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The distributed generation (DG) scheme has become significant and
advanced energy generation corridor for present power distribution system.
This advanced DG scheme offers several merits such as flexible active
power transfer, low transmission losses, maximize power efficiency, reduce
transmission cost, expanding grid capacity, so on. It is motivated that,
integration of such DG system in to multi-parallel feeder distribution system
with enhanced power-quality features is considered as major problem
statement. The proposed multi-functional unified power-quality conditioner
(MFUPQC) device has robust design, reliable performance; specifically for
addressing the voltage-current affecting PQ issues, regulation of active-
power in multi-parallel distribution system. The fundamental goal of the
MFUPQC device has been to operate as both a PQ improvement device and
a DG integration device by implementing a new universal fundamental
vector reference (UFVR) control algorithm. The suggested innovative
control algorithm extracts the fundamental voltage and current reference
signals with low computational response delay, simple mathematical
formulations and without additional transformations which are also major
problems identified in classical control schemes. This work focuses on
design, operation and performance of MFUPQC device has been evaluated
in both PQ and DG operations in a multi-parallel feeder distribution system
through MATLAB/Simulink computing platform. The simulation results are
illustrated with possible interpretation and analysis.
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1. INTRODUCTION

A multi-feeder network presented in [1]-[3], it is the best choice for secondary distribution system
while regulating the active power-sharing between the multi-parallel feeders by employing advanced
distribution generation (DG) scheme [4]. In this realm, it acts as energy back-up for distributing the
continuous active power to load with respect to demand during sudden interruptions, grid-islanding
operations [5]-[9]. The advanced DG technique is adopted for maximizing the required load demand by using
micro renewable energy sources (MRES) [10]. Also, the MRES associated DG scheme offers several merits
such as flexible active power transfer, low transmission losses, maximize power efficiency, reduce
transmission cost, expanding grid capacity, so on. The DG scheme utilizing the various renewable sources
like wind-energy, solar-photovoltaic (PV), biomass, tidal energies, so on. Amid of several MRES, the solar-
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PV becomes most suitable and best choice for DG scheme due to virtuous, low running cost, flexible power
transfer, no fuel, more operating life and plentiful nature, so on. It is noted that, such solar-PV powered DG
scheme is integrated to multi-parallel feeder distribution system by using advanced power-conditioning
devices well with in enhanced power-quality standards [11]-[15].

The greater importance of power-quality (PQ) has a great recognition in multi-parallel feeder
distribution network due to critical impacts on utility-grid system and end-level customers. It has become
widespread as a result of the use of enormous-sized switch-mode converters for energy conversion, arc
heating systems, intermittent speed motors, and reconfiguration of large non-linear dynamic loads at the
secondary level of distribution, all of which cause PQ deviations and distortions [16], [17]. This PQ problem
prompts the system frequency, grid current, and grid terminal voltage since they are non-sinusoidal and have
harmonised components. Harmonic current imperfections, reactive power decrease, non-ideal power factor,
and imbalanced loads are some of the most common consequences and causes of poor quality of current
waveshape. However, the effects and reasons for voltage quality result in harmonic voltage imperfections,
voltage variations, voltage sag/swells, and unbalanced voltage, indicating polluted power at the common
point (PCC) of the multi-parallel feeding distribution network [18], [19].

In this context, several power engineers must develop current PQ enhancement devices that employ
customised power conditioning (CPC) technologies [20]. This CPC approach employs custom-power devices
to address both voltage and current relative PQ issues, yielding a multi-parallel feeder which can be
sinusoidal in shape, fundamental type, balanced waveform, and linear [21], [22]. Various multi-parallel
feeder CPC devices have been classified based on specific PQ effects and difficulties, such as I-PFC [23],
I-DVR [24], I-UPQC [25], and so on. Among the aforementioned devices, the MFUPQC device is
specifically designed for multi-parallel feeder distribution networks. It can distribute and interchange active-
reactive power across feeders while properly compensating for both voltage-current allied PQ concerns and
ensuring quality power in a multi-parallel feeder distribution network [26], [27].

The arrangement of the MFUPQC circuit is detailed in [28], and it was greatly enhanced by placing
numerous 3-level voltage-source inverters (VSIs) in a sequential configuration. Numerous VSIs are created
by connecting multiple parallel feeders as shunt-series and shunt-shunt interconnection over a common
DC-link source. During DG mode, the generated power from solar-PV is immediately incorporated into the
multi-parallel feeders via an extra power-electronic interface consisting of a DG-VSI and a front-end DC-DC
boost converter. Furthermore, the DG operations are regulated utilising additional droop DG control systems,
increasing their size, complexity and expenses of the compensation approach, as described in [29].
The fundamental goal of the MFUPQC device is to be the best choice for both PQ operations and DG modes
by employing a workable controller [30].

The most common reference voltage-current extraction systems are synchronous reference Id-Iq
frame (SRF) control [31], whereas instantaneous PQ real-power (IRP) control schemes are investigated in
[32]. These control techniques have several constraints, such as complicated synchronous transformations,
complex mathematical formulation, and a long computational reaction delay. Furthermore, typical control
techniques generate a high frequency-based reference signals, which raise dv/dt switching stress, high
switching loss, and reduces the system efficiency. To address the aforementioned challenges, an innovative
and simple universal basic vector reference (UFVR) control method has been suggested, which extracts the
basic voltage-current reference control signals and generates a workable switching pattern to the VSIs of the
MFUPQC device. The proposed UFVR controlled MFUPQC device has flexible and robust performance;
specifically for addressing the compensation of voltage-current affecting PQ issues. And, also regulation of
sharing the active-power is done towards the multi-parallel distribution system during DG operation.
This work focuses on design and performance of UFVR with MFUPQC device in multi-parallel feeding
distribution network under DG and PQ operations has been evaluated by utilizing the MATLAB/Simulink
platform. The simulation results are illustrated with possible interpretation and analysis.

2. PROPOSED METHOD

The block diagram of the proposed GFVR controller fed DG integrated MFUPQC device is shown
in Figure 1. The MFUPQC device conducts both PQ enhancement and DG operations using three 3-level
VSils (VSI-A, VSI-B, and VSI-C) coupled in back-to-back arrangement. In this case, VSI-A is incorporated
into feeder-1 as a series connection and enables to mitigate all voltage-related PQ concerns in the particular
feeder-1. The other VSI-B, VSI-C, is incorporated into feeder-2 as a series-shunt connection and is
configured to mitigate any voltage and current-related PQ concerns in the corresponding feeder. These three
VSiIs are powered by a common DC-link source capacitor (Cqcs) that provides a constant DC voltage of
(Vacs). During PQ mitigation mode, the three VSIs of the MFUPQC device operate as active-power filters,
counteracting the distinct PQ signatures in feeders-1 and 2. The VSI-A, B of the MFUPQC device in feeder-1, 2
are used as series-active filters to compensate for voltage-related PQ issues such as voltage harmonics,
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voltage swells, voltage interruptions, and voltage sag that occur at utility grid source terminal-1, 2. These two
VSlIs, A and B, are connected to feeders 1 and 2 via 1:1 line interfaced transformers with line filters to
eliminate uneven notches. The operation of MFUPQC’s VSI-A, B is demonstrated as an active device for
mitigating voltage difficulties in accordance with the opposition voltage injection theory. It handles the vital
sensitivity load voltage in a well-balanced, low harmonic level sinusoidal-shaped, fundamental manner, with
no disruptions and a linear character.
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Figure 1. Block diagram of proposed GFVR controller fed DG integrated MFUPQC device

Similarly, the VSI-C of the MFUPQC device in feeder-2 serves as a shunt-active filter to
compensate for current-related PQ difficulties caused by non-linear sensitive power-electronic loads.
It reduces harmonic current distortions in grid current, balances grid currents, exchanges reactive power, and
regulates power factor in utility grid source terminal 2. The VSI-C of MFUPQC functions as an active
compensating device for resolving harmonic current difficulties in accordance with the opposition current
injection concept. It manages the grid current as sinusoidal shape, harmonic free, balanced and maintain the
linear profile through converter side line-filters for elimination of uneven notches in injection current. As a
result, the MFUPQC device significantly enhancing the various power-quality issues in PCC of multi-parallel
feeders of distribution system while complying with IEEE standards via proposed UFVR control scheme.

In this system, the solar-PV powered DG decreases utility-grid side active power use while solar-PV
electricity is available. The solar-PV power was managed utilising a front-end DC-DC boost converter using
the incremental-conductance (INC) maximum-power point tracker (MPPT) method. In this regard, solar-PV
power has been employed to energise the non-linear PE load and supplies the needed power in response to
specific load demand. The working of DG scheme is manifested based on current sharing principle between
the solar-PV and utility-grid terminal-2. The required current has been delivered to non-linear PE load based
on availability of solar-PV current with continuous power flow during constant irradiance level. If irradiance
level is high, the solar-PV delivers the maximum current and utility-grid delivers the minimum current with
respect to required load demand. If irradiance level is low, the solar-PV delivers the minimum current and the
remaining current has been delivered by utility-grid with respect to required load demand. The major
advantages of DG scheme include, it doesn’t require additional VSI’s and DG controllers, the VSI-C of
MFUPQC act as DG inverter and UFVR act as DG controller which offers low-cost, size and compact
energy-generation scheme.
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3. PROPOSED UFVR CONTROL ALGORITHM

The suggested UFVR control technique converts the important fundamental reference voltage and
current signals to MFUPQC device with no need of sophisticated synchronous conversions or mathematical
formulations. Furthermore, reference signals with short response latency aid in the generation of a workable
switching pattern to the VSIs of an MFUPQC device during both DG and PQ operations. Furthermore, the
proposed control technique generates low/fundamental switching frequency type reference signals, which
reducing the dv/dt switching stress and losses while increasing system efficiency. Figure 2 illustrates the
suggested UFVR control method. In general, it generates basic reference signals by measuring utility-grid
voltages/currents, as well as sensitive critical load currents in feeders 1 and 2. The obtained current and
voltage signals are processed to attain vector signals in a synchronous notation with a predefined
synchronization angle of (6,) via phase-locked loop (PLL). The extracted three-phase utility-grid voltages in
both feeders-1, 2 are represented as,

VLl.a = Vgl.a sin (95)
Virw = Vg sin (6 = 27/3)
Vite = gl.c sin (95 + 27T/3) (1)

Vniza = Vga.a Sin (65)
Vniap = Vo sin (65 — 2”/3)
VNLZ.C = g2.c SiTl (95 + 27-[/3) (2)

the non-complex load voltage vectors are represented in (3) as,

Y
2 2
Vsg12.abc = {5 (Viiaz2.a + Viiazp + V15L12.c)} 3)

for extracting the unit-vector signals as in-phase quadrature form is represented as,

VLl
.a .
Usglz.a = = Slngs

ng12.abc

%
Usg12.b = b = sin (95 - 21-[/3)
ng12.abc

—_Viie _ 2
Usg12.c = ﬁ =sin (95 + T[/S) (4)
the in-phase quadrature non-complex vector signal (Usgiz.qnc) IS approximated with reference voltage
magnitude (V;..r.,) for getting fundamental reference voltage (Vyer12.qnc) Signal to both series connected
VSI-A, B of MFUPQC device and represented as,

*

|74 =
refl12.a — Ysgl2.a ref m

Vr*eflz.b = Usglz.b * Vref.m
r*eflz.c = Usglz.c * Vref.m (5)

Likewise, the fundamental reference current signal is generated using the in-phase fractional non-
complex vectors signal (Usg12.qpc) @nd the magnitude of reference current (1.5 ,). Using the DC-link control
module, the magnitude of the reference current is calculated from the DG solar-PV-current and common DC.
It minimizes the flow of currents generated by DC in a common DC capacitor while keeping the voltage
constant at the reference value. The current error (V. .) is determined via a comparison of the reference
(V4.r) and real (V;.,) DC capacitor voltages. This is avoided by employing the proportional-integral (PI)
controller with careful selection of proportional (K, 4.) and integral (K;4.) gain levels. The correct current
amplitude (I, 4.) is expressed as,

Vacerr = V(;c.r — Vacs (6)
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Imac = Kp.dc Vac.err) + Kiac I(Vdc.err)dt (7)

the extracted solar-PV current in DG mode is represented as (8).

va.dg+1pv.dg*Rse) _ 1] _ [va.dg"'lpv.dg*Rse] (8)

Im.dg = IL.pv =1, [exp ( v Ren

The in-phase quadrature vector signal (Usgq2.qnc) IS approximated with reference current magnitude (I, 4c)
and extracted solar-PV current (I, q4) for getting fundamental reference current (I7.¢; qpc) Signal to shunt
connected VSI-C of MFUPQC device and represented as (9).

I:efz.a = Usg12.a * (Im.dc + Im.dg)
I;efz.b = Usglz.b * (Im.dc + Im.dg)

I:efz.c = Usg12.c * (Im.dc + Im.dg) 9)

Ultimately, the UFVR control technique produces basic reference signals that help in the
development of appropriate switching conditions for the MFUPQC device’s VSIs. The MFUPQC device
generates switching states to VSI-A and B by distinguishing between the reference voltage signal (Ve r12 apc)
and triangular carrier signals (Vcranc). Based on these switching patterns, VVSI-A and B employ a sinusoidal
pulse-width modulation (SPWM) circuit to alleviate voltage issues in feeders 1 and 2. Similarly, the current
reference signal (I, qpc) is differentiated from the actual current signal (Igianc) to create switching signals
for the MFUPQC’s VSI-C. Based on the above switching sequence, the VSI-C handles current issues in
Feeder-2 by using a hysteresis current controller (HCC). Figure 3 depicts an overview of the proposed
UFVR-controlled MFUPQC device for PQ improvement and DG integration mode.
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Figure 2. Representation of proposed UFVR control scheme
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Figure 3. Overall schematic representation of proposed UFVR controlled MFUPQC device for PQ
enhancement and DG integration scheme

4. RESULTS AND DISCUSSION

In this paper, the design and performance of a UFVR with an MFUPQC device in a multi-parallel
feeder distribution system are assessed under both PQ and DG operations using the MATLAB/Simulink
computational platform. Table 1 shows the MATLAB/Simulink data and values. The suggested UFVR with
MFUPQC device is tested in a multi-parallel feeder distribution system using voltage-quality improvement,
current quality enhancement, and DG integration modes.

Table 1. Simulink data

S. No Simulink data Values
Feeder-2 Feeder-1
1 Utility-grid supply terminal voltage V12.06=415 Vims, 50 Hz
2 Load parameters Vi2a0c=415 Vrms, 50 Hz, VnL1ae=415 Vrms
Ri1ac=30 €, Li1anc=20 MH  Pni1anc=10 KW, Qni1.anc=5 Kvar
3 Supply feeder impedance Rg1.a6c=0.15 Q, L1 apc=0.9 mH
4 1:1 linear line interface transformer Vi apg=415V, P ag=5 KVA, X;2s=10% of leakage reactance
5 Series VSI-A, B line filter Leeas=3 MH, Ce ap =100 pF
6 Shunt VSI-C line filter Rshc=0.001 Q, Lgpc=10 mH
7 Common DC-link source capacitor Caes =1,500 pF, Vgc= 880 V
8 Solar-PV DG specifications Pov.dg=440 V, lpv.4e= 20 A, Pgg=10 KW
9 PI controller Kpac=1.5, Ki:=0.1

4.1. Performance evaluation of proposed UFVR controlled MFUPQC device for voltage-quality
enhancement in feeder-1

Figure 4 in Appendix depicts the simulation results of the recommended UFVR-controlled
MFUPQC device for voltage PQ concerns on feeder 1. Figure 4(a) shows that the feeder-1 is powered by a
three-phase individual utility grid with a fundamental supply frequency of F4-50 Hz and a supply voltage of
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Vgranc-415 Vrms. Feeder-1 has a three-phase critical sensitive linear load that protects against different
voltage-related PQ concerns that may arise in the utility-grid supply voltages. Voltage harmonics, voltage
swell, voltage interruptions, and voltage sags constantly impede the very sensitive load voltage in feeder-1.
Utility-grid voltage is basic, sinusoidal, and steady throughout pre-existing voltage problems before
t-0.15 sec. As seen in Figure 4(a), the utility-grid voltage was distorted at the time instant 0.15 sec<t<0.25 sec
as a result of the presence of voltage harmonics, raising the critical sensitive load voltage. In this regard, the
in-phase opposition voltage injection concept has allowed the suggested UFVR-controlled series VSI-A of
the MFUPQC device to compensate for voltage harmonics while preserving the fundamental nature and
sinusoidal form of the sensitive load voltage, as shown in Figure 4(b). At 340 V, the utility-grid voltage stays
sinusoidal and stable during the pre-happened voltage surge that occurred before t-0.35sec. Voltage-swell
caused the utility-grid voltage to rise dramatically to 510 V at the time instant 0.35 sec<t<0.45 sec, which had
an impact on the important sensitive load voltage’s ability to function continuously, as shown in Figure 4(a).

Accordingly, by extracting an additional voltage of 170 V and keeping the critical dependent load
voltage unchanged and balanced at 340 V, the proposed UFVR regulated series VSI-A of the MFUPQC
system is allowed to adjust the amount of voltage swells through in-phase opposition principle, as shown in
Figure 4(b). Utility-grid voltage is sinusoidal and stable at 340 V for pre-occurred power disturbances prior
to t-0.55sec. Unexpected voltage interruptions caused the utility-grid voltage to drop to 0 V at the time
instant 0.55sec<t<0.65sec, which had an impact on the constant, steady operation of the critical, sensitive
load voltage, as shown in Figure 4(a). In this sense, by injecting the necessary voltage of 340 V and keeping
the critical sensitive load voltage constant and balanced with a value of 340 V, the proposed UFVR regulated
series VSI-A of the MFUPQC equipment is successfully allowed to compensate because of voltage
distractions via the in-phase opposing principle, as shown in Figure 4(b).

Utility-grid voltage stays sinusoidal and stable at 340 V throughout pre-occurred voltage sags prior
to t-0.75 sec. Voltage sags caused the utility-grid voltage to decrease dramatically with a value of 170 V at
the time instant 0.75 sec<t<0.85 sec, which had an impact on the continuous, steady functioning of the
critical sensitive load voltage as shown in Figure 4(a). Accordingly, by injecting the necessary voltage of 170 V
and keeping the critical sensitive load voltage constant and balanced at 340 V, the suggested UFVR regulated
series VSI-A of the MFUPQC equipment is allowed to adjust the amount of voltage drops through in-phase
opposing principle, as shown in Figure 4(b). Figure 4(c) illustrates how the suggested UFVR control
algorithm isolates the essential reference voltage signal that aids in injecting the necessary compensating
voltage for enhancing the voltage quality concerns. According to IEEE-519/2022 standards, Figures 4(d) and
4(e) shows the THD spectrum of utility-grid voltage during voltage harmonic distortions in feeder-1, where a
value of 20.62% is measured, and during compensating during voltage harmonics in essential responsive load
voltage, a value of 0.82% is measured.

4.2. Performance evaluation of proposed UFVR controlled MFUPQC device for voltage-quality
enhancement in feeder-2

The simulation results of the suggested UFVR-regulated MFUPQC apparatus for feeder 2’s voltage
PQ problems are shown in Figure 5 in Appendix. As seen in Figure 5(a), the feeder-2 is operated by a
3-phase individual utility grid with a basic supply frequency of Fg2-50 Hz and a supply voltage of VVg2.abc-
415 Vrms. In feeder-2, a three-phase non-linear PE load was connected as a DBR load. This load is shielded
from various voltage-related PQ issues that may arise in the utility-grid supply voltage. Non-linear DBR load
voltage in feeder-2 is continuously hindered by voltage issues such as voltage harmonics, voltage swell, and
voltage sags. Utility-grid voltage is basic frequency, sinusoidal, and steady throughout pre-existing voltage
problems before t-0.25 sec. The existence of 5" and 7"-degree harmonics in the voltage caused the utility-
grid voltage to be damaged between 0.25 and 0.35 seconds, leading in a non-linear DBR load voltage, as seen
in Figure 5(a). In this sense, the proposed UFVR-controlled series VSI-B of the MFUPQC device has been
made possible to rectify voltage harmonics through the use of the in-phase opposition voltage injection idea,
while maintaining the fundamental characteristics and sinusoidal shape of the non-linear DBR load voltage,
as shown in Figure 5(b). At 340 V, the utility-grid voltage stays sinusoidal and stable during the pre-
happened voltage surge that occurred prior to t-0.45 sec. Voltage-swell caused the utility-grid voltage to rise
marginally to 510 V at the time instant 0.45 sec<t<0.55 sec, which has an effect on the non-linear DBR load
voltage’s continuous operation, as shown in Figure 5(a). To compensate for voltage swells using the in-phase
opposing principle, the recommended UFVR-controlled series VSI-B of the MFUPQC equipment has been
allowed. This has been achieved by extracting an extra voltage of 170 V and keeping the DBR load voltage
constant and balanced at 340 V, as shown in Figure 5(b).

Utility-grid voltage stays sinusoidal and stable at 340 V throughout pre-affected voltage sags prior
to t-0.65 sec. The utility-grid voltage is notably reduced with an amount of 170 V at the time interval 0.65
sec<t<0.75 sec as a result of voltage sags that hinder the constant, steady operation of the non-linear DBR
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voltage, as shown in Figure 5(a). Accordingly, by injecting the necessary voltage of 170 V and keeping the
non-linear DBR voltage unchanged as well as balanced at 340 V, the recommended UFVR regulated series
VSI-B based MFUPQC equipment is allowed to adjust the amount of voltage sags by means of in-phase
opposing principle, as shown in Figure 5(b). As seen in Figure 5(c), the recommended UFVR control
approach separates the essential reference voltage signal, which aids in injecting the required compensating
voltage to improve voltage quality problems. According to IEEE-519/2022 specifications, as shown in
Figures 5(d) and 5(e), the THD spectrum for utility-grid voltage throughout voltage harmonic distortion in
feeder-2 is obtained with an accuracy of 20.58%, as well as during compensation of the voltage harmonics in
non-linear DBR load voltage is calculated with a value of 1.05%.

4.3. Performance evaluation of proposed UFVR controlled MFUPQC device for current-quality
enhancement in feeder-2

The simulation findings of the suggested UFVR-regulated MFUPQC device, which is intended to
offset the current PQ issues in feeder 2, are shown in Figure 6 in Appendix. As seen in Figure 6(a), the
feeder-2 is powered by a three-phase individual utility grid with a fundamental supply frequency of Fg2-50 Hz
and a supply voltage of Vg2.abc-415 Vrms. A three-phase nonlinear DBR is used as the load device in this
feeder-2 to convert energy for a range of uses. The massive non-linear DBR load modifies the basic character
and sinusoidal shape of the utility-grid/PCC current. The injection of currents that are harmonic through these
non-linear DBR loads raises temperature losses and affects the thermal capacities of the remaining loads
within the PCC of the distribution network. Thus, the MFUPQC device’s proposed UFVR driven VSI-C
serves as a shunt-integrated APF. It tackles every PQ issue that currently exists, such as reactive power
regulation, load balancing, current harmonic distortions, and increasing feeder-2 utility-grid side power
factor. To improve current-relative PQ problems in compliance with IEEE/IEC norms, the UFVR controller
primarily enables the acquisition of the fundamental reference current, which helps provide suitable
switching conditions to shunt VSI-C of the MFUPQC device.

As seen in Figures 6(b) and 6(c), it controls the utility-grid/PCC current in a sinusoidal manner,
balancing it with a non-harmonic fundamental frequency of 21 A. This results in a non-linear DBR load
current of 20 A. As seen in Figure 6(d), the MFUPQC device’s shunt VSI-C was recently made capable of
compensating for harmonic variations in utility-grid current by injecting a 10 A compensating current as an
in-phase opposing current injection concept. As seen in Figure 6(e), the utility-grid system has a power factor
of unity at the PCC because the utility-grid current is in phase with the PCC voltage. In the UFVR method,
the dc-link source capacitor is similarly maintained at 880 V using a shared DC-link controller, as seen in
Figure 6(f). As indicated in Figures 6(g) and 6(h), the THD spectrum of the non-linear DBR current in
feeder-2 is measured at 30.03%, while the THD spectrum of the utility-grid/PCC current in feeder-2 is
measured at 2.96% in accordance with IEEE-519/2022 standards.

The THD comparison and graphical visualisation of utility-grid voltage and critical sensitive/non-
linear DBR load voltages for both the proposed UFVR driven MFUPQC devices in feeders 1 and 2 and the
conventional SRF are presented in Table 2 and Figure 7. For the regular IRP and the recommended UFVR
powered MFUPQC device in feeder 1, Table 3 and Figure 8 present THD comparisons and a graphical
representation of the utility-grid/PCC current and sensitive non-linear PE load current.

Table 2. THD comparison of utility-grid voltage and critical sensitive/non-linear DBR load voltages of
conventional SRF and proposed UFVR controlled MFUPQC device in feeders-1, 2

THD (%) Utility-grid voltage  Sensitive load voltage
Feeder-1  Feeder-2
Conventional SRF controlled MFUPQC 20.62% 4.56% 4.85%
device 20.58%
Proposed UFVR controlled MFUPQC 0.82% 1.05%
device

Table 3. THD comparisons of utility-grid/PCC current and sensitive non-linear PE load current of
conventional IRP and proposed UFVR controlled MFUPQC device in feeder-1

THD (%) Non-linear DBR load current  Utility grid/PCC current
Conventional
IRP controlled MFUPQC device 30.19% 5.20%
Proposed UFVR controlled 30.03% 2.96%
MFUPQC device

A novel distributed generation integrated MFUPQC for ... (Moturu Seshu)
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4.4. Performance evaluation of proposed UFVR controlled MFUPQC device for solar-PV powered DG
integration in feeder-2

Figure 9 in Appendix displays the simulation results of the suggested UFVR driven MFUPQC
device for the feeder-2 solar-PV integrated DG system. Feeder-2 usually operated by a three-phase
independent utility grid with a basic supply frequency of Fg2-50 Hz and a supply voltage of VVg2.abc-415
Vrms, as shown in Figure 9(a). In this instance, a solar-PV system is used to assess the performance of the
UFVR operated MFUPQC device during both PQ improvement and DG integration operations. The VSI-C
of the MFUPQC device served as an active power filter at the instant 0 sec<t<1.25 sec, mitigating all current
assessed power quality concerns at the utility grid’s PCC (when solar irradiance is at 0 W/m?). The MFUPQC
device’s VSI-C operated as a DG-VSI during 1.25 sec<t<1.8 sec, providing active power for a non-linear
DBR load in accordance with the availability of solar PV power. When solar power is available, this DG
technigue minimizes the use of utility-grid electricity. The INC-MPPT method regulates the solar power
system to extract the greatest amount of power possible.

Assuming that 50% of the solar-PV irradiance level occurs within the time of 1.25 sec<t<1.45 sec,
the utility-grid current of 10 A shares the needed non-linear DBR load current of 20 A, with the remaining 10 A
being supplied by DG solar-PV operated VSI-C of the MFUPQC apparatus. This current offering concept is
illustrated in Figures 9(b) to 9(d). The solar-PV draws an optimal PV voltage of 800 V at 50% of the solar-
PV radiation level, as shown in Figure 9(e). This voltage is equivalent to the DC-link voltage, as shown in
Figure 9(f). It also draws the highest PV current of approximately 10 A, as shown in Figure 9(g), and the
greatest solar power of approximately 6 KW, as shown in Figure 9(h). Similar to this low irradiation level, as
shown in Figure 9(i), the DG strategy supplies a minimal active power of 6 KW, while the utility-grid sharing
the additional 4 KW of active power in relation to the necessary non-linear DBR load demand power of 10 KW.
When the solar-PV radiation level is 100% during the time of 1.45 sec<t<1.8 sec, the utility-grid current of
5A shares the necessary non-linear DBR load current of 20 A, with the remaining 15 A being supplied by the
DG solar-PV operated VSI-C of the MFUPQC apparatus. This current offering principle is illustrated in
Figures 9(b) to 9(d).

When the solar PV is operating at 100% solar-PV radiation, as Figure 9(e) illustrates, it can extract
an ultimate PV voltage of 800 V, which is equivalent to the voltage of the DC-link, as Figure 9(f) shows.
It can also extract the highest PV current of approximately 15 A, as Figure 9(g) shows, and the highest PV
power of almost 8 KW, as Figure 9(h) shows. Similar to this, at this high irradiation level, the DG scheme
produces an optimal active power of 8KW, with the utility grid contributing the additional 2 KW of active
power about the necessary non-linear DBR demand for load power of 10 KW, as shown in Figure 9(i).
The comparison of active powers of utility-grid, non-linear PE load and VSI-C injected power in DG
integration scheme is illustrated in Table 4.

Table 4. Comparison of active powers of utility-grid, non-linear PE load and VSI-C injected power in DG
integration scheme

Time instants Utility-grid power  VSI-C injected DG power  Non-linear PE load power
0 sec<t<1.25 sec 10 KW 0 KW 10 KW

1.25 sec<t<1.45 sec 4 KW 6 KW 10 KW

1.45 sec<t<1.8 sec 2 KW 8 KW 10 KW
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5. CONCLUSION

In this work, a novel UFVR controlled MFUPQC device has been proposed to achieve an effective
performance for enhancement of power-quality and solar-PV DG integration operations in utility-grid
powered multi-parallel feeder distribution system. It mitigates the both voltage and current appraised PQ
issues at PCC of both feeders-1, 2 by using in-phase opposition voltage/current injection principle.
The proposed UFVR control algorithm extracts fundamental reference signals without using complex
synchronous transformations and mathematical formulations. Also, over the conventional IRP/SRF control
algorithms the proposed UFVR algorithm reduces the dv/dt stress, switching losses and maximizing the
overall efficiency, so on. Moreover, the usage of utility-grid power has been reduced during DG integration
mode; the maximum active power to non-linear PE load has been delivered by solar-PV system with respect
to certain load demand. The major advantages of DG scheme include, the operation of DG scheme is done
through VSI-C of MFUPQC act as DG-VSI and UFVR act as DG controller which offers low-cost, low size
and compact energy-generation scheme over the conventional DG schemes. Using the MATLAB/Simulink
computer platform, the functioning and effectiveness of the UFVR with the MFUPQC equipment in the
multi-parallel feeder distribution system under both PQ and DG operations are assessed. The simulation
results are shown, and the system complies with IEEE-519/2022 requirements.

APPENDIX
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Figure 4. Simulation results of the UFVR-controlled MFUPQC device for feeder-1 voltage PQ problem
compensation; (a) utility-grid voltage, (b) critical sensitive load voltage, (c) series VSI-A compensation
voltages in feeder-1, (d) THD spectrum of utility-grid voltage, and (e) THD spectrum of critical sensitive
load voltage
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Figure 9. Simulation results of the UFVR-controlled MFUPQC device for the integration of solar-PV
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