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ABSTRACT 
A novel photovoltaic fed Dynamic Voltage Restorer (DVR) is proposed to defect intensive voltage sags, voltage swells and power 
outages on a low voltage distribution system during all time. Issues confronting industriesand homes as to power qualities are for 
the most part due to voltage sag, short duration voltage swell and long span power interruptions. The rating and plan of 
arrangement injection transformer of the DVR is exhibited. On-line type DVR has been exhibited to compensate the voltage sag in 
the system. Converter switch is controlled by fuzzy-based perturb and observe (P&O) maximum power point tracking (MPPT) 
algorithm and it eliminates the drawback in the conventional PV system. Further, the usage of low step up DC–DC converter with 
fuzzy based Perturb and Observe (P&O) Maximum Power Point Tracking (MPPT) calculation takes out the downside of 
conventional PV based DVR by tracking maximum power point of the PV array. An emulation utilizing MATLAB Simulink is 
introduced to approve the benefit of the proposed system. 
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INTRODUCTION 

 

 PV-DVR system has turned to be an ideal answer for a home or small industry. Especially in Tamil Nadu, 

India, country regions that have a considerable amount of insolation and have more frequent power interruptions 

on every day. This might happen in the creating nations, where the produced electrical power is not exactly their 

demand. Problems facing industries and residences regarding the power qualities are mostly because of voltage 

sag, short duration voltage swell and long term power intrusions [1]. The outage refers to an interruption of 

power for long term [3]. The concept of utilizing the DVR for voltage sag and outage mitigation without PV 

system is introduced. The rating and design of series injection transformer of the DVR is presented in many 

research works have been carried out on focusing the design and control of DVR.Numerous exploration works 

have been done in the discovery of voltage unsettling influences [4]. 

 In PV worked DVR has been introduced to compensate the voltage sag of the system. It doesn't give any 

monetary advantage to the clients. To beat the demerits of the above mentioned conventional DVRs, another 

idea for ideal usage of PV solar system inverter as a DVR for voltage sag, voltage swell and blackout mitigation 

with huge energy conservation has been proposed. A MATLAB simulation results and experimental results are 

exhibited to accept the proposed technique [14]. 

 

System Description: 

 The modified system consists of a PV array, low step-up DC–DC converter with P&O MPPT algorithm, 

battery, high step-up DC– DC converter, PWM inverter, series injection transformer and semiconductor 
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switches S1, S2, S3, R1 and R2.When the grid voltage is normal, switches S1 and S3 are normally closed and S2 is 

normally open. When the grid fails or when the PV array generates excess power, then the switches is activated 

and the inverter supplies the load. The power semiconductor switches are controlled by the voltage sensor and 

logical components. The proposed PV-DVR is operated in the following four modes of operation: 

1) Compensation mode or DVR mode 

2) Uninterruptable power supply (UPS) mode 

3) Energy conservation mode 

4) Maintenance mode or idle mode 

 

(1)Compensation mode or DVR mode:  

 In this mode, the proposed PV-DVR is utilized to regulate the voltage at the load side. During this operation 

a series injection transformer is configured in series with the load to compensate the voltage sag/swell. The 

control logic of the DVR mode is shown in Table.1.  

 
Table 1:Control signals for S1, S2, and S3  

Supply Voltage 

in % 

Control Signals Mode of operation 

S1 S2 S3 

100 1 0 1 Idle Mode 

0 0 1 0 UPS Mode 

>100 1 0 0 DVR Mode 

<100 1 0 0 DVR Mode 

 

(2) Uninterruptable Power Supply: 

(UPS) mode: 

 In this mode, the series injection transformer of PV-DVR is reconfigured into parallel to provide the 

uninterruptable power supply to load on both daytime and night time. 

The PV cell output voltage is expressed as: 

Vc =(A kTc/e) ln ((Iph+Io+Ic)/Io)-RsIc           (1) 

VPV=VC*Ns              (2) 

IC=IPV/Np               (3) 

 Where e is the charge of electron (1.602*10^-19 c), A is curve fitting factor (1.23), Vc is the output voltage 

of PV cell in volts, Iph is the photo current in A (8.07 A), Io is the reverse saturation current of diode (48.10 

*10^-9 A), k is Boltzmann constant (1.38 *10^-23 J/K), Ic is the cell output current in A, Rs is the cell internal 

resistance (0.210 Ω), Tc is the operating temperature of the reference cell (25◦C), VPV is the output voltage of 

PV array, IPV is the output current of the PV array, Ns is the number of series cell (9) and Np is the number of 

parallel cells (6). The design parameters Iph, I0, Rs and A are determined from the data sheet and V–I 

characteristics of the PV array. 

  

 
  

Fig. 1: PV modelling with low step-up boost Converter. 

 

 The parameters of the PV array are obtained by a series of tests under different solar irradiation and 

temperature levels and then using curve fitting approaches to the graphs obtained. These parameters are then 

obtained so that the mathematical model gives the same curve as obtained from experiments. The curve fitting 

factor A is used to adjust V–I characteristics of the cell to actual characteristics obtained by the testing. A 

change in solar irradiation level and operating temperature affect the output voltage of the cell. 
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 The operating temperature of solar cell varies as a function of solar irradiation level and ambient 

temperature. The effect of change in ambient temperature and solar irradiation levels are represented in the 

model by the temperature coefficients CTV and CTI. 

𝐶𝑇𝑉 = 1 + 𝛽𝑇(𝑇𝑎 − 𝑇𝑌)             (4) 

𝐶𝑇𝑉 = 1 +
𝜆𝑇

𝑆𝑇 
(𝑇𝑌 − 𝑇𝐴               (5) 

 Where, βT = 0.004 and CT = 0.006. These two parameters are used to scale the effects of temperature and 

solar irradiation levels on PV cell voltage and current. βT is the slope of the coefficient CTV, affecting the 

change in voltage due to temperature change. CT is a constant representing the change in operating temperature 

due to solar irradiation. Ta and Ty represent the ambient temperature of the cell and atmosphere, respectively. 

 The new value of cell output voltage and photo current can be expressed as follows: 

𝑉𝐶𝑌 = 𝐶𝑇𝑉𝐶𝑆𝑉 𝑉𝐶               (6) 

𝐼𝑃ℎ𝑦 = 𝐶𝑇𝑉𝐶𝑔𝐼𝑝ℎ              (7) 

𝑇𝐶 = 𝛼𝑆(𝑆𝑇 − 𝑆𝑅)              (8) 

 The low step-up DC–DC converter shown in Fig.1is designed using the following basic equations. This is 

designed to automatically track the maximum power point of the PV array. In the proposed DVR, a low step-up 

DC–DC converter with P&O MPPT algorithm based onfuzzy controller is incorporated to track the maximum 

power point of the PV array. When the switch S is on, the diode Dm is reverse biased by the switch and Vc, thus 

isolating the output stage. The input current (is), which raises, flows through inductor L and switch S. The input 

Vs supplies energy to the inductor during on period (Ton). 

The voltage across the inductor (L) is shown in 

𝑉𝐿 =
𝐿𝑡𝑑𝑖𝑖

𝑑𝑡
              (9) 

 When the switch S is turned off, the inductor current is forced to flow through the diode Dm and load for a 

period (Toff). As the current tends to decrease, polarity of the emf induced in inductor L is reversed and it is 

connected in series with voltage source Vs and load through diode Dm. The output voltage V0 can be expressed 

as, 

VO = Vt +
Ldit

dt 
             (10) 

 The average output voltage of the converter is depicted in 

V0=Vs/ (1-D)              (11) 

Where D is duty cycle (i.e.) 

D=Ton/ (Ton+Toff)            (12) 

  

MAXIMUM POWER POINT TRACKING METHOD: 

 The MPPT is an essential part of a PV solar system. The P&O MPPT algorithm applies a small increment 

or decrement of perturb voltage ∆V to the operating voltage of PV module. The parameters VPV and IPV 

measured from the output of PV array are utilized to generate control signal (Vref) for the PWM generator. The 

Vref compared to a saw tooth wave with 20 kHz frequency generates the PWM pulse. The inputs and output of 

fuzzy controller are expressed as a set of linguistic variables as follows:NB-Negative Big, NS-Negative Small, 

Z-Zero, PS-Positive Small and PB-Positive Big. The output of the fuzzy is chosenfrom a set of semantic rules 

that lead to track the maximum power point of PV array. 

 Usually, the output voltage level of the low step-up DC–DC converter and batteries are low. Hence, it is not 

sufficient to inject the required amount of voltage to the load to mitigate deep voltage sags, swells and outages. 

For that a high step up DC–DC converter is used to step-up the low voltage DC (24 V) into high voltage DC 

(230 V).  

 The main function of this converter is to maintain a constant voltage (230 V) across the DC link of inverter. 

The control part comprised of Low Pass Filter (LPF) saw tooth wave generator, PI controller, comparator and 

relational operator. The low pass filter eliminates the high frequency component from the output of converter. 

The comparator forms an error signal by comparing the reference and actual output of the converter.  

 

DVR CONTROLLER: 

 The control plan used to maintain a constant voltage magnitude at the load point, under system disturbance. 

In the proposed controller, a discrete single phase PLL is utilized to track the phase angle of the source voltage 

to perform the parks transformation on the measured single phase voltage. 

 The generated Vref is utilized to produce switching pulses for VSI. The basic idea of SPWM is to compare a 

sinusoidal control signal (Vref) of normal frequency 50 Hz with a triangular carrier waveform (Vcarrier) with 20 

kHz signal to produce the PWM pulses. When the control signal is greater than the carrier signal, the switches 

are turned on, and their counter switches are turned off. The output voltage of the inverter mitigates the voltage 

sag, swell and outage. 
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 To illustrate the capability of the PV-DVR for voltage sag, voltage swell and outage mitigation, a single 

phase system isconsidered. The proposed DVR model is simulated by MATLAB Simulink to compensate 

voltage sag, voltage swell and outages at the load side. The total simulation period is 1 s. In MATLAB simulink, 

DVR is simulated to be in operation only when the supply voltagediffers from its nominal value or when the PV 

array generates excessive power or equal power to the load demand. It reduces the energy consumption from the 

utility grid. A single phase controlled voltage source is used to provide a single phase variable voltage at the 

source end. As presented inPV characteristic of a PV module, a reduced voltage (114 V) is applied, during the 

period0.1–0.2 s, a raised voltage (253 V) is applied, during the period0.7–0.8 s and zero voltage (0 V) is applied, 

during the period 0.3–0.6 s. The voltage sag and voltage swell at the source point is 50%and 110% with respect 

to the reference voltage. The injected voltage, load voltage and load current of the DVR are showed from the 

simulation results, it is observed that the load voltage is unaffected by the voltage variation events. 

 

(A).SIMULININK MODEL OF INVERTER: 

 

 
 

Fig. 2: (a) 

 

(B).SIMULINK MODEL OF BOOST CONVERTER: 

 

 
 

Fig. 2: (b) 

(C).SIMULINK MODEL OF CONVERTER: 
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Fig. 2: (c) 

 

(D). SIMULINK MODEL OF PV ARRAY: 

 

 
 

Fig. 2: (d) 

 

(E). SIMULATION OF SINGLE PHASE PV DVR: 

 

 
 

Fig.2. (e) 

 

 

SIMULATION OUTPUT: 
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Fig. 3:  

 

Conclusion: 

 This paper presents a novel application of using a PV solar system as DVR for voltage sag/swell and outage 

mitigation at a residence or small industry. A DC–DC converter with fuzzy logic controller based P&O MPPT 

algorithm is implemented to track the maximum power point of the PV array. This novel PV-DVR is designed 

to reduce the energy consumption from utility grid by disconnecting the utility grid from the load through 

semiconductor switches, when the PV array generates equal or excessive real power to meet the load demand. 

The simulation and experimental results show the capability of PV-DVR in mitigating the voltage variation. 
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