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Abstract. The present work aims to improve the traction chain system of a leisure electric vehicle equipped 

with a Li-S battery. For that, an equivalent circuit model of the battery was developed and implanted in the 

traction chain model in order to investigate the autonomy of the electric vehicle under different drive-cycles. 

The obtained results show a good quality of the studied vehicle in terms of autonomy and energy 

consumption.  

1 Nomenclature  

A: the amplitude of the exponential zone, 

B: the exponential zone time constant inverse,  

E0: the battery open-circuit voltage,  

i: the battery current,  

it: the extracted capacity, 

K: the polarisation constant, 

Q: the cell capacity, 

Qexp: End of exponential zone capacity    

Qnom: End of nominal zone capacity 

R: the battery internal resistance,  

SOC: State of charge 

V: the battery voltage. 

Vexp: End of exponential zone voltage 

Vfull: Fully charged voltage  

Vnom: End of nominal zone voltage 

2 Introduction  

Batteries play an essential role in electric vehicles. 

Indeed, the characteristics of this latter are directly 

related to the autonomy of the vehicle. Despite this, 

several models ignore this critically important part of the 

traction system model [1-3]. Currently, many 

researchers are interested in predicting traction battery 

performance. In [4], an estimation model of state of 

charge based on machine learning algorithm is proposed 

for the real-time back cloud driving data of electric 

vehicle. Furthermore in [5], current estimation 

algorithm is constructed based on the dynamics of 

simple battery model by utilizing internal capacitance 

update using a set of linear piecewise functions of state 

of charge and open circuit voltage.  

In the present work, we proposed an equivalent 

circuit model permitting to estimate the state of charge 

of battery and give an accurate information about the 

vehicle autonomy and energy consumption. To do so, 

this paper is organized as follows: In first, we presented 

the vehicle specification and the general parameters of 

the battery. The second part is intended to the modelling 

of traction battery. Finally, in the last part of this work, 

we implanted the battery model in the traction chain 

system in order to investigate the vehicle autonomy 

under different speed reference. 

3 Problem presentation 

The considered simulation procedure is illustrated in 

Fig.1. The traction chain going to be studied consists of 

a traction battery connected to a PMSM with flux 

concentration through a conventional six switch inverter 

and a mechanical gear intended for power transmission 

to the vehicle’s wheels. The traction chain modeling and 

speed control process are detailed in [6]. Such process 

was carried out with consideration of the thermal effect 

on the vehicle propulsion system. In fact, the 

electrothermal model, Fig.1, permitting to have a real 

information about the thermal state of electric vehicle’s 

powertrain and losses dissipation during vehicle 

circulation, which makes it easier to predict the level of 

current and the powers that the traction battery must 

provide. The adjustment of the speed regulator 

parameters (Ki, Kp) by fuzzy logic permitting to acts on 

this latters to adjust them during the process of control 

and make the PI controller adaptable to instantaneous 

variation of vehicle’s characteristics under thermal 

effect during a drive cycle. 

The Vehicle specification and the general 

parameters of the traction battery are respectively 

illustrate in Table1 and Table.2. The modelling of the 

traction battery is the focus of the next paragraph.  
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Fig. 1. Simulation procedure.  

Table 1. Vehicle specification. 

Parameter Value 

Nominal power 15 kW 

Voltage 300V 

Basic velocity 30 km/h 

Maximum speed of the 

vehicle 
80 km/h 

Vehicle mass 800 kg 

Wheel ray 0.26 m 

 

Table 2. General parameters of the electric battery. 

Parameter Value 

Maximum Charge  80 Ah 

Nominal Voltage  305 V 

Stored Energy  24.2 kWh 

Minimum Voltage / Maximum 

Voltage  
 290/320 V 

Initial Charge  100 

Number of Cells per Cell-Row  26 

Number of Cell-Row  1 

Internal Resistance 

charge/discharge  
1/1 Ω 

Operating Temperature  30 °C 

Specific Heat Transition 0.08 W/K 

Specific Heat Capacity 
1650 

j/kg*K 

Mass of Battery 173 kg 

Battery Price 250 Є 

4  Equivalent circuit model of battery  

At this stage, we assumed that the thermal effect on the 

battery parameters is negligible. The proposed 

equivalent-circuit model of the battery is shown in Fig.2. 

Such model is suitable for all battery types. It describes 

the voltage of the output battery variation according to 

the charging/discharging current [7-8]. The equation of 

the battery output voltage is given for the discharge and 

charge modes by the following equation: 

 • Charge mode:   

𝑉 = 𝐸0 + 𝑘
𝑄

𝑄−𝑖𝑡
𝑖𝑡 + 𝑘

𝑄

𝑖𝑡−0.1𝑄
𝑖 + 𝑅𝑖 + 𝐶  (1) 

 • Discharge mode: 

 𝑉 = 𝐸0 + 𝑘
𝑄

𝑄−𝑖𝑡
𝑖𝑡 + 𝑘

𝑄

𝑄−𝑖𝑡
𝑖 + 𝑅𝑖 + 𝐶      (2) 

 The simplest and most direct method to estimate the 

state of charge for a battery is the Coulomb counting 

method [9]. Such method consists of the integration of 

the current. The mathematical expression of the 

Coulomb counting is defined by equation (3):  

 𝑆𝑂𝐶(𝑡) = 𝑆𝑂𝐶(0) − ∫
𝐼𝑡

𝑄

𝑡

𝑡−1
𝑑𝑡   (3) 

 
Fig. 2. Equivalent-circuit model. 

All the parameters are available from the 

manufacture’s datasheet. However, the amplitude of the 

exponential zone and the exponential zone time constant 

inverse should be calculated from the discharge curve of 

the battery using respectively the equations (4) and (5) 

[10-11].  

 Fig.3 shows the battery parameters extraction 

procedure based on the discharge curve. To calculate 

"E0" we used the equation (7). Fig.4 shows the electric 

vehicle simulation model.  

 

 
Fig. 3. Battery parameters extraction procedure based on the 

discharge curve [11]. 
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    𝐴 = 𝑉𝑓𝑢𝑙𝑙 − 𝑉𝑒𝑥𝑝    (4) 

          𝐵 =
3

𝑄𝑒𝑥𝑝
    (5) 

 

        𝐶 = 𝐴𝑒(−𝐵𝐼𝑡)    (6) 

      𝐸0 = 𝑉𝑓𝑢𝑙𝑙 + 𝐾 + 𝑅. 𝑖 − 𝐴   (7) 

 

 
Fig. 4. Electric vehicle simulation model.

5 Results and discussion 

The In order to investigate the autonomy of the electric 

vehicle under different speed reference, two drive cycle 

are considered: the WLTC class and the Japean 10-15 

mode. Table.3 shows the drive cycle characteristics. 

Table 3. Driving cycle characteristics. 

Cycle 
Duration 

(s) 

Average 

Speed (km/h) 

Distance 

(km) 

WLTC class 1 1022 28.5 8.091 

Japean 10-15 

mode 
660 22.7 4.15 

 

The analysis of the vehicle responses, Fig.5, shows 

that the vehicle speed follows the desired instructions 

with very satisfactory precision and rapidity. Indeed, the 

response is practically stuck to the instruction imposed 

on the system input. Fig.6 and Fig.7 respectively 

illustrate the evolutions of the stator current as well as 

the electromagnetic torque developed during each drive 

cycle. This figures show that all the parameters change 

following the speed variation without exceeding the 

limits required by the specifications. 

As Fig.8 shows, the battery respectively loses 2.13% 

and 2.7% of its charge, on the Japean 10-15 mode and 

WLTC cycles. The energy consumption values and the 

vehicle autonomy are obtained from the simulations 

results, Table.4. The comparison of such values with 

those of electric vehicles currently in the world [12], 

reveals that the studied vehicle more efficient than 

several of these latter in term of autonomy and 

consumption. In fact, the average range of Renault 

Twizy and Citroën AMI are respectively about 90 and 

70 km, while it exceeding 190 km for the studied 

vehicle.  

Table 4. Simulation results 

Cycle   
Energy consumption 

(Kwh/100Km) 

Autonomy 
(Km) 

WLTC class 1 8.03 301.3 

Japean 10-15 

mode 
12.25 197.5 

 

 

 
Fig. 5. Vehicle response. 
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Fig. 6. Evolutions of stator current. 

 

Fig. 7. Evolutions of electromagnetic torque.  

 

Fig. 8. State of charge for battery.  

 

6 Conclusion  

The present work deals with the development of an 
equivalent electric circuit for a Li-S traction battery in 
order to estimate its state of charge and have an accurate 
information about the vehicle autonomy under different 
speed reference. The obtained results show the good 
quality of the studied vehicle in terms of autonomy and 
energy consumption compared to some electric vehicle 
presented currently in market. The improvement of the 
traction system model will continue with the analysis of 
the thermal effect on the battery characteristics which are 
neglected in this work. In fact, this work present the first 
step towards the development of an advanced traction 
system model equipped with a hybrid power source, 
energy recovery system and a cooling system. 

This work is mainly funded and supported by the Tunisian 
ministry of high education and research, Tunisia. 
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