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Abstract 

In this paper, a control method based on internal current control loop and dc link voltage regulator for three-phase photovoltaic 

(PV) system connected to the distribution network is presented. Current control method, the dynamics of the PV system 

separate it from the dynamics of the grid and the loads in it, and dc link voltage control improves control and increases the 

output power of the PV system. Also, a feedback control method is proposed to adjust the dc link voltage in order to improve 

the transient response of the PV system, which distinguishes the dynamics of the PV system from the nonlinear characteristics 

of solar cells and enables the design and optimization of system controllers in a wider range of workstations. In order to achieve 

a constant voltage level, a dc/dc converter is recommended to prevent the transfer of voltage harmonics to the inverter. The 

proposed method is investigated using a simulation of a PV system connected to the distribution network in the MATLAB 

software environment. 
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1. Introduction 

Attention to economic benefits and environm-

ental problems in recent years has led to the 

expansion of the use of distributed generation (DG) 

resources in the world [1,2]. These resources, while 

meeting consumer demand, increase reliability and 

reduce system losses [3,4]. Most DG sources use 

renewable energy to generate electricity to reduce 

the adverse effects of fossil fuel use on the environ-

ment [5,6]. 

Solar energy technologies are divided into two 

parts: direct and indirect conversion of electricity 

[7,8]. The direct sun division of the system (PV) is 

shown in Fig. 1. As can be seen, the photovoltaic 

system is divided into two groups: grid-connected 

photovoltaic system and off-connected photovoltaic 

system [9]. 

Inverter-based distributed generation sources 

such as photovoltaic (PV) systems are more widely 

used than other distributed generation sources amo-

ng electricity subscribers and investors [10,11]. 

 

 
Fig. 1. Single-line diagram of PV system in connection to 

distribution network 

In recent years, the construction of solar power 

plant units in various dimensions and production 

capacities is expanding and various studies have 

been conducted in the field of application and design 

of their control systems [12,13]. 

In a number of studies, dc voltage is considered 

as a constant source, in other words, the dynamics of 

PV sources are completely neglected [14]. In [15] 
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different drop coefficients and their effect on the 

performance of the PV system and output power are 

investigated and the allowable range for changing 

the drop coefficients in the operation mode of isla-

nds is determined so that the selection of drop coeff-

icients outside the allowable range causes system 

instability. In [16] to adjust the control parameters 

using the usual drop characteristics and in order to 

improve the transient stability of the system, the 

particle optimization algorithm is used and to inve-

stigate the effect of load dynamics on low frequency 

fluctuations of the system, various loads are inves-

tigated. They are located. The effect of dynamic 

modes of load types such as induction motors on me-

dium voltage microgrids has been evaluated in [17]. 

The problem of proper load sharing in an inde-

pendent microgrid has been studied in [18] in which 

a complementary loop around the typical droop 

control of each DG converter is proposed to stabilize 

the system. Also, the coordinated design of compl-

ementary control loops for each DG is formulated as 

a parameter optimization problem and solved using 

an evolutionary technique. 

Various studies on the modeling of solar syst-

ems and the types of controllers used in it have been 

presented [19,20]. In [21] for modeling three-phase 

grid-connected solar systems is presented. In this 

model, different modes of performance and control 

have been investigated in order to analyze the effect 

of different parameters. An optimal control of the 

network-connected microgrid PV source in some-

what shady conditions is presented in [22] when the 

system consists of a PV array, a network simulator 

and two converters connected to a typical DC bus. 

In this system, the voltage source inverter is contr-

olled to keep the DC voltage constant, where the 

voltage control technique is combined with a phase-

locked loop algorithm for voltage synchronization. 

In the field of the effects of high infiltration of 

solar sources on power quality phenomena, various 

studies have been conducted that the results show 

that high power of these sources causes voltage 

fluctuations, flicker formation and reduced reliabil-

ity [23,24]. In [25], the effects of high-power solar 

sources on power quality phenomena such as volt-

age and frequency are investigated. According to the 

results, the effect of output power fluctuations on 

voltage and frequency in scattered systems is less 

than centralized systems. In [26], the effect of 20% 

penetration of solar resources during the passage of 

clouds and power fluctuations is investigated. This 

study shows that these oscillations do not have a 

significant adverse effect on the system flicker, but 

they do severely affect the performance of the puls-

ates and reduce the life of the equipment. To impr-

ove the performance of an independent water pum-

ping station based on the solar PV system in [27], an 

active power control with increased maximum 

power point tracking (MPPT) algorithm has been 

proposed, which in order to achieve MPPT with less 

oscillation by protecting the battery energy storage 

system against overvoltage, a turbulence algorithm 

is used and the step-by-step observation of the 

variable power ratio is used. 

In this paper, modelling of PV system in 

connection to distribution network and loads conn-

ected to it is simulated. A control method for three-

phase PV systems is presented, which is based on 

the optimized current control model and in addition 

to adjusting the power factor of the PV system, it 

also provides the possibility of controlling the dc 

link voltage of the converter. Therefore, by this 

control method, the active power of the PV system 

is regulated through voltage control. Also, to protect 

the PV system against faults and overloads in the 

system, the optimized current control method sepa-

rates the dynamics of the PV system from the 

distribution network and loads. 

2. Improving the performance of the PV system 

when connected to the distribution network 

Fig. 2 shows the connection of the studied PV 

system to the distribution network at the common 

connection point. At the point between the common 

connection point and the network, once is provided 

for the distribution network. The resistance and 

inductance of the line between the common connec-

tion point and the load are indicated by the values of 

L1 and R1, respectively. L2 and R2 are also the 

values for inductance and line resistance between 

the load and the main network. It should be noted 

that the values of L1 and R1 also include leakage 

impedance and resistance of transformer windings 

Tr1. The load power factor correction capacitor is 

shown with the Cl parameter and Ps and Qs indicate 

the active and reactive power delivered by the PV 

system to the distribution network at the common 

connection point. 
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Fig. 2. Single-line diagram of PV system in connection to 

distribution network 

 

High-throughput PV sources can cause severe 

voltage fluctuations when radiation changes or clo-

uds pass. Since the allowable amount of voltage 

fluctuations is limited according to the standard and 

the desired power quality is necessary due to the 

increase of sensitive loads, so in the power system, 

multiple controllers are used to maintain the voltage 

level within the allowable range. In this section, the 
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effect of sudden changes in weather conditions and 

the passage of clouds on cell performance and grid 

voltage is investigated and using a dc/dc converter 

and reactive power injection to compensate and con-

trol the voltage profile during rapid fluctuations in 

power output. 

Solar systems are a relatively expensive resou-

rce [28,29]. Therefore, for optimal use and high 

efficiency, it is better to place these resources at the 

maximum operating point. As mentioned earlier, 

solar cells are characterized by temperature and 

radiation. Since solar systems are constantly expos-

ed to changing environmental conditions such as 

shade, dust, and the like, their characteristics are 

constantly changing and with the direct connection 

of the solar panel to the system without No contr-

oller can extract maximum power from the source. 

Therefore, the maximum power point controller is 

an essential part of solar systems. Several control 

methods have been proposed for this purpose. These 

methods differ in features such as convergence 

speed, complexity in installation and execution, 

required sensors, cost, etc [30,31]. 

3. Simulation results 

In order to evaluate the performance of the PV 

system when connected to the distribution network, 

the PV system shown in Fig. 3 is simulated with a 

general system model.  

 

 
Fig. 3. The PV system studied in the network connection mode 

 

According to this figure, the studied PV system 

is connected to the distribution network through Tr1 

transformer. The network in question has two loads 

with values of 250 kW and 2 MW and is connected 

to the main network via a Tr2 amplifier transformer. 

In this section, several modes for simulations 

are considered. These modes are designed for the 

following purposes: 

- Investigating the performance of the feedback 

compensator due to climate change 

- Investigation of passages caused by the entry of PV 

system into the network 

- Evaluation of the performance of the dc link 

voltage regulation improvement strategy and the 

capability of control schemes in producing maxim-

um power 

− Check the resistance of the control system in 

the event of a fault in the network 

− Observing the effect of feedback compensation 

strategy on improving the stability of the PV 

system 

− Investigation of the effect of dc / dc converter 

on the performance of the PV system 

− Investigating the effect of current controller in 

independent control of active and reactive 

power 

A) Investigating the compensatory effect of 

feedback:  

In this scenario, the effect of feedback compen-

sation strategy on improving the transient stability 

and performance of the PV system in the event of 

radiation intensity changes is investigated. Accor-

ding to Fig. 4, the amount of radiation is initially 

equal to 1000 W/m2. In 0.5 seconds, the radiation 

intensity decreases slowly and steadily to 200 

W/m2. 

 

 
Fig. 4. Radiation intensity 

Then in one second s increases again to the 

original value. Fig. 5 shows the value of vdc voltage 

due to these changes in a state where the feedback 

compensation strategy is inactive. Fig. 6 also shows 

the vdc voltage changes using the proposed strategy. 

As can be seen, the use of feedback compensation 

strategy effectively improves the system response to 

radiation changes and improves transient stability. 

According to these results, keeping the vdc value 

constant reduces the fluctuations in the output power 

of the PV system. 
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Fig. 5. Dc link voltage without the use of a feed compensator 

 

 
Fig. 6. Dc link voltage using feed compensator 

B) Operation of PV system in normal 

conditions and during connection to the 

network:  

In this case, the PV system is connected to the 

distribution network but is inactive for 0.2 seconds. 

Therefore, according to Fig. 7, the dc link capacitor 

is pre-charged through non-parallel diodes located 

in the VSC ports and the dc voltage reaches 568 V. 

After 0.2 seconds from the simulation time, the 

voltage source converter and PV system controllers 

are activated. Then the dc voltage follows the 

reference value and reaches 480 V. 

As can be seen, the locked phase loop responds 

to the dc link voltage response by following its 

reference value when the PV system enters the net-

work. According to this figure, after fixing the pas-

sages related to the PV system input, the dc link vol-

tage reaches its final values in less than 0.2 seconds. 

 

 
Fig. 7. Dc link voltage when connected to the network 

 

  
Fig. 8. Active output power of a photovoltaic panel array when 

connected to the grid 

 

  
Fig. 9. Active output power of the photovoltaic system when 

connected to the grid 
 

The active output power of the array of PV 

panels is shown in Fig. 8. The d-axis current of the 

array of PV panels reaches the final value of 0.95 

p.u. Subsequently, according to Fig. 9, the output 

power of the PV system undergoes a momentary 

transient and then reaches the value of 236 kW. 

C) Controller resistance against system errors:  

The possibility of recovering the control 

system after an error or disturbance in the network 

is one of the cases that affect the performance of the 

PV system and its effects on the distribution 

network. In this section, the resistance of PV system 

against the occurrence of single-phase and three-

phase faults has been investigated. 

 Single-phase error to ground: In this part, after 0.5 

seconds from the time of simulation of phase c, the 

high voltage side of transformer Tr1 is connected to 

ground for a period of three cycles (at a frequency of 

60 Hz) and the single-phase error to Earth occurs.  

As shown in Fig. 10, at the time of the fault, 

the phase voltage c equals zero and the amplitude of 

the line current increases. 

The vdc value is also experiencing momentary 

perturbations. After troubleshooting, the PV system 

maintains its stability and returns to normal operat-

ing conditions. 

 

 
Fig. 10. AC side voltage connected to the network 

 

Three-phase error: In this section, in 0.5 seconds, a 

three-phase short circuit occurs in the low voltage 

side of transformer Tr1. According to Fig. 11, the 

line voltage is equal to zero and the current 

amplitude is increased. The error also caused 

instantaneous fluctuations in the vdc voltage. After 
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troubleshooting, the system returns to normal 

operation after 0.2 seconds using the existing control 

loops. Examination of the results of this section 

shows that the PV system is resistant to faults and 

has the ability to recover the control system after 

troubleshooting. 

D) DC link voltage control and maximum 

power control strategy:  

The power of the array of PV panels, followed 

by the output power of the system, depends to a large 

extent on the level of radiation and the magnitude of 

the dc link voltage. In this scenario, the performance 

as well as the importance of using the MPPT 

strategy will be examined. According to Fig. 12, the 

initial value for the radiation level in this scenario is 

1000 W/m2. In this case, the dc link voltage is equal 

to 384 kV and the output power is equivalent to 

198.5 kW is delivered to the network.  

After 0.5 seconds from the time of simulation, 

the maximum power control strategy is activated 

and increases the output power to 236 kW by 

increasing the dc link voltage to 481 volts. The 

output power is increased by adjusting the dc link 

voltage at a constant radiation intensity. 

Fig. 13 shows the changes in radiation 

intensity. Then in one second the radiation intensity 

is reduced to 500 watts per square meter while the 

dc link voltage continues to follow the reference 

voltage. According to Fig. 14, the output power is 

reduced to 117 kW due to the dependence on the 

radiation level, and in 1.5 seconds, when the MPPT 

control is deactivated, the output power is reduced 

to 100 kW. As can be deduced from this scenario 

and its related results, using the maximum power 

control strategy, at a constant radiation intensity by 

changing the dc link voltage and adjusting its 

optimal value can be used to produce the maximum 

output power and transmit it used to the network. 

A) Independent control of active power and 

reactive power:  

In this case, the capability of the PV system in 

controlling the active and reactive powers without 

interdependence is examined. The radiation inten-

sity is considered to be 1000 watts per square meter. 

When the dc voltage is 480 volts, the output power 

is about 237 kW and the reactive power is zero. At 

0.5 seconds, the reference dc voltage drops to 384 

volts, and as shown in Fig. 15, after 0.2 seconds, the 

dc voltage follows this reference value. 

The output power is then reduced to 198 kW, 

while the reactive output power does not change as 

shown in Fig. 16. Active reduction reduces the 

amplitude of the line current, but as shown in Fig. 

17, the phase difference between the line current and 

the PCC voltage is still zero. In one second, the 

reactive power increases by 32 kV and the line 

current is post-phase in relation to the PCC voltage. 

Reactive power changes have no effect on the 

amount of active power. In 1.2 seconds, the reactive 

power of the system becomes zero again and the 

power factor of the system becomes equal to 1. 

Reactive power changes cause momentary changes 

in the current-carrying amplitude of the voltage 

converter, leading to an exchange of power between 

the line capacitor and the converter. Therefore, the 

capacitor absorbs reactive power by increasing the 

current amplitude and produces reactive power by 

decreasing it. Since the active power is set to the 

desired value and does not change, the transient 

created by the reactive power change must be 

exchanged with the dc side or the dc link capacitor. 

Therefore, the dc voltage is momentarily disturbed. 

 

 
Fig. 11. Link dc voltage 

 

 
Fig. 12. Link voltage dc 

 
Fig. 13. Changes in radiation intensity 
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Fig. 14. Output power of photovoltaic system 

 
Fig. 15. Dc link voltage in independent control of power 

 

 
Fig. 16. Active and reactive power System output in 

independent control of active and reactive power 

 
Fig. 17. PCC line current and voltage phase in independent 

control of active and reactive capacities 

B) System performance without feedback 

compensator:  

All the scenarios proposed so far have been 

simulated assuming that the feedback compensation 

mechanism is active. As it was observed, using the 

proposed control strategies, the PV system maint-

ains its stability under different conditions and 

various disturbances and has a desirable perform-

ance. In this scenario, the operation of the PV system 

will be investigated without considering the feedba-

ck compensating effect. 

Fig. 18 shows the response of the PV system 

during vdcref changes and when the feedback 

compensator is inactive. According to this figure, 

the vdcref is reduced from 480 volts to 384 volts, 360 

volts, 336 V and 326 V. In the first two steps, vdc 

follows the vdcref value optimally and the system is 

stable. In the third stage, by changing the vdcref, the 

system oscillates. The persistence of these fluctua-

tions causes similar fluctuations in the output power, 

PCC voltage and operating frequency of the corres-

ponding PV system. 

These fluctuations penetrate the distribution 

network and can stimulate the torsional mode of 

some motor loads related to consumers. In the fourth 

step, reducing the vdcref value to 326 V causes system 

instability. At 1.5 seconds, the d-axis current does 

not follow the reference value and the system 

becomes unstable. 

Fig. 19 shows the response of the PV system to 

the gradual changes of the dc voltage reference with 

the presence of a feedback compensation strategy. 

As can be seen, using the proposed strategy, dc 

reference voltage changes have no effect on the 

stability of the PV system and follow the reference 

values in all conditions of dc voltage and d-axis 

current. The stability of the PV system in the 

absence of feedback compensator due to the 

nonlinear characteristic of the PV system strongly 

depends on the changes in the working point. 

 

 
Fig. 18. Reference voltage of dc link 

  
 

Fig. 19. DC link voltage 

C) The effect of the proposed dc/dc converter 

on the performance of the PV system:  
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In this scenario, the array of PV panels is 

connected to the mains via a dc/dc converter and a 

three-phase voltage source converter.  

Figs. 20, 21 and 22 show the simulation results 

of this scenario. Maximum power tracking in this 

scenario is applied to the dc/dc converter gate based 

on the incremental conduction strategy. 

The 5 kHz dc / dc converter increases the 

normal voltage of the PV array, which at a maximum 

power of 273 volts’ dc, to 500 volts’ dc. The voltage 

source converter converts the dc link voltage of 500 

volts to an ac voltage of 260 volts. The voltage 

source converter uses the power control loop to 

generate reference currents. The scenario starts in 

standard conditions with a temperature of 25oC and 

a radiation intensity of 1000 watts per square meter.  

The switching pulses of the dc/dc and dc/ac 

converters are cut off from zero to 0.05 seconds. At 

this time, the dc link capacitor is charged and the dc 

link voltage reaches 500 volts. In fact, this voltage is 

equivalent to the open circuit voltage of an array of 

PV panels. In 0.05 seconds, the dc/dc and dc/ac 

converter pulses are activated and the dc link voltage 

is set to 500 volts. The duty cycle of the dc/dc 

converter in this case is set to 0.5. In 0.25 seconds, 

the system reaches a steady state and reaches 250 

volts according to the voltage relation of the array of 

PV panels. In this case, the output power of the 

photovoltaic array is 96 kW, while the maximum 

power in radiation of one kW per square meter 

should be 100.7 kW. At 0.4 seconds, the maximum 

power control mechanism is activated and by 

changing the duty cycle, the PV voltage is adjusted 

and the maximum power is received from the array. 

The maximum power is obtained in the duty cycle 

of 0.454. At 0.6 to 1.1 seconds, the amount of 

radiation has decreased from 1000 watts per square 

meter to 250 watts per square meter. However, using 

the MPPT strategy, maximum power is pursued. At 

1.2 to 2.5 seconds, the amount of radiation returned 

to 1000 watts per square meter, then the temperature 

increased to 50 degrees Celsius. With increasing 

temperature from 25 °C to 50 °C, the amount of 

array power has decreased from 100.7 kW to 93 kW. 

 

 

Fig. 20. PV output power 

 
Fig. 21. Task cycle 

 
Fig. 22. Link dc voltage 

 

4. Conclusion 

This paper presents a feedback strategy for 

completing the DC voltage control loop. Using this 

strategy, the nonlinear characteristic effect of PV 

panels is eliminated. Therefore, using this method 

allows the design of DC link voltage controller 

independently of the operating point of the PV 

system. 

Using the feed compensation mechanism for 

the dc link voltage control loop, the nonlinear 

characteristic effect of photovoltaic panels is 

removed from the control loop and allows the design 

and optimization of the dc link voltage controller for 

a wide range of work points. The efficiency of the 

forward compensation strategy and its effect on 

improving the transient response of the system have 

been investigated and confirmed using simulations 

of radiation level and temperature changes. Finally, 

the performance of the PV system as a distributed 

generation source was investigated and the most 

important system transitions were evaluated through 

simulation. The proposed control strategy makes it 

possible to maximize the output power by using dc 

link voltage control. 
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