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Abstract—The paper describes the principle and charging/discharging char-
acteristics of lithium-ion battery. It is as the research objects that Lithium-ion 
batteries with positive and negative materials of LiyMn2O4 and LixC6 were se-
lected. A mathematical model is made for simulating the electrochemical be-
havior of Lithium-ion batteries. It is established that the electrochemical cell 
model and the one RC cell model based on aforementioned. The case of volt-
age, current, temperature, SOC and the charging/discharging characteristics 
were studied. The model is dynamic, and it reflects the transient state of the bat-
tery output. This is part of a laboratory setup used to test power system of an 
electric vehicle or hybrid vehicle to simulate electrochemical energy storage. 
The results show that accurate battery charging/discharging strategy manage-
ment and SOC measurement can be achieved. 
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1 Introduction 

In recent years, environmental problems caused by fuel vehicles and fuel economy 
become more and more serious. The vehicles of new energy, which is green, envi-
ronmentally friendly and economical, is an important goal for economic and social 
development of many countries, but also the future development direction of the vehi-
cle. Electric vehicle (EV) is a vehicle with zero pollution emissions, mileage and fuel 
cars can be mutually comparable electric vehicles. Battery mileage comparable to that 
of fuel-powered vehicles. Cars (electric cars, EV) is a battery as a power source of a 
zero pollution emissions, mileage and fuel cars can be mutually comparable electric 
vehicles. It is reported that load capacity statistics data of new projects in on energy 
storage technology, lithium-ion battery system is the highest capacity of 113.8 MW, 
accounting for 54.7% of the global capacity total in 2015 as stated in [1-3]. In addi-
tion, lithium-ion battery has become the mainstream of automotive power battery. 
Lithium-ion batteries have many advantages, such as high energy density, high open-
circuit voltage, small self-discharge, no memory effect, and so on. Lithium-ion batter-
ies have good prospects for development in the field of electric vehicles. 
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As the driving force of electric vehicles, the battery technology determines how 
healthy and rapidly electric vehicles developing. Therefore, the design and perfor-
mance optimization of lithium-ion batteries has become an important research direc-
tion. Lithium-ion batteries as a typical electrochemical energy storage system, which 
including electrochemical reaction, transfer of mass, charge and heat processes as 
stated in [4, 5]. The research of lithium-ion battery is rich-contented, and complex. At 
present, modern means of electrochemical analysis and instruments, making the tradi-
tional experimental research methods to a certain extent, can clarify the battery mate-
rial on the battery performance mechanism, the nature of the characteristics of the 
material properties, and then evaluate the battery performance, but there is limitations 
of single variables that are difficult to control.  

At the same time, the relative performance and influencing factors of the battery 
system are coupled with each other, and the electrochemical process, which is affect-
ed usually by the battery structure, the battery temperature field, so the traditional 
experimental research methods is difficult to achieve a comprehensive and accurate 
study. 

With the rapid development of computer technology, numerical simulation method 
has become an important way to analyze and solve complex problems, design and 
optimization. In the field of lithium-ion batteries, through the computer numerical 
simulation technology, the establishment of mathematical physics and electrochemi-
cal model can fully and systematically capture the battery working process of the 
interaction mechanism and optimize the battery system design. 

There are some challenges in battery model and numerical simulation method, 
which including the complexity of battery electrochemical reaction, contradictions 
between system simulation speed and simulation accuracy, variability of battery per-
formance within different situation, variability and complexity of battery operating 
environment and battery aging and life. 

The simulation should be involved consider in that precision and real-time; equiva-
lent circuit model taking into account the simulation accuracy and speed; operating 
conditions; full charge release cycle; dynamic charging/discharging cycles; operating 
temperature; charging/discharging current range, and so on. 

2 The principle and charging/discharging characteristics of 
lithium-ion battery 

Lithium-ion battery is mainly composed of two electrodes, electrolytes and porous 
partitions as stated in [6]. The active material lithium ion is provided by a lithium-
containing transition metal oxide such as LiCoO2, LiNiO2, LiMn2O4 in positive 
electrode. The working material for lithium ions embedding in is coke, graphite, 
amorphous carbon and so on in negative electrode. Electrolyte is dissolved in the 
lithium salt of organic solvents, lithium salts are LiPF6, LiAsF6, LiClO4, etc., and 
organic solvents are mainly ethylene carbonate, propylene carbonate, dimethyl car-
bonate and chlorocarbonate. The diaphragm is porous, electrically insulated, and is 
physical barriers between the poles that allow ions to pass through. The separator 
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material of lithium-ion batteries used in are polyethylene or polypropylene. Lithium-
ion batteries comply with the "rocking chair" principle in the charging and discharg-
ing process. When charging, Li + leaving the positive layer of the layered structure, 
under the action of external voltage, through the electrolyte, porous separator, migrate 
to the underlying structure of the negative, and the electrons flow from the positive to 
the negative through external wire. At the time of discharging, Li + leaves the nega-
tive layer of the lamellar structure, through the porous separator, migrating to the 
positive structure of the layered structure, and electrons flow in external circuit to 
form the current, so the chemical energy conversion is achieved.  

The redox reaction occurring at the positive and negative electrodes is: 
Positive reaction: 
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Negative reaction: 
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3 The equivalent circuit model of Lithium-ion battery and 
research method 

3.1 The equivalent circuit model of Lithium-ion battery 

An effective battery model is indispensable in designing important systems such as 
electric vehicles. Sub-items of the battery model should include battery charg-
ing/discharging characteristics, state of charge (SOC) and state of health (SOH) esti-
mation, algorithm development, system optimization, and real-time simulation of 
battery management system design. Among them, the important sub-item is the bat-
tery charging/discharging characteristics, SOC and SOH estimation as stated in [7, 8]. 

Here the Thevenin equivalent circuit model is used. Thevenin equivalent circuit 
model is a battery equivalent circuit model based on resistive and capacitive proper-
ties of batteries and Thevenin theorem. Resistive and capacitive characteristics of the 
battery mainly capacitive impedance raised from polarization phenomena and ohmic 
resistance of the battery as stated in [9, 10]. The capacitive impedance produced from 
polarization phenomena can be simulated with the resistor R and the capacitor C, 
whereby shown in Figure 1. Where R0 is the internal ohmic resistance of the battery, 
R1 and C1 are the polarization resistance and the polarization capacitance, both of 
which form the RC circuit to describe the polarization of the battery. 
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Fig. 1. The Thevenin equivalent circuit model of Li-ion battery 

In the Thevenin equivalent circuit model, the following equations can be obtained: 

 !! ! !!!! ! !!!!" (1) 

 !! ! !!" ! !!" (2) 

 !!"!!! ! !!
!!!"
!"

 (3) 

Where !!!!"!the open circuit voltage of battery, !! is the operating current (when 
charging it is positive, and when discharging it is negative). The Thevenin model has 
relatively simple structure, the elements have clear physical meaning, and can accu-
rately describe the working characteristics of the battery, but the shortcomings of the 
model is the open circuit voltage E as a fixed value, and in the actual work process, 
the open circuit voltage E of the battery will change. So the Thevenin model should 
be extended with several new capacitors and resistors, and the 2RC equivalent circuit 
model of Li-ion battery is established and shown in Fig 2. 

 
Fig. 2. The 2RC equivalent circuit model with two time constant, internal resistance and open 

circuit voltage 
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For system-level development and control applications, because of its relatively 
simplicity, it is preferred use of the equivalent circuit model on battery research. En-
gineering uses the equivalent circuit model to model the thermal-electrical character-
istics of battery, with parametric techniques that combine the model and experimental 
measurements to optimize the nonlinear elements of the equivalent circuit. 

In this paper, the first-order and two-order RC equivalent circuit model is used as 
the circuit model of lithium ion battery with simplicity and good real-time perfor-
mance. The battery charge-discharge behavior and thermal effect are simulated and 
analyzed, and the experimental results are optimized based on the model. 

3.2 The research method 

The first step in developing an accurate battery model is to build and parameterize 
the equivalent circuit to reflect the nonlinear behavior of the battery and the depend-
ency on temperature, SOC, SOH and current. This dependency is unique to the elec-
tro-chemistry character of each cell and needs to be determined based on the meas-
urements on the battery cell. 

SoC is defined as the ratio of the remaining capacity of the battery to the rated ca-
pacity under the same conditions at a certain discharge rate as stated in [11, 12]. The 
formula is as follows: 

 !"# ! !!
!!

! ! !!! ! ! !! !!!!  (4) 

 ! !! ! !!!"
!
!!  (5) 

Where: !!  is the battery remaining capacity, !!  is the battery rated capacity, 
! !! !! for the standard discharge current, and !! is t0-t time the battery release power. 

SoC has four aspects of the significance: (1) to maintain the uniformity of battery 
performance, and ultimately to extend the battery charge and discharge cycle life 
purposes. (2) To avoid the battery over discharge, overcharge, to protect the battery 
and vehicle safety. (3) Rational allocation of energy, more effective use of limited 
energy. (4) Forecast the remaining mileage of the vehicle. 

Power battery SoC estimation problem is a typical non-linear, high precision and 
complex scientific and technical problems, real-time accurate estimation is very diffi-
cult. Many factors affect the battery SoC, summed up mainly include: charge and 
discharge rate, charge and discharge times, polarization effect, temperature, self-
discharge, battery aging. At present, the common research on SoC estimation method 
of power battery mainly includes: discharge experiment method, open circuit voltage 
method, Anshi measurement method, artificial neural network method, Kalman filter 
method and so on. 

An-hour measurement method is the most commonly used method for SoC estima-
tion. It calculates the amount of electricity delivered from the battery or the battery 
power as a simple hour. If the charge and discharge start state is SoC0, then the cur-
rent state of the SoC is: 

90 http://www.i-joe.org



Short Paper—Modeling of Lithium-ion Battery for Charging/Discharging Characteristics Based on Cir… 

 !!! ! !"!! !
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Where !!!is the rated capacity; I is the battery current; ! is the charge-discharge 
efficiency. 

The core idea of Kalman filter theory is to use the minimum mean square error as 
the optimal estimation criterion to find a set of recursive estimation algorithm, which 
is based on the state space model of signal and noise, using the estimated value of the 
previous time and Time estimates of the state variables to obtain estimates of the 
current time. Applying to battery SoC estimates that the battery is seen as a power 
system, SoC is an internal state of the system. The core of the SoC algorithm is a set 
of recursive equations that include SoC estimates and reflect the estimation error and 
covariance matrix. The covariance matrix is used to give the estimated error range. 
This method is suitable for the estimation of linear systems in white noise environ-
ment with high accuracy and real-time performance. 

The discrete system of nonlinear systems can be expressed as: 

 ! ! ! ! ! ! !! ! ! ! ! ! !!!! (7) 

 ! ! ! ! !! ! ! ! ! !  (8)!
It is assumed here that there is no control input, and the process noise is assumed to 

be a Gaussian white noise with a mean value of zero, and the noise distribution 
trix!! ! !is known. Among them, the observed noise!! ! !is also a Gaussian white 
noise with additive mean zero. It is assumed that the process noise and the observed 
noise sequences are independent of each other and have an initial state estimate 
! ! !   and a covariance matrix!! ! ! !. The extended Kalman filter algorithm is as 
follows: 

 

 ! ! ! ! ! ! !!! ! ! ! (9)!

! ! ! ! ! ! ! ! ! ! ! ! ! ! !! ! ! ! ! ! !!! ! !! (10)!

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !! ! ! ! ! ! ! ! ! ! ! !  11)!

! ! ! ! ! ! !! ! ! ! ! ! !!! ! !!! ! ! ! ! !! (12)!
Where the state transition! ! ! ! ! !and the measurement matrix ! ! ! ! !are 

represented by the Jacobian matrix of the sum.!

4 The Result of Simulation of Model and Discussion 

The charging current using steady-state charging to 30A current charging 0.6 
hours, the charging voltage of 4.2V. The discharge using the interval of dynamic 
discharge, each discharge period of 30A current, discharge time of 0.05 hours, as 
shown in Fig. 3. 
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When charging, the battery open voltage curve found that the battery voltage from 
3.7V stable linear growth to 4.2V. When discharging, with the time of discharging 
and discharging depth increases, the battery voltage gradually reduced from 4.2V to 
4.07V, 3.93V, 3.79V, and so on. The battery voltage is reduced once, as shown in Fig. 
4. 

At the same time, the battery temperature changes can be observed by the battery 
temperature - working state curve, charging, with the charging time to increase the 
temperature, up to 34 �, charging stopped, the temperature rise trend, the temperature 
began to decline. When the discharge starts, the battery starts to warm up. At the end 
of each discharge period, the battery temperature begins to drop. As shown in Fig. 5. 

SoC state curve also accurately reflects the charge and discharge process on the 
impact of SoC. Charging process, SoC linear increase. During the discharge process, 
SoC is gradually reduced in each discharge period. As shown in Fig. 6. 

At the same time, some of the details of the charging and discharging process re-
flecting the battery charging and discharging transient characteristics. 

When the charge is stopped and the discharge is stopped, the battery open circuit 
voltage always has a transition mutation: if the charge is stopped, the voltage has a 
reddish process and then recovery to level. When the discharge period is halted, the 
battery open circuit voltage has a downhill and rapid rebound and then resume a 
smooth process. 

The temperature change is also mutated, when battery discharging, from the dis-
charging gap when the temperature is slow down and changes to rapidly rise. When 
the discharge period is suspended, the temperature declines slowly, and thus cyclical 
changes. 

The simulation results reflects that the charging and discharging of the li-ion bat-
tery has complex characteristics, and the model of battery can provide accurate results 
for battery SOC estimation. 

 
Fig. 3. The Current - Time Curve of Lithium-ion Battery in discharging 

92 http://www.i-joe.org



Short Paper—Modeling of Lithium-ion Battery for Charging/Discharging Characteristics Based on Cir… 

 
Fig. 4. The open voltage curve of Lithium-ion battery in discharging 

 
Fig. 5. The temperature curve of Lithium-ion battery in discharging 

 
Fig. 6. The SOC curve of lithium-ion battery in discharging 
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5 Conclusion 

The circuit model of lithium ion battery was established by using the second - or-
der RC circuit model, and the battery was simulated dynamically. Through the pa-
rameter setting, this model can carry on the simulation research in the complex situa-
tion. The current, open circuit voltage, SOC state and battery temperature change of 
the battery under different charge and discharge are studied. This simulation model is 
helpful for the optimization and design of lithium ion batteries. It is as the research 
objects that Lithium-ion batteries with positive and negative materials of LiyMn2O4 
and LixC6 were selected.  

A mathematical model is made for simulating the electrochemical behavior of 
Lithium-ion batteries. It is established that the electrochemical cell model and the one 
RC cell model based on aforementioned. The case of voltage, current, temperature, 
SOC and the charging/discharging characteristics were studied. The model is dynam-
ic, and it reflects the transient state of the battery output. The results show that accu-
rate battery charging/discharging strategy management and SOC measurement can be 
achieved.
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