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Abstract- This paper deals with a stand-alone photovoltaic panel supplied by an asynchronous 
motor ASM through an inverter, drive for an electric vehicle. Lead Acid battery technology is 
added to the photovoltaic system in order to verify the continuous operation of the ASM under 
cloudy weather or night. As a means of adjustment, we use a DC-DC converter to regulate the 
input voltage to a required output voltage as well as the DC-AC inverter is controlled to supply the 
ASM motor. Solar PV stand-alone system employing ASM drive is modeled in 
MATLAB/SIMULINK environment using the Sim power system toolboxes. The performance of our 
system is verified under the suitable result of torque and speed response of the asynchronous 
motor in the Charging/Discharging cycle of the battery bank. 
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1. INTRODUCTION 

As time progressed, even if the internal combustion engine spreads and makes life easier 

for most people, but there were a number of major drawbacks. Gasoline, when burned, 

forms a number of gaseous by-products, consisting primarily of carbon dioxide, but also 

containing traces of other gases such as carbon monoxide and lead-containing compounds. 

The increasing levels of these gases are causing gradual damage to the ozone layer in the 

Earth’s atmosphere. Besides the environmental pollution has become more and more harm 

and damage to nature [1].  

For this purpose, electric vehicles EV are a good means to solve the environmental 

problems and to have an efficient system in nature. A typical EV is driven by an electric 

motor and usually contains a rechargeable battery bank. The use of electricity from 

renewable energy sources is becoming dominant, which includes wind, marine and ocean 

flows, geothermal energy, and solar energy. The photovoltaic sector is the largest and most 

dynamic employer of renewable energy worldwide with the growing need for innovative 

and creative research. Solar energy is a continually advancing technology, and as 

photovoltaic (PV) solar cells are being made more efficient, the photovoltaic systems are 

placed under two various installations. The first one is the on-grid photovoltaic 
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installations; it allows to produce some electricity to send it to the national electricity 

network. The other installation is the stand-alone photovoltaic system. It is an installation 

which produces some electricity to store in the battery storage system.  Solar powered cars, 

standalone photovoltaic systems, are more and more popular nowadays because they are 

really economical and eco-friendly system for the environment. The use of electric vehicles 

EVs supplying with solar energy date back to the late 1970s and early 1980 [2]. So, the 

primary motivation behind our thesis was to improve the asynchronous motor drive systems 

supplied by a photovoltaic panel.  

Appelbaum and Bany [3] analyzed the performance of a system, consisting of a permanent 

magnet DC motor powered by a solar cell generator. Later, Appelbaum [4] studied the 

dynamic behavior of a photovoltaic panel associated directly with a DC motor for water 

pumping. Roger [5] showed that a load such us centrifugal pump, driven by a DC motor, 

represents a load matched to the characteristics of PV generator. In a former work, the 

dynamic performance of a PV generator involving a system, permanent magnet motor 

associate at a centrifugal pump, was studied by Anis and Metwally [6]. Recently Betka [7] 

presented the performance optimization of an asynchronous motor associated with a PV 

generator. 

In this work, the dynamic performance of a system which uses an asynchronous motor, is 

studied. The efficiency of our PV-ASM model simulation is indicated in the suitable result 

of torque and speed response of the asynchronous motor. The electric model of the system 

is simulated using the software MATLAB/SIMULINK for various solar illuminations and 

temperatures. 

2. MATERIALS AND METHOD 

2.1. System structure 

In this work, as shown in Fig. 1, our simulation is based on two main components that are 

an electric motor system supplied by the photovoltaic generator drive for the solar electric 

vehicle. Solar EV is used as a good mean in order to eliminate the energy problem and the 

use of PV panels is a natural choice for such applications. Thus, the efficiency and the 

continuity of operation of ASM is fulfilling thanks to a charging unit. It takes as inputs the 

environmental condition (temperature and irradiation). Stator/Rotor current, motor speed, 

and the electromagnetic couple are the outputs as a function of solar irradiation level and 

temperature. 

Charge 

Controller

DC             

AC

Vehicle

Charging Unit

Inverter

Photovoltaic Panel

 

Figure 1 driving an electric vehicle by a photovoltaic generator 
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2.2. Modeling of the system component 

2.1.1. Simple electrical model of PV module 

The PV panel is designed for a 1.2 kW peak power capacity. According to design 

considerations, one solar module consists of 128 cells in series. Each module, SPR-455J-

WHT-D “of SunPower, has an open circuit voltage of 90.5 V and short circuit current of 

6.32 A. The simplest model of the photovoltaic module is based on a simple model of a 

photovoltaic cell as appears in Fig.2. It consists of current source, which models the 

photocurrent, associated in parallel with diode represents the PN junction. Thus, we added 

two resistances Rs and Rp, representing the losses of the cell [8]. 

 

                                         Figure 2 Ideal photovoltaic cell model 

 

The table below recapitulates all parameters value of “SPR-455J-WHT-D “of SunPower 

Manufacturer.  

 
TABLE I. Electric characteristic of SPR-455J-WHT-D of  SunPower 

 

Parameters Value 

   Pnom Peak Power at STC (manufacturer) 455Wc 

 Technology Si-mono 

   Sm Total surface of the module 2.16m² 

   Nb Cells number 128 

   Tref Reference Temperature 298K 

   G reference  Irradiance  1000 W/m² 

   Vco the voltage at open circuit  90.5V 

   Isc the current at short circuit  6.32 A 

  T_coef Temperature Coefficient at Isc 3.5 mA/°C 

 

The output current I [A], of PV module is expressed by: 
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Where Iph is the photocurrent [A], Ir is the current into resistance Rs[A], Id is the diode 

current, I0 is the reverse bias saturation current (or scale current), Vd is the voltage across 
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the diode, k is the Boltzmann constant, T is the absolute temperature of the PN junction, q 

is the magnitude of charge of an electron and G is the irradiance. 

Gref and Tref are the irradiance and temperature reference at Standard Test Condition STC 

(G=1000W/m² and T=25°C), Ki is the coefficient temperature of the short-circuit current 

(A/K), G is the solar irradiance presented as an input model (W/m²) and A_f is the Ideality 

factor. 

2.1.2. Battery 

According to the Ragon diagram, as shown in Fig.3, there are two main parameters that 

make it possible to differentiate between the different types of energy storage; which are 

energy density and power density. The supercapacitors have a very high power density but 

a very low energy density, while the batteries have a low power density and high energy 

density. In order to fulfil the reliability of the system, we need to add the two, pack of 

batteries and supercapacitors, for steady state and transient operation of ASM.  In the 

primary motivation of our thesis, the primary energy source is the battery bank. The battery 

bank usually consists of a number of individual batteries connected in series or parallel. 

Each battery in the bank is typically 6 or 12V, and multiple batteries are connected in series 

or parallel to obtain the desired system voltage. 

    

Figure 3 Specific energy and specific power of             Figure 4 Simulink Model of Battery 

     Energy Storage technologies (Ragon diagram) 

 

2.1.3. Analytical Model of the charge controller:  

The control scheme of our PV system supplied by PV panel is discussed in two parts. The 

first one is the control of the boost converter in order to maximize the PV energy 

production by extracting the maximum of power and to maintain constant DC link voltage. 

The second one is the inverter control to achieve fast dynamic response under a change in 

solar irradiance and load conditions. 

To maximize a photovoltaic (PV) system's output power, continuously tracking the 

maximum power point (MPP) of the system is necessary. We need to add an algorithm for 

extracting the maximum power under a given irradiance conditions and panel’s 

temperature. An MPPT algorithm will select the best point of the I-V curve and the 

optimum solar power will be delivered to the load from P-V characteristic. An MPPT can 

determine the suitable power of solar array even in changes of temperature and irradiance. 

 Thus, in order to protect the battery life, charge controller may prevent it from deep 

discharging and overcharge to preserve its performance throughout his life cycle. Solar 
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Charge Controllers allow to adjust or regulate the power output or the DC output voltage of 

the PV panels to the batteries. In order to power our panel to the battery, the output voltage 

of the PV becomes the same as the DC voltage required for charging the battery. The 

generated current has been optimized by the addition of a maximum power point (MPP) 

tracking algorithm. The charge controller provides the duty cycle of the DC-DC boost 

converter, is used to feed the active power from the PV panel to the DC link capacitor 

connected to the battery and DC-AC inverter, as depicted in Fig.5. 

 

Figure 5 Subsystem implementation of DC-DC converter and charge controller 

 

2.1.4. Asynchronous Motor 

With the development of control techniques for AC motor, the electric vehicle makes the 

use of AC motor as a suitable type of motorization. An electric motor is an electrical 

machine that converts electrical energy into mechanical energy and mechanical energy to 

electrical energy if our machine is a generator. Today, there is a different type of motors 

such as synchronous and asynchronous motor, switched reluctance motor, brushless AC 

motor… By taking into account the feasibility and the facility of use and making in 

consideration the advantages and disadvantages of each type of motor, we choose the 

induction motor to our PV-MOTOR model because it is less expensive than another one, all 

the parameters value of the asynchronous motor is shown in the table II.  It is taken from 

SimPowerSystems toolbox of Simulink. As given in the Fig. 6, our complete model is 

based on just the Asynchronous machine as the main component of our Electric Vehicle 

equipped with the photovoltaic panel. 

 

TABLE II. Parameters of Asynchronous motor 

Specification Value 

Frequency 50 Hz 

Rated Voltage 400 Hz 

Rated power 4 KW 

Rated speed 1430 rpm 

Stator Inductance  0.005839 H 

Stator resistance 1.405 ohm 

Rotor Inductance 0.005839 H 

Rotor resistance 1.395 ohm 

Mutual inductance 0.1722 H 

friction factor 0.002985 N.m.s 
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Figure 6 A complete description model of the proposed system 

 

Figure 7 Complete model of MAS and PV based battery charging system 

3. RESULTS AND DISCUSSION 

As shown in Fig 7, the simulation model is composed of Asynchronous machine MAS and 

PV based battery charging system. The simulation of the proposed model, implemented in 

MATLAB/ SIMULINK, is based on mathematical equations given in the section above. 

The configuration of our model, given in the Fig. 7, is as follows:  

1. PV PANEL (1.8 kW, 80V) and the modelling is performed by using the two my 

previous works [8] [9].  

2. Lead-acid battery (48V, 100 Ah) that is taken from SimPowerSystems toolbox of 

Simulink. 

3. 3 DC/DC converter with MPPT and MLI control. 
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4. An asynchronous electric motor drive with 4 kW, 400V, 50 Hz and was modelled 

by PWM VSI induction the toolbox of SimPowerSystems in Simulink. 

Based on the solar irradiance and atmospheric temperature, the model is used for energy 

management from a photovoltaic panel to deliver to the motor. The PV module model 

requires the parameters included in typical manufacture’s datasheets (see Tab I). 

3.1. MPPT validation 

• Simulation with slow linear change in solar irradiance 

In our simulation, as mentioned in Fig. 8, the temperature is maintained at a constant 

temperature equal to 25°C in a period of time [0...115] and equal to 50°C over the period 

[115...200]. While the solar irradiance equal to 1000W/m² over the periods [0…55] and 

[150...200] and equal to 400W/m² in [90...115]. In discharging cycle of the battery, the 

power and voltage delivered from the photovoltaic panel are dependent on the solar 

irradiance and temperature by tracking its maximum of power. It is noted that during a slow 

change of the irradiance G, over the periods [55..90] and [115..150], the responses of PV 

power and PV voltage follow the variation of G with fluctuation around the maximum 

power point, as shown in fig. 9 and fig. 10. 

 

 

Figure 8 Profile of solar irradiance and ambient temperature 

 

Figure 9 Photovoltaic panel power response 
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Figure 10 Photovoltaic panel power response 

 

In order to analyze the influence of battery Charging/Discharging, we need to manipulate 

our simulation in two steps with two levels of battery state of charge (SOC) as follows: 

high SOC (80%-60%), and low SOC (<40%). In each step, we distinguish the main 

behaviour of motor response, as a speed and torque, during the cycle of charging and 

discharging, as well as the battery behavior such as SOC, battery voltage, and battery 

current. 

3.2. Simulation Results of the battery behavior  

Figure 11 (c), 11 (d), and 11 (e) show the simulation result of battery’s SOC, current, and 

voltage with taken high initial SOC up to 78%. We need to convert dc battery voltage to 

AC three phases into 400V by an inverter. The discharging of the battery makes the 

decreasing of SOC then the battery’s voltage starting of rated voltage up to 48.7V and the 

battery’s current increase to a positive value up to 500A. On the other hand, in the case 

where the SOC <40, as indicated in Figure 12 (c), 12 (d), and 12 (e), this makes the 

increase of SOC then the battery’s voltage starts of minimal voltage up to 47.2V. The 

battery’s current takes a negative value up to -26A in G=1000W/m² and -7A at 400 W/m². 

All of the energy delivered by our photovoltaic panel contributes only on charging batteries 

with disconnecting the induction motor. 

3.3. Simulation Results of the motor behavior  

Figure 11 (a), and 11 (b) indicate the good response of motor dynamic as a function of 

battery parameters value. Motor speed reaches its rated speed up to 156tr/s after 1s and this 

speed is maintained constant throughout the time of simulation. As well as, the resistive 

torque suitably follows the engine torque to take as a value of rated torque up to 30 Nm in 

an interval [60-150s]. 

During discharging of the battery, stator current increases until reaching to 80A while the 

rotor current equal to 10A. We observe some deviation in the value of rotor and stator 

current when applying the maximum torque of our motor. We conclude from this by 

indicating the ability of battery 48V to supply normally our induction motor. While, when 

the battery SOC is low (under 40%), the motor is totally disconnected from the photovoltaic 

system as indicated in Fig. 12 (a), and Fig 12 (b) in the annulation of rotor current and 

stator current. 
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(d) (d) 

 

(e) 

 

(e) 

Figure 11 System response in High SOC            Figure 12 System response in low SOC 

 

 

4. CONCLUSION 

This paper presents an asynchronous motor ASM supplied by photovoltaic panel system 

through charging battery unit, used to drive an electric vehicle (EV). It has been 

demonstrated that the proposed system provides the dynamic performance of the system. 

Indeed, it was indicated in the suitable result of speed and torque response of the 

asynchronous motor in the two-state levels of the battery and in its charging/discharging 

cycle. This system also has the potential to produce real power to an electric vehicle under 

the change in solar irradiance and atmospheric temperature.   
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