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Abstract: lithium-ion batteries are easily affected by the ambient temperature in 

actual work, and their charge-discharge performance may be different under different 

thermal field effects. In this paper, Panasonic 18650 lithium-ion battery is selected as 

the research object to build an experimental platform. Under different thermal field 

effects (-10°C, -5°C, 0°C, 15°C and 30°C), the battery is charged and discharged. The 

influence of thermal field effect on the performance of lithium-ion power battery is 

analyzed. The results show that within a reasonable temperature range, the higher 

the test environment temperature, the higher the battery charge and discharge 

efficiency, and the better the battery performance. Low temperature will reduce the 

battery charge and discharge efficiency and weaken the battery performance. 
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1. Introduction 

As the power source of new energy vehicle, the main responsibility of power battery 

is to provide continuous operation power for new energy vehicles and ensure safe, 

stable, economical and green operation[1-3]. Lithium-ion battery is a new type of 

high-energy battery that was first introduced to the market by Sony Corporation of 

Japan in 1990. Lithium-ion battery has the advantages of small size, large capacity, 

light weight, no memory effect, no pollution, and long battery cycle life, which has 

been widely used in electric vehicle[4-6]. 

The charge-discharge performance of lithium-ion battery is an important indicator to 

measure the performance of the battery, and it is also an important parameter 

involved in the design of the battery management system, which determines its 

performance, safety, life and cost. The research of electric vehicle range needs to 

consider the influence of battery charge-discharge performance, and the charge-

discharge performance of lithium-ion battery is closely related to thermal effect. 
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The thermal effect has a great influence on the charge-discharge performance of 

lithium-ion power battery, which is mainly reflected in the battery capacity, internal 

resistance, electrochemical reaction degree, battery cycle life, consistency, 

etc.[7,8].Generally, the suitable working temperature of lithium-ion battery is between 

10-30 ℃[9].In a low temperature environment, the charge-discharge performance of 

lithium-ion batteries would be attenuated to a certain extent, and charge and 

discharge of the battery would become more difficult, which could greatly affect the 

charge and starting of electric vehicle in low temperature environments. When the 

temperature is too high, the side reactions would be accelerated and the attenuation 

would be increased (approximately, the service life would be reduced by half for every 

15°C increase in temperature). The range of ambient temperature (-30-50°C) for 

automotive power battery is very wide, which is a major problem in battery thermal 

management that could affect the wide application of electric vehicle. 

This paper concentrates on the Panasonic 18650 lithium-ion battery as the research 

object, and a test system is constructed to test the charge-discharge performance of 

the lithium-ion battery in a constant temperature environment. On this basis, the 

influence of thermal effect on the charge-discharge performance of lithium battery is 

studied, which could provide a basis for the study of the performance of lithium-ion 

battery under different working conditions. 

 

2. Test system construction 

The battery charge and discharge test system MACCOR M4300 (Figure 1) is a 

multifunctional, fully automatic, programmable test desktop battery test system. The 

main parameters of the method are shown in Table 1. 

 

Fig.1 MACCOR M4300 battery tester 
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Table 1 Parameters of the battery tester 

Content Parameters 

Name Benchtop Battery Tester 

Type M4300 

Current Range 5A/150mA/5mA/150μA 

Current 

Accuracy 
±0.01% FS 

Voltage Range 0~5V/-5V~+5V 

Voltage 

Accuracy 
±0.02% FS 

Operating Mode 
constant current, constant voltage, constant power, constant 

resistance, waveform mode, formula mode 

Equipment Size 64cm(D)×46cm(H)×23cm(W) 

In order to ensure the constant temperature environment of the thermal field, this 

experiment needs to use a thermal cycle platform. Through the connection of a 

professional data acquisition line, various parameters of the battery can be read in 

real time, so as to improve the test accuracy and reduce errors. Tuode power battery 

temperature cycle test system (Fig.2) can meet any thermal field effect simulation 

required for the test. By setting the working environment such as temperature and 

humidity and connecting the power battery test platform, it can provide the settled 

thermal field effect for the power battery during charge and discharge. The main 

technical parameters of the temperature cycle test system are shown in Table 2. 

 

Fig.2 Tuode power battery temperature cycle test system 

 

Table 2 Parameters of the battery temperature cycle test system 

Content Parameters 

Name Tuode power battery temperature cycle test 

system(TK8070) 

Range －40℃~＋150℃ 
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Accuracy ±0.01℃ 

Fluctuation ≤±0.05℃ 

Deviation ≤2℃ 

Uniformity ±2℃ 

Heating and Cooling 

Speed 

2~3℃/min for heating, 1℃/min for cooling 

Noise <65dB 

Power ≥10kW 

In order to study the performance of the battery under a thermal field, the battery 

used in this experiment is a Panasonic cylindrical 18650 lithium-ion battery. The 

positive electrode material of the battery is nickel-cobalt-manganese ternary material, 

and the negative electrode material is artificial graphite. The main parameters are 

shown in Table 3.  

Table 3 Main parameters of Panasonic 18650 lithium battery 

Parameters Value 

Type NCR18650B 

Size 18mm×65mm 

Working Temperature 0～+50℃ 

Discharge Temperature -20～+60℃ 

Rated Capacity 3 Ah 

Rated Voltage 3.6V 

Charge Cut-off Voltage 4.2±0.03V 

Discharge Cut-off Voltage 2.75V 

Maximum continuous discharge current 4.87A 

A suitable battery fixture is an important factor to ensure the smooth and orderly 

performance of the lithium-ion battery performance test. As the lithium-ion battery 

will accumulate too much gas during the test, such as H2, CO, CO2, etc., which will 

cause the expansion and bulging of the lithium-ion battery, so as to affect the electrical 

performance and safety of the lithium-ion battery.  It is necessary to install special 

fixtures for lithium-ion battery before the test. In addition, due to the special shape 

and structure of the cylindrical lithium-ion battery, it is difficult to connect with the 

equipment stably, and special clamps are required. Fig.3 shows the clamping method 

and installation of the cylindrical lithium-ion battery. The B+ and B- marked on the 

fixture represent the positive and negative electrodes of the current, respectively, and 

S+ and S- represent the positive and negative electrodes of the voltage, respectively. 

During the experiment, the positive electrode of the battery needs to be connected to 

the B+ and S+ of the fixture, and the negative electrode is connected to B- and S- to 

measure the voltage and current of the battery in real time, and upload the measured 



Volume 9 Issue 5 2022 
 

48 

data to the computer through the exclusive channel of MACCOR. 

 

Fig.3 Gripping mode and installation of lithium battery 

 

3. Test method 

In order to protect the power battery, all charge experiments adopt the constant 

current and constant voltage charge mode. The battery terminal voltages at different 

temperatures (-10℃, -5℃, 0℃, 15℃) are tested. The specific experimental scheme 

is as follows (take 15℃ as an example): 

After the battery pack is connected, turn on the temperature cycle system to set the 

test temperature to 15°C. Wait until the temperature in the box reaches the set 

temperature and keep the temperature for 1 hour before conducting the experiment. 

After standing for 1 hour, charge the battery to 4.2V with a current of 1C, and charge 

it with a fixed voltage of 4.2V. The standard for stopping charge is lower than 0.05C. 

During the test, the battery parameter sensor on the connecting line of the battery 

monitors the battery working condition in real time, collects the parameters and 

uploads them back to the tester. 

By controlling the different discharge rates (1/3C and 1C) at the same temperature, 

the voltages at different discharge rates at different temperatures are obtained 

according to the above process. As a result, the law among thermal field effect, charge 

and discharge rate and terminal voltage is derived. 

 

4. Results and Discussion 

4.1 battery characteristics at 1/3C charge-discharge rate under different 

temperatures 

At 1/3C discharge rate, the actual discharge current is 1A. It can be seen from Fig.4 

that the voltage drop at -10°C is the largest, and the battery capacity is the smallest 

at this time. With the increase of temperature, the battery capacity gradually increased. 

And the voltage drop at 15 °C is the smallest. Different temperatures have different 

effects on the terminal voltage of the battery, which indicates that the thermal field 

effect has a certain impact on the capacity under the working state. And the low 

temperature inhibits the internal chemical reaction of the lithium battery within a 

certain range of temperature, which tends to reduce the capacity of the battery and 

affect the battery discharge process. When the temperature gradually increases, the 
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internal chemical reaction of the battery is promoted, and the battery capacity 

increases. And different temperatures have different effects on the battery capacity 

under the 1/3C discharge rate. 

 

Fig.4 Battery terminal voltage during discharge under different temperature at 1/3C 

rate 

 

Fig.5 Battery terminal voltage during charge under different temperature at 1/3C 

rate 

At 1/3C charge rate, the actual charge current is 1A. It can be seen from Fig.5 that 

the voltage at -10°C quickly rises to between 3.35V and 3.45V, and the voltage is the 

largest at this time. As the temperature increases, the voltage rises to between 3.25-

3.35V at 15°C, and the voltage is the smallest at this time. Before the charge starts, 

the battery terminal voltage is all at the equilibrium voltage of between 3.25V. After 

the charge starts, the battery terminal voltage rises rapidly, and the lower the charge 

temperature, the more obvious the battery terminal voltage rises. This is because 

when the temperature is low, the diffusion resistance of lithium ions inside the battery 

is large, resulting in a large ohmic internal resistance of the battery itself, resulting in 

a large change in the terminal voltage of the battery at the beginning of charge. 

4.2 battery characteristics at 1C charge-discharge rate under different temperatures 

At 1C discharge rate, the actual discharge current is 3A. It can be seen from Fig.4 that 
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the voltage drop at -10°C is the largest, and the battery capacity is the smallest at this 

time. With the increase of temperature, the battery capacity gradually increased. And 

the voltage drop at 15 °C is the smallest. Different temperatures have different effects 

on the terminal voltage of the battery, which indicates that the thermal field effect has 

a certain impact on the capacity under the working state. And the low temperature 

inhibits the internal chemical reaction of the lithium battery within a certain range of 

temperature, which tends to reduce the capacity of the battery and affect the battery 

discharge process. When the temperature gradually increases, the internal chemical 

reaction of the battery is promoted, and the battery capacity increases. And different 

temperatures have different effects on the battery capacity under the 1C discharge 

rate. 

 

Fig.6 Battery terminal voltage during discharge under different temperature at 1C 

rate 

 

Fig.7 Battery terminal voltage during discharge under different temperature at 1C 

rate 

At 1C charge rate, the actual charge current is 1A. It can be seen from Fig.7 that the 

voltage at -10°C quickly rises to between 3.7V and 3.8V, and the voltage is the largest 
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at this time. As the temperature increases, the voltage rises to between 3.45-3.65V at 

15°C, and the voltage is the smallest at this time. Before the charge starts, the battery 

terminal voltage is all at the equilibrium voltage of 3.25V. After the charge starts, the 

battery terminal voltage rises rapidly, and the lower the charge temperature, the more 

obvious the battery terminal voltage rises. This is because when the temperature is 

low, the diffusion resistance of lithium ions inside the battery is large, resulting in a 

large ohmic internal resistance of the battery itself, resulting in a large change in the 

terminal voltage of the battery at the beginning of charge. 

 

5. Conclusion 

As can be seen in Fig.4 and Fig.6, the higher the temperature, the greater the capacity 

of the battery, and the better the discharge capacity of the battery. However, under 

the same thermal field effect, the higher the discharge rate, the greater the slope of 

the characteristic curve. So it can be concluded that a lower discharge rate and high 

temperature can enhance the discharge performance of the battery, and a higher 

discharge rate and low temperature can inhibit and weaken the discharge performance 

of the battery. 

As shown in Fig.5 and Fig.7, the higher the temperature, the lower the battery cut-off 

voltage, and the better the battery's charge ability. At the same temperature, with the 

gradual increase of the charge current, the lower the battery's terminal voltage, the 

larger the battery capacity, the better the battery's charge ability. It can be seen that 

higher charge rate and higher temperature can enhance the battery's charge 

performance, while lower charge rate and low temperature will inhibit and weaken the 

battery's charge performance. 
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