesia 

Email : iwansetiawan@lecturer.undip.ac.id 

 

Received: 09 Apr 2024, 

Receive in revised form: 11 May 2024, 

Accepted: 22 May 2024, 

Available online: 31 May 2024 

©2024 The Author(s). Published by AI 

Publication. This is an open access article 

under the CC BY license 

(https://creativecommons.org/licenses/by/4.0/) 

Keywords— Current, Internal Resistance, 

Charging, State of Health, Lithium-Ion. 

Abstract— Internal resistance of a battery is affected by the amount of 

charging current and how many charge cycles are carried out. The value 

of internal resistance is also related to the State of Health (SoH) of the 

battery. The smaller value of internal resistance indicates a higher SoH of 

the battery. This paper presents a comparison of internal resistance due to 

variation of charging current. The current values are 500 mA, 1000 mA, 

and 3000 mA. Lithium-ion 18650 batteries which have capacity 1200 mAh 

are charged by these current values. Three batteries are used using three 

scenarios, namely the 500 mA for scenario 1 using the Liitokala-Lii500 

charger, 1000 mA for scenario 2 using the Liitokala-Lii500 charger, and 

the 3000 mA for scenario 3 using the XL4016 constant current (CC) 

constant voltage (CV) charger. Every battery is charged  20 times. Internal 

resistance of each battery is measured using YAOREA YR1030 module 

during experimental work. The data experiments indicate that variation of 

current of 500 mA for scenario 1, internal resistance is increased by 1 mΩ. 

Scenario 2, 1000 mA, internal resistance will extend by 1.4 mΩ. Scenario 3 

which uses 3000 mA, gives the highest internal resistance alteration by 2.1 

mΩ. It can be concluded that the greater values of charging current will 

affect a higher value of internal resistance. 

 

I. INTRODUCTION 

Recently, batteries are widely used for electrical energy 

storage. Batteries can be easily applied to existing 

electronic devices and convenience to users.  

Batteries have many types depending on the use to be        

used, but batteries also have an age where the battery is 

still suitable for use or not, battery life is usually called 

State of Health (SoH). SoH has many parameters to 

determine whether the battery has good performance or 

has decreased performance including the value of internal 

resistance, internal resistance is one of the parameters that 

shows the ability of the battery to conduct electric current. 

The lower the value of the internal resistance, the better the 

battery's ability to flow current. The higher the internal 

resistance value also affects the decrease in battery 

performance to flow current, the energy lost due to the 

large value of the internal resistance will be converted into 

heat, which makes the battery heat faster and battery 

performance will decrease. Lithium-ion 18650 batteries 

were used in research because they have several 

advantages, namely fast charging, long battery life, and 

higher power density. 
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     But in addition to the advantages of lithium-ion 

batteries, lithium-ion batteries also have some 

disadvantages, namely temperatures that can increase 

quickly, prone to overcharge which can damage the 

battery, prone to explode if too hot. The selection of the 

18650 battery is based on the experience of researchers 

that the 18650 battery has better battery life for performing 

charge and discharge cycles with large quantities, and also 

has a more diverse reference module measurement circuit 

than other types of batteries. The author chose to use the 

constant current constant voltage charger method because 

this method is considered the safest method for batteries 

because it combines 2 charging methods that can avoid 

overcharge if the battery remains installed in the module 

when the condition is fully charged. 

 

II. RESEARCH METHODS 

The research method will be divided into two parts, 

namely theoretical basis and research flow. 

2.1 Theoretical Basis 

2.1.1 Lithium-Ion Battery 

The batteries used in this research are lithium-ion 18650 

type batteries. This type of battery falls into the category 

of rechargeable batteries. Lithium-Ion batteries are widely 

used in electronic devices that require high power and 

have a long lifespan. The name "18650" refers to the 

physical dimensions of the battery, which are 18 mm in 

diameter and 65 mm in height, with "0" indicating high 

tolerance. For example, these batteries have a longer 

lifespan when used in electronic circuits equipped with 

protection [1]. 

     These batteries have a standard operating voltage of 3.7 

V and a maximum operating voltage of 4.2 V when fully 

charged. When the voltage is between 2.8 V and 3 V, it 

indicates that the battery is empty. The maximum capacity 

of these batteries is known to reach 3600 mAh, which 

means the battery can provide an electrical current of 3600 

mA for one hour of use [1]. 

The basic component of these batteries is lithium-ion, 

which can be combined with other chemicals such as 

cobalt, manganese, and so on. The advantage of this 

material is its large storage capacity and it does not have 

detrimental memory effects after several charging and 

discharging cycles. However, these batteries are 

susceptible to the risk of fire under certain conditions [1]. 

2.1.2 Internal Resistance 

Internal resistance is a crucial parameter for assessing the 

health condition of a battery. Generally, the lower the 

internal resistance, the better the battery is at delivering 

current to electronic devices. Conversely, if the internal 

resistance increases, the battery will struggle to deliver 

current to electronic devices and may cause excessive heat 

in the battery [2]. This determines whether the battery can 

still be used and provides an indication of its lifespan. 

      Measuring the internal resistance of a battery can be 

done by using a circuit where the batteries are connected in 

a closed loop, with the load directly connected to the 

battery. 

 

 

Fig. 1: Internal resistance tester circuit 

 

In Fig. 1, we can add an RL load to calculate the 

magnitude of the internal resistance (RI) of the battery. 

First, we will use Ohm's law to find the value of the 

current (I) flowing from the battery to the RL load, and the 

calculation can be seen in the following equation (2.1) : 

I = VL  /  RL    (2.1) 

After determining the magnitude of the current (I) flowing 

from the battery to the load, the next step is to calculate the 

voltage drop across the internal resistance. The principle 

used to calculate the voltage drop is using Kirchoff's law, 

which states that the voltage drop across both resistors, RI 

and RL, must be equal to the ideal battery voltage. This 

voltage drop will be symbolized by VI. Where Voc is the 

voltage reading when the circuit is open, measured 

manually using a multimeter. Thus, the calculation to 

determine the value of VI or the voltage drop can be seen 

in the following equation (2.2) :  

VDROP  = VOC – VL   (2.2) 

After determining the value of the voltage drop that occurs 

across the internal resistance, the next step is to find the 

value of the internal resistance (RI) using Ohm's law. This 

can be calculated using equation (2.3) as follows : 

RI  = VDROP / I   (2.3) 

After the calculation above, the value of its internal 

resistance can be determined. This value determines 

whether the battery is still usable or not, as a higher 

internal resistance leads to poorer battery performance. 
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Udiatma et al.                                                    International Journal of Advanced Engineering Research and Science, 11(5)-2024 

www.ijaers.com                                                                                                                                                                               Page | 47  

The increase in internal resistance value in the battery is 

typically influenced by the charging and discharging 

cycles, age, and battery temperature. 

2.1.3 Buck Converter XL4016 CCCV 

The charger module used in this study is the XL4016 Buck 

Converter Constant Current Constant Voltage (CCCV) 

module. This module has the main function of converting 

the DC value of a system to be smaller than its input 

voltage, or in other words, reducing the input voltage [3]. 

The XL4016 module has two loops or multilevel feedback, 

the inner loop, which controls current, and the outer loop, 

which controls output voltage. The XL4016 module is 

depicted in Fig. 2. below. 

 

Fig. 2: Buck converter XL4016 module 

 

The XL4016 module has two components potentiometer 

that functions to adjust the output voltage and another 

potentiometer that functions as a current limiter generated 

by the buck converter. The working principle of the 

XL4016 module is as follows, 

a. Outer Loop (CV mode) 

If the load connected to the module is a resistive load, with 

a resistance value large enough approaching infinity, then 

the resulting voltage at the control block will be relatively 

small, and this control value will become the current 

reference value. The module will activate constant voltage 

mode, meaning the output voltage will track this reference. 

b. Inner Loop (CC mode) 

If the load connected to the module is a resistive load, with 

a resistance value very small approaching zero, then the 

result from the voltage feedback control will produce a 

relatively large control signal (approaching infinity). 

However, because the control signal passes through the 

current saturation block or limiter, what is passed to the 

inner loop is the flowing current, which does not exceed 

the current limit set on the current potentiometer. The 

module will activate constant current mode. 

In conclusion, constant voltage (CV) mode will be active 

when the current value is below the current limit, while 

constant current (CC) mode will be active when the 

current reaches the current limit, indicating that the battery 

charging mode has reached a full or charged condition. 

2.2 Research Flow 

The research procedure begins with determining the type 

of battery to be used, namely the lithium-ion 18650 battery 

with a capacity of 1200 mAh. Subsequently, the internal 

resistance value of the battery is measured using the 

YAOREA YR1030+ Internal Resistance Tester before the 

charging process. Ensure that the battery is in a discharged 

state before conducting the internal resistance 

measurement. The results of the internal resistance 

measurement of the battery can be seen in Fig. 3. below. 

 

Fig. 3: Measuring battery internal resistance 

 

After obtaining the initial values of internal resistance and 

battery voltage before the charging process, the next step is 

to install the battery for scenarios 1 and 2, which involve 

current variations of 500 mA and 1000 mA, using the 

Liitokala-Lii500 charger module. This can be seen in Fig. 

4. below. 

In scenario 1, with a charging current variation of 500 mA, 

the battery takes approximately 2 hours and 5 minutes to 

reach full charge. Meanwhile, in scenario 2, with a 

charging current variation of 1000 mA, the battery requires 

about 1 hour and 10 minutes to reach full charge. After the 

battery is fully charged, the internal resistance and voltage 

values are measured again to gather data post-charging. 

The next step is to assemble the battery charger circuit for 

scenario 3 by connecting a 19V power supply to the 

XL4016 charger module to reduce the voltage to 4.2 V, 

and adjusting the desired output current variation to 3000 

mA. This can be seen in Fig. 5. 

http://www.ijaers.com/
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Fig. 4: Battery charging for scenario 1 and scenario 2 

 

 

Fig. 5: Battery charging for scenario 3 

 

During the charging phase of scenario 3 with a current 

variation of 3000 mA, the battery requires approximately 

35 minutes to reach full charge. However, the time needed 

for the battery to charge from empty to full is considered 

too long. This is due to the charging current supplied by 

the XL4016 module to the lithium-ion battery not reaching 

precisely 3000 mA. This is because the lithium-ion battery 

used in this study does not have a C-Rate specification that 

allows such a high current to flow. 

The ideal time required to charge a 1200 mAh battery 

should only take 24 minutes if the charging current 

flowing from the XL4016 module reaches 3000 mA. When 

charging the battery load, the LED on the XL4016 module 

will be colored red, which means that the module by 

continuously flowing charging current, this condition can 

be referred to as constant current mode. Then the LED will 

be blue when the battery is fully charged which means that 

current is no longer flowing from the module to the 

battery, but the voltage value remains constant to keep the 

battery in full condition, which means the module is in 

constant voltage mode. Once the battery is fully charged it 

then takes measurements of the internal resistance value 

and voltage back to collect data after the charging process. 

The next stage is to assemble the discharging module 

using the Zhiyu ZB2L3 module which is supplied with a 

DC voltage supply of 5 V, the Zhiyu ZB2L3 module has a 

discharge current setting value of 1 A. The installation 

scheme of the discharge module can be seen in Fig. 6. 

 

Fig. 6: Battery discharging system 

 

In this stage, the battery is installed in the Zhiyu ZB2L3 

module to undergo the discharging process with a 

minimum discharge voltage limit of 3V. This value is 

chosen because it is considered safe to discharge the 

battery without damaging it. The discharging process takes 

approximately 1 hour and 25 minutes, and it is considered 

complete when the LED screen flashes continuously, 

indicating that the battery capacity value has been reached. 

After all stages are completed, the process continues with 

the final measurement of internal resistance values for all 

three batteries using the YAOREA YR1030+ Internal 

Resistance Tester module. This process is repeated until 

the internal resistance and battery voltage values are 

obtained after the discharging process. The measurement 

process is repeated 20 times, representing 20 charging and 

discharging cycles. 

The final stage of this research is the creation of a trend 

graph comparing the internal resistance values of the 

batteries when new with the internal resistance values after 

undergoing 20 charging and discharging cycles. 

III. RESULTS 

The process of measuring the internal resistance value of 

the batteries is conducted over 20 charging and 

discharging cycles. These measurements are taken after the 

batteries undergo the charging process as well as after they 

undergo the discharging process. The results of these 

measurements are recorded in graphs that show the 

increase in internal resistance values across the three 

current variation scenarios. These graphs can be seen in 

Fig. 7., Fig. 8., and Fig. 9. 
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Fig. 7: Internal resistance graph of scenario 1 (500 mA) 

 

In Fig. 7., it can be observed that the data for the internal 

resistance value in the charging current variation scenario 

of 500 mA has an initial value of 44.5 mΩ. This value 

increases to 45.5 mΩ, indicating that the battery 

experiences an increase in internal resistance of 1 mΩ after 

undergoing 20 charging and discharging cycles. 

 

Fig. 8: Internal resistance graph of scenario 2       

(1000 mA) 

 

In Fig. 8. it can be seen that the data of the internal 

resistance value in the scenario of a charging current 

variation of 1000 mA, has an initial value of 43.8 mΩ 

whose data increases to a value of 45.2 mΩ, which means 

that the battery experiences an increase in the value of 

internal resistance by 1.4 mΩ after 20 charge and discharge 

cycles. 

In Fig. 9., it is evident that the data for the internal 

resistance value in the charging current variation scenario 

of 3000 mA has an initial value of 41.5 mΩ. This value 

increases to 43.6 mΩ, indicating that the battery 

experiences an increase in internal resistance of 2.1 mΩ 

after undergoing 20 charging and discharging cycles. 

 

 

Fig. 9: Internal resistance graph of scenario 3       

(3000 mA) 

 

IV. CONCLUSION 

From the data obtained in this study, it can be concluded 

that the larger the charging current variation, the greater 

the increase in internal resistance in the battery. In the case 

of scenario 1, with a current variation of 500 mA, there is a 

lower increase in internal resistance, only 1 mΩ. 

Meanwhile, in scenario 2, with a current variation of 1000 

mA, there is an increase in internal resistance of 1.4 mΩ, 

and in scenario 3, with a current variation of 3000 mA, 

there is the highest increase in internal resistance, which is 

2.1 mΩ. The larger the value of the charging current 

variation, the greater the impact on the State of Health 

(SoH) of the battery, as the internal resistance value will 

increase more rapidly compared to the charging process 

using small currents. 

One advantage of using larger current variations is shorter 

charging times. For example, in scenario 3 with a charging 

current variation of 3000 mA, only 35 minutes are needed, 

which is much faster than scenario 1, where a charging 

current variation of 500 mA requires about 2 hours and 5 

minutes. 
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