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Abstract - In this study, a three-phase grid-connected Photovoltaic 

system is demonstrated. A photovoltaic (PV) system that is 

connected to the grid, provides several benefits, including a 

topology that is simple, high efficiency and so on. Considering 

control scheme difficulty greatly enhanced because of all the 

regulatory requirements, which are maximum power point 

tracking (MPPT), coordinated with the supply voltage, harmonic 

drop as a current output, must be addressed at the same time. The 

DC/DC converter, solar panels, DC-link, three-phase voltage 

source inverter (VSI) on the grid, as well as output filters are all 

detailed representations of the essential components of the system 

in this model. Line current harmonic distortion should be reduced. 

A sophisticated control strategy with two PI controllers and MPPT 

is purposed in this paper to stabilize DC voltage. A robust phase-

locked loop (PLL) synchronizes a grid-connected voltage source 

inverter with three phases. The simulation and practical findings 

reveal that the stability as well as efficiency of a three-phase grid 
connected PV system are high. 

Keywords- solar energy, grid-connected inverters, photovoltaic 

(PV), maximum power point tracking (MPPT). 

I. Introduction 

 The global need for energy has been constantly increasing. 
Renewable energy sources’ intermittent and unpredictable 

character could be correctly modelled to minimize the system’s 

detrimental influence on system stability [1-2]. In the previous 

two decades, the rapid advancement of photovoltaic (PV) 

technology has exploded suggests that PV generating will 

emerge as one among the most popular appealing renewable 

sources of energy in large-scale application areas in the medium 

to long future [3]. The fact that the production for the solar 

energy has increased is evidence of this. Every year, the 

company has increased by more than 20% [4]. 

 

Solar energy systems are known as Photovoltaic (PV) system 
that provide direct energy to electrical devices or energy that is 

fed further into the public electricity network. Photovoltaic are 

usually thought to be an expensive technology [5]. However, 

photovoltaic are most cost-effective choice in some scenarios. 

The advancement of techniques in photovoltaic, the use in grid-

connected photovoltaics (PV) system has increased 

dramatically. This demonstrates that photovoltaics are highly 

appealing alternative for producing power that is good for the 

environment for a diverse range of applications [6].   
 The (MPPT) maximum power point tracking controller is time-

varying yet nonlinear circuit. The perturb and observe approach 
is one of the MPPT strategies that have been developed. When 

radiation changes, the P&0 approach (MPPT) is used to limit 

volatility and the risk of direction loss system. Under fast 

changes, in radiation, gradually reaching around 12% [7-8]. 
 The boost converter is installed between the inverter and solar 

panel to control the step-up voltage of the photovoltaic output. 

A voltage source inverter (VSI) gets its name emphasized by the 

fact that it generates three phase voltages and currents from a 

DC voltage source that is relatively continuous [9-10]. 

The phase locked loop control method is characterized by 

output signals that are precisely synchronized with a frequency 
and the phase analysis of the input signals. This solution totally 

eliminates VSI output synchronization issues and allows the 

supply grid to be readily incorporated without circulating 

current concerns. The sources create DC output which is then 

transformed power into AC power. This transmission is carried 

out using sinusoidal pulse width modulation (SWPM) and 

pulsed PLL coordinated voltage source inverter (VSI) 

connected to the electrical network. [11-15].  The strategies 

used for control have been described in the literature. The 

derived model’s recommended system architecture is shown in 

figure 1. 
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Fig. 1.     Basic circuit diagram of MICRO GRID 

II. PHOTOVOLTAIC MODELLING  

A PV panel is a series and parallel arrangement of PV modules, 
while a PV module is a solar cell connected in series. Each 

photovoltaic (PV) module is made up of multiple 

interconnected PV cells. The cells convert solar energy into 

direct-current electricity. The figure 2, illustrates a customized 

network of solar PV cell. When light shines on a solar cell the 

voltage is generated, the generated voltage across the solar cell 

drives the current in an external circuit which deliver the power. 
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p    
 
   Fig. 2 A circuit with the similar modification of PV cell 

 
The current of solar cells in PV array is defined as follows: 

    𝐼 = 𝐼ph−𝐼o,cell [exp(
𝑞𝑣

𝛼𝑘𝑇
)−1] −

𝑉+𝐼𝑅𝑠

𝑅𝑠ℎ
        (1) 

Where,                

          𝑖ph -is the current of the incidental light,  

           iD - current inside the Shockley diode 

             𝐼sh  - is the saturated current in reverse 
              q  -is equal to the charge of an electron 

            K   - is  constant of boltzmann 

       Temp. -is equals to the temperature in Kelvin. 

            v    -refers to the voltage at output  

           𝑅sh  - the resistance of the PN junction diode  

        Rs    - to the resistance of the contact series      

 The quantity of electricity a photovoltaic panel module 

generates fluctuations substantially based on its operational 

parameter temperature and varying irradiance. As a result, it’s 

critical to focus on the developed power curve and to maintain 

solar panel output voltage where almost all the power is 

harvested. Maximum power point tracking is the term for this 

procedure. 

 The relationship between current and power as a function of 

figure 3 which depicts voltage as a function irradiance, while 

figure 4 depicts voltage as a function of PV cell heating 
temperature. Various algorithms can be tracked the maximum 

power point. The perturb and observe (P&O) technique was 

applied in our build system shown in figure 5. 

Fig.3 PV cell output characteristics as a function of Irradiance 

 
Fig. 4.  PV cell output characteristics as a function of 

temperature 
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 Fig. 5. The perturb and observe (P&O) method is depicted in  

                                       the flow chart  
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III. DC-DC BOOST CONVERTER  

 A DC-DC converter is designed to modify the panel inductive 

reactance to matched the load resistor by changing the duty 

cycle, frequency. The DC-DC boost converter was used to 

extract the maximum power from the PV array arrangement 

while simultaneously raising the output voltage to a safe level 

for utility disturbance. Figure 6 depicts design of the converter.  

 

 
 Fig. 6. Circuit diagram of boost converter  

 

Physical components such as inductance, power supply, diode 
and capacitor collaborate in the power generation process. 
Although even most of the electronic switches utilised here are 
power MOSFET investigation shown that IGBT can also be 
used for switching. The P&O and MPPT based boost converter 
described in figure 7 as shown below. 

 

 

Fig. 7. A MATLAB model of DC boost converter that                   
includes an MPPT controller  

IV. THREE-PHASE INVERTER 

 A voltage source inverter is employed to designed to transform 
the PV array DC output to AC current. Figure 8 &9 illustrate 

schematic design of the purposed voltage source inverter (VSI)  

with its matched filter circuit model is shown. A three-phase 

inverter is required to convert a DC supply into three-phase 
power supply output. Three-phase voltage power converter 

source is made up of three-phase bridge circuit design. 

combination. The voltage source inverter gives the fast pace 

current output will be discharged into the power system in a grid 

connected Photovoltaic system. The inverter power outcome 

must be in same phase with the utility grid voltage and both have 

same frequency pulse. 

 

 
            Fig. 8. Inverter mode with a voltage source 

 

     
                Fig. 9.  Combination of filters     

 

 A closed loop feedback controller is phase locked loop (PLL) 

circuit that tracks and changes the speed and frequency of the 

http://www.ijsrem.com/


          INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM) 

                    VOLUME: 06 ISSUE: 04 | APRIL - 2022                         IMPACT FACTOR: 7.185                                  ISSN: 2582-3930                                                                                                                                               

 

 

© 2022, IJSREM      | www.ijsrem.com                DOI: 10.55041/IJSREM12358                                                  |        Page 4 
 

 

domestically generated output pulse in reference to the input 

pulse. As shown in figure 10, below bases conversion 
development of phase locked loop (PLL) approach explains 

(VSI) control strategy. 
 

 

        Fig.10 MATLAB model of PLL 

 

V. SIMULATION RESULTS 

The specification of simulation model are listed in Table 1 

 . 

PARAMETER TABLE 1 

 
 
Figure. 11, shows the suggested control structure for a three-

phase grid-connected PV system made up of PV panels.  

 

              

 
  Fig. 11.  A three-phase grid-connected PV system control 

framework proposed 

The waveforms of the simulated waves are displayed in figures 

12-22. The simulation results show that the proposed control 

strategy performs exceptionally well. The boost converter 

performance shown in figure 13 as being consistent. The 
unadulterated non-sinusoidal output of the developed voltage 

source inverter and filtered circuit voltage output  shown below 

in figures 14 and 15, respectively. Figure 16 depicts the 

variation in VSI output current as a function of solar irradiance 

that occurred on the Photovoltaic array in figure 17. Figure 19 

and 20 shows frequency tracked by PLL model, respectively. 

Figure 21 and 22 illustrate the detailed analysis of voltage total 

harmonic distortion and percentage of total harmonic distortion 

using FFT. 

 

System                Parameter                                         Values 

Photovoltaic  array          Per module cell count            (Ncell)   =  60.0 

                                      Each module fault current      (isc)    =  7.84 Amp. 

                     Per module open loop circuit voltage      (Voc)   =   36.3 Volt 

                                      Current at MPP                     (Imp)     =   7.35 Amp. 

              Voltage at the maximum power point           (Vmp)    =   29 Volt 

                               Strings that are parallel                                =   47  

                             Each string has a series connected module       =   10 

                          Maximum power output in total           = (7.35*47) 

(29*10)                   

                     (at I=1000W/𝑚2 &T=250C) ≈ 100k watts              100, 

180.5W 

Boost circuit     Series inductor                            (L1)         =   1.45 mH 

                           Shunt capacitor                          (C1)       =    3.227µF 

Filtering circuit       Inductance in series               (Lf)        =     500µH 

                            Capacitance in parallel                        (Cf)         =    100µF 

                             = 

Supply of AC         Voltage on the grid                  (Vrms)            =    400 

Volt 

                      The frequency of the grid                 (freq.)           =     50Hz 
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          Fig. 12. PV array output  

 

  
Fig. 13.  The boost converter electrical output  

 

 
  Fig. 14. The voltage source inverter produced output 

 

 

            Fig. 15. The designed filter circuit output  

 

 

        Fig. 16. Line current  

 

 
Fig. 17.   Irradiance of the heat 

 

     
             Fig. 18.   Supply of active power 

 

     
                Fig. 19. PLL pulse monitored in three phases 
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Fig. 20. PLL tracked signal frequency  

 
 Fig. 21. Total harmonic distortion of the VSI output power 

voltage  

 
  Fig. 22    Total harmonic distortion of filtered output     

power voltage  

 

                 VI     CONCLUSION 

The control technique for grid-connected photovoltaic array 

system was given in this paper. The main goals were to 

maximize the PV array power output while also injecting to 

transport the electricity slightly elevated AC current is fed 
transported to the load. The VSI filtering and unprocessed load 

results show a significant increase in total harmonic distortion 

(THD). The addition of stronger and more efficient controlling 

algorithms, as well as control of more objects could be part of 

the model future growth renewable energy producers, as well 
as number of additional features. 
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