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 In this article, we propose a secondary high-power charger provided by a 

photovoltaic source with grid connection. The high-power charger is 

composed of a phase shift full bridge (PSFB) DC-DC converter controlled 

by a constant voltage constant current algorithm based on PI control.  The 

first stage is composed of a PV panel source, controlled by a fuzzy logic 

using a maximum power point tracking (MPPT) algorithm, associated with a 

synchronous boost converter to set up the voltage at the standard common 

400 V bus level. While the charger is a second stage composed of a phase 

shift converter for step down and adapting the voltage and the charging 

current for the battery of the urban electric car. We have also proposed the 

grid connection with a simple optimization to inject the generated power into 

the electrical grid when no car is connected to the power station. To achieve 

this goal, simulation results of the proposed configuration control techniques 

by using the MATLAB/Simulink environment are presented and discussed 

at the end of this paper. 
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1. INTRODUCTION 

Mobility today constitutes one of the major challenges of the energy transition. In addition to the 

economic cost of acquiring, using, and maintaining a vehicle, it has a significant impact on the environment, 

particularly in terms of greenhouse gas emissions. Due to environmental concerns, electric vehicles (EVs) are 

becoming more and more common in the automobile industry [1]. To mitigate climate change, greenhouse 

gas emissions, and poor air quality, electrifying transportation is seen as a promising alternative to traditional 

fuel sources [2]. 

The starting point for thinking about sustainable mobility is based on the choice of means of 

transport, and particularly cars. The automotive market has been evolving rapidly in recent years, and 

particularly in recent months, to offer more and more solutions to meet regulatory and environmental 

concerns, and as is known, the transportation sector shoulders a significant burden, accounting for 

approximately 62.3% of global fuel consumption in a few years [3]. 

The issues in EV technology development are battery tube capacity, heavy-size batteries, fast 

charging, and safe charging infrastructure. In this vision, many major manufacturers are now expressing their 

ambition to become leaders in the electric car sector. Indeed, electromobility corresponds to the use of 

electric vehicles. These come in all types and can be classified into three categories: fully electric vehicles, 

extended range electric vehicles, and hybrid vehicles. 

https://creativecommons.org/licenses/by-sa/4.0/
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In our case study, we want to deal with a type of urban electric car that is increasingly recommended 

in urban transport. Moreover, several manufacturers have launched their own cars to meet new requirements 

for green and sustainable transport. This type of car is characterized by its speed limit of  

45 km/h and its small size. It has a 5.8 kWh battery and a range of 75 km. However, to meet the actual 

purpose of the EVs (reduction in air pollution, reduction in fossil fuel dependency, and an increase in energy 

security), the electric energy needed for charging the EVs should come from renewable energy sources [4]. 

As a renewable and clean energy, photovoltaic (PV) energy can be produced anywhere, including urban areas 

for EV applications [5], [6]. 

We propose in this work a high-power autonomous and off-board secondary charger based on a 

photovoltaic source with a mix of converter topologies and a mix of linear and non-linear control. Different 

fast charger topologies are available depending on their applications [7]. The need for charging stations has 

become crucial [8]. Car drivers need easy access to fast charging stations to reduce the stress of searching for 

charging points and their fear about their battery life. At the same time, it is necessary to develop much more 

availability of charging points with a good connected distribution map and optimal cost of their use [9]. 

Charging the urban vehicle requires a single-phase charger with a power of 1.8 kW at different 

points in the city, with a charging time of 3 hours. However, our proposal offers a high-power secondary 

charger through a DC bus fast charging station with a power of 3.6 kW to reduce the charging time and the 

occupancy time of the city car. 

The charging structures can be AC and DC grid-based [10], [11]. Charging can be of both types- AC 

and DC charging. AC charging generally specifies level 1 and level 2 charging for on-board chargers, while 

DC charging is considered Level 3 charging that requires off-board chargers [12]. The proposed scheme for 

the battery recharging system is based on the setup of a multiport configuration for recharging electric cars to 

ensure multi-use for other types of cars. Fast charging via a DC bus charger at 400 VDC powered by a PV 

source and a secondary on-board charger on the urban car based on a full bridge phase shift DC-DC 

converter (PSFB). 

The novelty of this approach is to upgrade the existing configuration of charging methods. We 

propose adding a high-power secondary on-board charger next to the first existing one. The novelty of this 

configuration is that the electric car can be charged, in addition to the single-phase charger, with a DC station 

fed by PV panels to meet the neutral carbon chart, especially in mobility activity. To discuss further the 

improvement proposed in this work, the paper is divided into three sections. The first one is about the 

overview of the schema of the proposal. The second is about the theoretical discussion of the circuit. The 

third one is about the simulation in MATLAB/Simulink and the results discussion. In the end, we have the 

conclusion and discussion of further perspectives in the common works. 
 

 

2. METHOD 

2.1.  Overview of the proposition 

As initially discussed in the introduction, the main contribution is based on setting up the urban 

electric car with a secondary high-power on-board charger in addition to the existing on-board charger. This 

second charger can be plugged directly into a high DC charging station based on a photovoltaic source, 

which will also be developed in this work. 

In fact, as shown in Figure 1, we propose an upgrade of the existing single socket to a configuration 

of multi-socket which contains a socket for AC charger as conventional charger with a maximum power level 

of 1.8 kW and another socket for fast charging through the secondary on-board charger with a power level of 

3.6 kW. The proposed configuration has many advantages to overcome the actual one in terms of power 

levels capability and to meet a redundancy reinforced by adding a second charger. 
 

 

 
 

Figure 1. The proposed multi-socket configuration 
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In the following description mentioned in Figure 2, the conventional charging is fed only by AC 

single phase through the low voltage distribution grid with a power limitation of 1.8 kW. While the proposed 

configuration consists of maintaining the conventional charger and adding a secondary on-board charger fed, 

in this case, by a photovoltaic direct current station which can be installed in different points in the city. In 

addition to this configuration, we also proposed a coupled inverter to evacuate the energy produced by the 

station when no car is connected to keep the proposition more useful. 

In fact, to develop further the consistency of the contribution, the PV station is composed of a DC-DC 

stage based on a synchronous boost converter to step up the voltage coming from PV panels from 320 VDC to 

400 VDC in the DC charging bus. We have used a fuzzy logic control enhanced by an MPPT algorithm to 

maximize the efficiency of PV panels. The secondary on-board charger is composed of a phase shift full bridge 

converter (PSFB) controlled by a constant current constant voltage algorithm using a PI control loop. 
 

2.2.  PV as primary power for a DC power station 

We thought about introducing a renewable source to align with new environmental requirements. For 

this purpose, we propose a photovoltaic source as the primary voltage source of the high-power DC station. To 

have the requested power source, a series and parallel PV panels combination is possible with PV panels [13]. 

Furthermore, to be able to maximize the power extracted from photovoltaic panels, several 

techniques are possible, including the perturb and observe (P&O) algorithm, mentioned in Figure 3. And as 

illustrated in Figure 4, the algorithm perturbs the operating voltage of the PV module slightly and observes 

the change in power output. If the power increases due to the perturbation, the algorithm continues to perturb 

in the same direction. This process is repeated iteratively to constantly track the MPPT. 
 

 

 
 

Figure 2. Overview of the proposed charging configuration 
 

 

 
 

Figure 3. Conventionnel P&O MPPT technique 
 

 

2.3.  Synchronous boost with P&O and fuzzy logic control 

The DC station, mentioned in Figure 5, is composed of a synchronous boost converter controlled by 

fuzzy logic to step up the voltage from 320 VDC to 400 VDC. This topology of the DC-DC converter offers 

several advantages compared to its conventional boost with a diode. It is called synchronous because the 

control of the two switches S1 and S2 is carried out in a synchronous way [14]. 
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Figure 4. Algorithm steps of the P&O technique 
 

 

 
 

Figure 5. Full circuit of the proposed configuration 
 

 

2.3.1. Inductor selection 

The choice of inductance is crucial. It is the passive component to back up energy in the converter. 

The greater the inductance, the smaller the ripple is. The value of the inductor is calculated using Kirchhoff’s 

law, in a boost topology, and it’s given by (1) and (2). 

 

𝐿1 =
𝑉𝑖𝑛×(𝑉𝑑𝑐−𝑉𝑖𝑛)

∆𝐼𝐿1×𝑓𝑠𝑤×𝑉𝑑𝑐
 (1) 

 

∆𝐼𝐿1
= 0.2 × 𝐼𝐿1

×
𝑉𝑑𝑐

𝑉𝑖𝑛
 (2) 
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Where 𝐿1: inductor in (H), 𝑉𝑖𝑛: input voltage in (V), 𝑉𝑑𝑐: DC bus voltage in (V), 𝐼𝐿1
: inductor current in (A), 

∆𝐼𝐿1
: estimated ripple current in (A), and 𝑓𝑠𝑤: switching frequency in (Hz) 

 

2.3.2. DC bus capacitor selection 

The choice of DC bus capacity is important. In fact, it makes it possible to stabilize the voltage and 

control the ripple in the voltage to avoid voltage drop during excessive current flow. Its value is calculated 

using Kirchhoff’s law and given in (3) and (4). 

 

𝐶1 =
𝐼𝑑𝑐×𝐷

𝑓𝑠𝑤×∆𝑉𝑑𝑐
 (3) 

 

∆𝑉𝑑𝑐 = 0.2 × 𝑉𝑑𝑐 (4) 

 

After the design of the components of the power stage, the parameters of the synchronous boost converter are 

mentioned in Table 1. 

 

2.3.3. Design of the fuzzy logic block control 

As shown in Figure 6, the fuzzy logic control is designed to track the maximum power for the solar 

panel with the P&O algorithm. It measures the values of the voltage and current at the output of the PV array. 

At every discrete iteration, it calculates the PV power to derive the inputs of the controller [15]. By 

combining fuzzy logic control with the P&O algorithm, the MPPT system can effectively adapt to changing 

environmental conditions and uncertainties. The fuzzy logic controller provides a flexible and intuitive 

decision-making mechanism, while the P&O algorithm performs the iterative adjustment of the operating 

point based on the fuzzy controller's output. Defuzzification then translates the fuzzy output into actionable 

control signals for the MPPT system. 

The logic is translated by the fuzzification of the comparison between the evolutions of the 

iterations between the states of the errors of the variable 
𝑑𝑃

𝑑𝑉
 [16]. It takes a combination of five states (NB: 

negative big, NS: negative small, Z: zero, PS: positive small, and PB: positive big), which gives a table of 

rules of 25 combinations of states described in Table 2. Fuzzy logic states from Table 2 are translated by 

memberships depending on the error between the iterations and the difference of the error. These two states 

define the output angle. All operations combining membership functions generate new fuzzy states based on 

logical relationships. 

 

 

Table 1. Parameters of synchronous boost converter 
Parameter Notation Value 

PV irradiance 1000 W/m² 

PV temperature 25 °C 

Inductor 𝐿1 0.6 µH 

DC bus capacitor 𝐶1 8 mF 

Switching frequency 𝑓𝑠𝑤 10 kHz 

Maximal rated power 𝑃𝑛 3.6 kW 
 

Table 2. Control combinations of fuzzy logic blocks 
E\ΔE NB NS Z PS PB 

NB NB NB NS NS Z 

NS NB NB NS Z PS 
Z NS NS Z PS PS 

PS NS Z PS PB PB 

PB Z PS PS PB PB 
 

 

 

 
 

Figure 6. Control diagram of synchronous boost converter 

 

2.4.  Design of secondary on-board charger 

The high-power secondary charger is designed to provide the electric car with a secondary and backup 

charger to optimize charging time and, at the same time, guarantee charger availability and redundancy. This 

charger is based on a full bridge phase shift DC-DC converter with a galvanic isolation insured by a high 

frequency transformer to step down the voltage from 400 VDC to 48 VDC. Several reasons are behind the 
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choice of this topology in terms of power handling and its better efficiency due to the shifted control [17]. Also, 

it is extensively employed in medium- and large-scale power applications for its distinct features, such as high 

voltage conversion ratio, galvanic isolation, and flexibility of operation modes [18], [19]. 

To recharge the car battery, we opted, as mentioned in Figure 7, for the constant voltage-constant 

current method widely used in such applications. In fact, the converter control is provided by two loops based 

on PI blocks defined by Ziegler-Nichols’ method. An inner current loop for current control and an outer loop 

for voltage control. With constant current voltage strategy, the battery is charged at a constant current until a 

pre-specified voltage threshold is reached, and then the charging switches to a constant voltage until the 

current decreases below the threshold [20], [21]. 

The phase shift full bridge converter, also known as “PSFB”, is composed of two legs A and B, and 

four IGBT switches. The voltage feeds the DC bus voltage of 400 VDC into the first side of high frequency 

transformer. Its second side is connected to a full diode bridge D1-D4 to rectify the AC wave that comes 

from the input side. While the shifted control between the two legs and of this converter is ensured by a 

PWM control, at a fixed frequency, complementary between the two switches of the same leg. The 

parameters of the secondary on-board charger and the car’s battery are listed respectively in Tables 3 and 4. 

 

 

 
 

Figure 7. PI control blocks of the second on-board charger 
 

 

Table 3. Parameters of the secondary on-board 

charger 
Parameter Notation Value 

Rated input DC voltage 𝑉𝑑𝑐 400 V 

Rated output DC voltage 𝑉𝑜𝑢𝑡 48 V 

Turns ratio 𝑁 0.14 

Low-pass inductor 𝐿2 1.5 mH 

Output capacitor 𝐶2 1 mF 

Switched frequency 𝑓𝑠𝑤 10 kHz 

Maximal rated power 𝑃𝑛 3.6 kW 
 

Table 4. Parameters of the battery 
Parameter Value 

Battery maximal capacity 115 Ah 

Capacity at nominal voltage  104 Ah 

Fully charged voltage 51 V 
Cut off voltage 34 V 

Nominal discharge current 50 A 

Internal resistance 0.003 Ω 
 

 

 

2.5.  Single inverter coupled to the grid for power management 

In the proposed scheme, we have provided, in addition to the high-power charger, an inverter 

connected to an electrical grid to evacuate the electrical energy generated from PV panels, as shown in  

Figure 8. This power is evacuated to the grid when no car is connected to the charging station. Thus, to make 

our installation more useful and profitable. For this purpose, we designed a single-phase inverter with a level 

of power at 3.6 kW with a high power factor to keep an optimum power transfer to the grid. 

Implementing the injection solution requires a PWM inverter and an LCL-type low-pass filter, as 

shown in Figure 9. The role of LCL is to filter the harmonics to reduce the rate of harmonic distortion 

generated by the inverter. Thus, improving the quality of electrical energy injected into the grid. 

To control the injected power, Clark-park transformation, and phase locked loop (PLL) are used to 

be able to have a unit power factor. In fact, the quadratic current component of the reference (d-q) must be 

canceled. The primary role of the PLL in this grid-tied inverter system is to synchronize the inverter's output 

voltage and frequency with that of the utility grid [22]. This is crucial for ensuring that the power generated 

by the inverter can be safely and seamlessly integrated into the grid without causing harmonic pollution. The 

control of the current coming from the PV inverter passes through two regulation loops, as shown in  

Figure 10. In fact, the three-phase grid voltages 𝑉𝑔 comes through the Clark and Park transformations to get 

two components 𝑉𝑑 and 𝑉𝑞  to facilitate the control. The main objective of this transformation is to cancel 

reactive power and get the grid angle Ɵ to meet the unity of power factor. 
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As mentioned, in Figure 11, the first loop is used to calculate the reference current 𝐼𝑟  from the DC 

voltage of the PV field optimized by an MPPT algorithm using fuzzy logic, discussed above in this paper. 

Then this current is multiplied by the grid angle got from the PLL loop. This calculated current is compared to 

the inverter  𝐼𝑖  via the second current regulation loop, designed by the Ziegler–Nichol method, which is mostly 

used in the design of PI controllers [23]. And added, then, to the grid voltage 𝑉𝑔. The result of this loop is 

divided by the PV DC bus voltage to obtain the reference current via a four-pulse PWM block to control the 

four switches of the single inverter. All parameters of the single-phase inverter are detailed in Table 5. 
 

 

 
 

Figure 8. Synoptic of PV inverter connected to grid 
 

 

 
 

Figure 9. Synoptic of PV coupled inverter 
 
 

 
 

Figure 10. Phase locked loop synoptic loops 

 

 

 
 

Figure 11. Control loops of the coupled inverter 
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Table 5. Parameters of the coupled single-phase inverter 
Parameter Notation Value Parameter Notation Value 

PV irradiance 1000 W/m² Maximal power 𝑃𝑛  3.6 kW 

PV temperature 25 °C Proportional gain voltage loop 𝐾𝑝𝑣 0.1 

Inductor of the inverter side 𝐿𝑖 4.5mH Integral gain voltage loop 𝐾𝑖𝑣 0.2 

Inductor of the grid side 𝐿𝑔 4.5 mH Proportional gain current loop 𝐾𝑝𝑖 22.5 

Bus capacitor 𝐶𝑎𝑐 6 µF Integral gain current loop 𝐾𝑖𝑖 5 

Switching frequency 𝑓𝑠𝑤 10 kHz    

 

 

3. RESULTS AND DISCUSSION 

To defend our proposal, we designed a full scheme of the proposed configuration, shown in  

Figure 12, under MATLAB/Simulink environment. As previously discussed, the proposed configuration is 

based on a new on-board charger and fed by a PV DC station. While this station is composed of PV panels 

followed by a synchronous boost converter controlled by a fuzzy logic control and enhanced by a P&O 

algorithm to reach an optimum MPPT. Moreover, the proposed on-board charger is a phase shift full bridge DC-

DC converter controlled with PI control and to follow a constant current constant voltage strategy to charge the 

battery. In addition, we have also set up a coupled inverter to evacuate the produced energy from the PV panels. 

 

 

 
 

Figure 12. The full view of the proposed configuration under MATLAB/Simulink 
 

 

We have launched a charging simulation for 10 minutes under the secondary on-board charger of  

3.6 kW fed by the DC PV station. We have chosen a case of a battery initially charged to 50%. In fact, after 

executing the simulation under the conditions mentioned in the previous paragraph, we observe that the current 

reaches a value of 75 A with a voltage maintained at 48 V as initially previewed. The battery reached a level of 

60%. It gets gain of energy of 10%, within 10 minutes, as shown in Figure 13. But in the case of a conventional 

charger of 1.8 kW, it gets only less than 5% in the same time. Thus, if we consider a sublinear extrapolation 

behavior of the charging profile, the performance of the secondary charger is good enough in terms of power 
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transfer. It can ensure a good option for fast charging the city car at the PV station. While the primary charger can 

only be used at home by the end of the day, or by using an electrical public grid available throughout the city. 

We can also observe, in terms of control performances, that the fuzzy logic control in the PV station 

delivers a stable DC bus voltage, as shown in Figure 14. In addition to the control of the secondary on-board 

charger ensured with two loops composed of the proportional integrator (PI). In fact, the outer loop controls 

the voltage and generates the reference component of the current. As for the second current loop, it corrects 

the difference of two values and deduces the phase difference necessary to ensure zero voltage switching in 

the transistors of the phase shift full bridge DC-DC converter. 
 

 

(a) 

 

(b) 

 
 

(c) 

 
 

Figure 13. Simulation results of charging an EV battery under 10 minutes with the proposed charger:  

(a) battery voltage, (b) battery current, and (c) state of charge of the battery 
 

 

 
 

Figure 14. PV DC station output voltage 
 

 

Moreover, when no electric car is plugged into the charging station, we have added a single-phase 

inverter, connected to the PV, to evacuate the energy produced by the charging station to the electrical grid to 

make our proposal more profitable compared to other configurations cited in [24], [25]. In fact, as mentioned in 

Figure 15, we can observe the current of 16 A RMS injected into the grid at a voltage of 220 RMS in this case. 

We can see that the current and voltage are well in phase for maximum transfer of active power. 

Furthermore, we have established, in Table 6, a comparison between the different existing 

configurations by comparing them in terms of recharge time, redundancy, environment print, and grid 

injection as a given option. And we can observe, then, that our configuration meets multiple options compared 

to the existing ones, cited in previous works [24], [25], with only one embedded low-power charger. 

 

 

Table 6. Comparison of existing and proposed configurations 
Topology Single phase Three phase Proposed configuration 

Fast charge - + ++ 

Redundancy - - + 
Environmental print - - + 

Grid injection (option) - - + 
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Figure 15. Current and voltage waveforms injected into grid 
 

 

4. CONCLUSION 
In this article, and as part of the promotion of low-carbon urban mobility, we have proposed an 

optimized configuration for recharging electric car batteries of an urban electric car with a proposal for the 

implementation of a secondary on-board fast charger with double the power supplied by an electric station 

based on photovoltaic panels. In addition, we have sized the charging station based on PV panels associated 

with a boost converter controlled by a fuzzy logic method for regulating the output voltage. 

We have also demonstrated that the energy produced by the developed PV station can be evacuated 

to the low-voltage electrical grid when no car is connected. We have been able to demonstrate that the high-

power charging station based on photovoltaic panels constitutes an effective alternative to achieve 

complementarity with the main domestic charger and the proposed secondary charger. The simulation of the 

recharge test demonstrated a gain of 50% or almost 100 minutes, with an extrapolation deducted from the 

recharge time of 10% for 10 minutes under the second proposed charger. 

We consider continuing our research on the test and the discovery of other technical solutions to 

equip the car with other redundancy options to maximize its availability in mobility. In addition, we will set 

up an experimental bench to design a prototype of the proposed solution at the very low power order by 

comparing it with other new generation power topologies associated with nonlinear control methods based on 

artificial intelligence to study their advantages in terms of performance and robustness. 
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