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Difficulties with the quality of power come up as an effect of the inte-
conneted renewable energy through grid called as distribution generation
(DG) scheme. The voltage harmonics and swell-sag are happened in the
utility grid as a result of power quality issues, affecting end-level consumers.
Moreover, grid islanding issues is considered the most affected problem in
distribution system for affecting the uninterrupted energy-flow to respective
load demand. The main aim of this paper provides affective designing of the
suitable cost-effective multi-functional dynamic voltage restorer (MF-DVR)
has been proposed for resolving the problems. The major objective is
mitigation of voltage-interruptions during grid-islanding, voltage-sag,
voltage-swell and voltage-harmonics, any voltage quality in the utility grid,
by utilizing the solar photovoltaic (PV) integrated MF-DVR as DG scheme
through synchronous reference frame (SRF) control theory. Also, it can
regulate the voltage and phase of the distribution system during sudden
voltage interruptions occurred in grid-islanding. The performance of the
proposed SRF controlled MFDVR for power-quality (PQ) improvement and
DG integration during grid-islanding has been validated via Matlab/Simulink
computing tool; the simulation findings are shown with an appealing
comparison analysis.
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1. INTRODUCTION

The key motivations for creating more power production units to supply the required power need are
the introduction of emerging industries, fast population increase, and deterioration of resources from the
earth. To accommodate peak demand, several million crores are invested on new energy-generation facilities
and transmission corridors [1]. Major initiatives have been undertaken across the world to encourage the
adoption of renewable energy for electric power generation as distributed generation (DG) scheme [2]-[5].
The DG is generally utilized as an alternative source of energy, providing uninterrupted power to end-user
customers when power failures or grid islanding circumstances. The DG delivers constant energy in relation
to the needed demand of the load, with advantages such as lower transmission losses and costs and higher
efficiency [6]. Solar photovoltaic (PV) is an essential component of the DG-supplied distribution network
due to its abundance, virtue, ecological sustainability, and noiselessness [7]. Under DG procedures, received
solar-generated energy is linked directly to the common point (PCC) pf the electrical supply network’s by

means of power-electronic conversions and a suitable management structure [8].
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The effective functioning of DG systems in distribution lines requires a variety of limitations,
notably a flexible energy source, continuous assistance, and power-quality (PQ) criteria [9], [10]. Obtaining
quality power is an important factor in secondary distribution lines since it has substantial ramifications for
end-user customers and utility-grid. It is growing due to the extensive usage of large PE conversion loads
such as commercial speed drives, switched-convertible load equipment, arc burners, and massive inductive
loads. The introduction of PQ difficulties has major consequences for the power distribution system,
influencing source current, voltage, and its system frequency [11]. The primary reasons of inadequate power
quality include voltage source disturbances, voltage harmonics, and sags-swells [12]. Furthermore, grid
islanding difficulties are recognized as an extremely serious problem, influencing the constant delivery of
electricity to load in relation with the peak demand [13].

Many researchers and electrical engineers are currently developing the new PQ elimination devices
based on custom-power device techniques (CPD) [14], [15]. Multiple CPD apparatus can be easily accessible
to address certain PQ difficulties, leading to maintain the sinusoidal in form, well-balanced, linear form and
fundamental in nature of the distribution system. Static compensators, distributed static compensator
(DSTATCOM) [16], active power filter (APF) [17], dynamic voltage restorer (DVR) [18], and others are
examples of prominent CP devices. According to the literature, the DVR is the best CPD because it is
inexpensive, small in size, and responds rapidly to voltage disturbances [18], [19].

The main aim of this work is, developing the suitable cost-effective multi-functional dynamic
voltage restorer (MF-DVR) has been proposed for resolving the problems. The MF-DVR play an important
role in reducing voltage problems in grid-connected distribution networks. In grid powered distribution
networks, an energy-effective solar PV fed MF-DVR paired with a Pl controller and a novel DC to DC
boosting converter regulates grid changes [20], [21] which contributes the generation of clean, energy while
decreasing harmful pollutants. It can handle critical loads in an instance of a grid disruption, improving
dependability while also solving energy-related problems. The proposed solar-PV fed MF-DVR requisite
voltage-source inverter (VSI) linked via series form powered by solar-PV system, the maximum solar-PV
power is extracted by INC-MPPT control algorithm.

Utilizing an appropriate control technique, the suggested MF-DVR minimizes voltage concerns in
grid-islanding as well as other voltages-related PQ problems in utility-grid linked distribution systems. The
suggested solar-PV based MF-DVR is designed to extract viable voltage data by monitoring both the utility-
source and non-linear load voltages. In broadly, the synchronous reference frame (SRF) control concept [22],
[23] is usually utilized to determine the best voltage reference for possible restoration performed by a series
linked MF-DVR equipment. The major objective is mitigation of voltage-interruptions during grid-islanding,
voltage-sag, voltage-swell and voltage-harmonics, any voltage quality in the utility grid, by utilizing the solar
PV integrated MF-DVR as DG scheme through suitable control scheme. Also, it can regulate the voltage and
phase of the distribution system during sudden voltage interruptions occurred in grid-islanding. The
performance of the proposed SRF controlled MFDVR for PQ improvement and DG integration during grid-
islanding has been validated via Matlab/Simulink computing tool; the simulation findings are shown with an
appealing comparison analysis.

2. PROPOSED METHOD

The block diagram of proposed solar-PV fed MF-DVR device for compensation of grid-islanding
and PQ issues is depicted in Figure 1. The designed solar-PV fed MF-DVR is integrated to grid powered
distribution system in a series fashion for regulating the voltage related PQ issues. It consists of series
connected VSI, control scheme, gate drive circuitry, solar-PV arrays, DC-DC boost converter, and line
interfacing filters.

Furthermore, series VSI of MF-DVR served as an active filtering, it reducing all voltage-related
issues and balancing the load demand. The MF-DVR’s series-VSI is linked to the PCC distribution network
through a 1:1 line coupled transformer equipped with outside RC filtering devices that reduce irregular
notching influences. The available solar-PV output has been delivered directly into the MF-DVR to eliminate
voltage quality concerns and to regulate load voltage changes when voltage disturbances. The accessibility of
solar-PV energy is immediately incorporated into the MF-DVR with a DC-DC boosting converter, resulting
in a significant boost voltage that is managed through INC-MPPT controller. It increases the extraction of
solar-PV power under fluctuating temperature and irradiance conditions. The available solar PV power is
distributed to the electrical distribution line using the series-VSI integrated MF-DVR apparatus has been
controlled by using the SRF control unit.
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Figure 1. Block diagram of proposed solar-PV fed MF-DVR device for compensation of grid-islanding and
power-quality issues

3. PROPOSED CONTROL ALGORITHM

The MF-DVR’s series integrated VSI is used to correct for all voltage-related PQ difficulties as well
as grid-islanding difficulties at the PCC, resulting in continuous power delivery incorporated into a utility-
grid network. The appropriate emergence of the MF-DVR’s series-integrated VSI is based on the
development of a highly effective voltage reference via an SRF control using a suitable proportion of the
precise voltage. Park’s transformation technique converts the precise voltage of the supply in an ordinary
abc-frame (VL.abc) into the rotational dg-frame (\Vdg0.act) axis.
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Where 6 denotes the translation factor, o indicates the velocity of the axis, Vi anc IS the precise NL
load voltage in abc frame, and Vdq0.abc denotes the translated dq frames, respectively. The voltage that is
acts as a reference remains constant during operation, then the voltages that are part of the dg-frame as 1p.u.,
Op.u. Following transformation, the original voltage (Vaqact) may be distinct from voltage reference (Vaq.ref) to
provide adequate compensating voltages as well as specific error occurrences. These error occurrences can be
decreased using a proportional-integral Pl controller with properly calibrated gain levels. The transfer
function of PI control loop is listed below:

Uerr(s) = kpq + % Eerr(s) ©)

Figure 2 depicts the schematic arrangement of the SRF control for the series integrated VSI of the
MF-DVR device. Although error occurrences has been reduced, the output of the PI controller is interpreted
as a final reference signal (Vdg.ref*). The reference signals are re-translated as dg-abc frame by using the
inverse translation approach, as given in (5),

V;q.ref = (qu.ref - qu.act) (4)
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Figure 2. Schematic design of SRF controller for series-connected VSI of MF-DVR

Finally, the generated reference signals from substantial SRF controller is forwarded to sinusoidal
pulse-width modulation (SPWM) for furnishing the feasible pulses to VSI of MF-DVR for mitigation of grid-
islanding issues as voltage interruptions, voltage sag-swells, voltage harmonics and active-power regulation
by employing solar-PV system. The overall schematic diagram of proposed solar-PV fed MF-DVR device
for compensation of grid-islanding and PQ issues is depicted in Figure 3. The performance of the proposed
SRF controlled MFDVR for PQ improvement and DG integration during grid-islanding has been validated
via Matlab/Simulink computing tool; the simulation findings are shown with an appealing comparison
analysis. The simulation data are shown in Table 1.
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Figure 3. Overall model of solar-PV fed proposed MF-DVR device for compensation of grid-islanding and
power-quality issues

Table 1. Simulation data

S.No  Simulation parameters Values
1 Supply voltage Vsane-415 V, Fs-50 Hz
2 Supply impedance Rs-0.1 Q, Ls-0.9 mH
3 Load impedance R-20 Q, L-30 mH
4 DC capacitor Vy-880 V, Cg:-1,500 pF
5 MF-DVR VSI’s filter Ri-1 Q, Ct-100 pF
6 Solar-PV values V440 V, 1,,-25 A, Pp-11 KW
7 PI controller Kp-1, Ki-0.1
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4. RESULTS AND DISCUSSION
4.1. Performance analysis of solar-PV integrated MF-DVR for compensation of grid-islanding issues
As shown in Figure 4, the simulated results of solar-PV integrated MF-DVR for compensation of
grid-islanding issues. In this case, the grid connected distribution system is powered by a utility-grid supply
voltage of 415 Vrms with a supply frequency of 50 Hz to drive the critical load system. The supply voltage is
affected by grid-islanding issue due to sudden voltage interruptions occurred in between the 0.1 sec <t<0.3
sec, causing a serious voltage-drop in grid connected distribution system. The load system doesn’t function
continuously in this time-period due to grid comes under islanding mode. During this time, the series-
connected SRF controlled solar-PV powered VSI of MF-DVR injects requisite supply voltage via in-phase
injection principle to furnish the required voltage to the load to make load voltage as constant, sinusoidal and
balanced in nature. During pre-islanding case before time t=0.1 sec, the source voltage is kept constant at a
value of 340 V. As well as the voltage interruptions of 0 p.u on supply voltage are occurred in between 0.1
sec <t<0.3 sec, the supply voltage has been zero 0 value due to grid-islanding is shown in Figure 4(a). When
grid-islanding has been occurred, the series-connected SRF controlled solar-PV powered VSI of MF-DVR
injects requisite supply voltage of 340 V to keep load voltage as constant and balanced nature of 340V is
shown in Figures 4(b) and 4(c). The above compensation has been initiated by energizing the DC-link
capacitor through extracted solar-PV voltage of 880V with a solar-PV current of 12.5 A to furnish required
solar-PV power of 11KW is shown in Figures 4(d)-(f). The INC-MPPT control algorithm is employed for
extraction of maximum solar-PV power which delivers to critical load power as constant. During the grid-
islanding period, the utility-grid supply power drops to OW and then the solar-PV powered VSI of MF-DVR
injects the requisite active-power of nearly 9.5 KW to achieve the critical load power of 9.9 KW as depicted
in Figure 4(g).
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Figure 4. Simulation results of solar-PV integrated MF-DVR for compensation of grid-islanding issues,
(a) utility-grid supply voltage, (b) load voltage, (c) MF-DVR injected voltage, (d) solar-PV voltage,
(e) solar-PV current, (f) solar-PV power, and (g) active power
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4.2. Solar-PV integrated MF-DVR for compensation of voltage-related PQ issues

As shown in Figure 5, the simulated results of solar-PV integrated MF-DVR for compensation of
voltage-related PQ issues. The grid connected distribution system is powered by a supply voltage of
415 Vrms with a supply frequency of 50 Hz to drive the critical load system. In this case, the voltage related
PQ issues are occurred in utility-grid supply such as voltage sag-swells and voltage harmonics under certain
transition time-period affecting the critical load voltage. During pre-sag case before time t=0.4 sec, the
supply voltage is kept constant at a value of 340 V and the voltage sag of 0.5p.u of supply voltage has been
applied in between 0.4 sec <t<0.6 sec, the source voltage is slightly decreased with a value of 170 V. During
this time period, the SRF controlled solar-PV fed MF-DVR injecting the required voltage of 170 V to keep
load voltage as constant with a value of 340 V is depicted in Figures 5(a)-(c). The above compensation has
been initiated by energizing the DC-link capacitor through extracted solar-PV voltage of 880 V with a solar-
PV current of 7 A to furnish required solar-PV power of 6 KW is shown in Figures 5(d)-(f). The INC-MPPT
control algorithm is employed for extraction of maximum solar-PV power which delivers to critical load
power as constant. During the voltage-sag period, the utility-grid supply power decreases to 4.4 KW and then
the solar-PV powered VSI of MF-DVR injects the requisite active-power of nearly 5.5 KW to achieve the
critical load power of 9.9 KW as depicted in Figure 5(Q).

During pre-swell case before time t=0.7 sec, the source voltage is kept constant at a value of 340 V
and the voltage swell of 1.5 p.u of supply voltage has been applied in between 0.7 sec <t<0.9 sec, the supply
voltage is increased with a value of 510 V. During this time period, the SRF controlled solar-PV fed MF-
DVR injecting/extracted the required voltage of -170 V to keep load voltage as constant with a value of 340
V is depicted in Figures 5(a)-(c). The above compensation has been initiated by energizing the DC-link
capacitor through extracted solar-PV voltage of 880 V with a solar-PV current of -4A to furnish required
solar-PV power of -5 KW is shown in Figures 5(d)-(f). The INC-MPPT control algorithm is employed for
extraction of maximum solar-PV power which delivers to critical load power as constant. During the voltage-
swell period, the utility-grid supply power increased to 12.8 KW and then the solar-PV powered VSI of MF-
DVR injects the requisite active-power of nearly -2.9 KW to achieve the critical load power of 9.9 KW as
depicted in Figure 5(g).
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Figure 5. Simulation results of solar-PV integrated MF-DVR for compensation of voltage related power-
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The supply voltage is affected by 5" and 7™ order harmonics during voltage harmonics, between 1
sec <t<1.2 sec, causing a serious voltage harmonics injection into grid connected distribution system. During
this time, the series-connected VSI of the SRF controlled solar-PV fed MF-DVR injects requisite voltage
based on the operation of in-phase opposition principle to mitigate the voltage harmonics in the load and
attains harmonic-free response. The THD analysis of supply voltage during harmonic presence achieves
20.62% and critical load voltage during harmonic compensation by solar-PV fed DVR with a value of 0.58%,
which is well within IEEE-519/2014 standards compensated by series connected VSI of SRF controlled
solar-PV fed MF-DVR as shown in Figure 6. The THD comparisons of supply voltage and critical load
voltage of with and without solar-PV fed MF-DVR are illustrated in Table 2.
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Figure 6. THD spectrum of utility-supply voltage and critical load voltage under SRF controlled solar-PV fed
MF-DVR, (a) THD spectrum of utility-supply voltage and (b) THD spectrum of critical load voltage

Table 2. THD comparisons of supply voltage and load voltage of both SRF controlled solar-PV fed MF-DVR

THD (%) Supply voltage  Critical load voltage
Without MF-DVR 20.62% 20.62%
With SRF controlled MF-DVR 20.62% 0.58%

5. CONCLUSION
The critical evaluation of proposed SRF controlled solar-PV fed MF-DVR enhancing the grid-

islanding issues and voltage type PQ issues in the utility-grid linked distribution network. In this work, an
efficient solar-PV provides the requisite energy during grid-islanding to make critical load voltage as
constant, balanced and sinusoidal wave-shape. Moreover, the solar-PV fed MF-DVR mitigates the voltage
related issues such as voltage sags-swells, voltage harmonics in supply voltage to make critical load voltage
as balanced nature and sinusoidal wave-shape. The proposed scheme delivering the requisite load demand
and enhancing the load voltage which is well within improved PQ specifications and also provides the
constant and uninterruptible power support and also have good PQ enhancement features. The THD analysis
of supply voltage during harmonic presence has been measured as 20.62% and load voltage during SRF
controlled solar-PV fed MF-DVR is measured as 0.58%, which is limited to IEEE-519/2022 limitations.
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