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Abstract

This paper introduces novel framework arrangement in-
tegrating a grid-connected photovoltaic (PV) model together
with a self-supported dynamic voltage restorer (DVR). The
proposed framework named as a six-port converter, com-
prises of nine semiconductor switches altogether. The pro-
posed arrangement holds all the fundamental elements of
typical PV and DVR frameworks while decreasing the gen-
eral change tally from twelve to nine. Moreover, the double
usefulness highlight fundamentally upgrades the framework
power against serious symmetrical/deviated matrix flaws
and voltage plunges. A point by point examines on all the
conceivable operational methods of six-port converter is ex-
hibited. A proper control calculation is created and the
legitimacy of the proposed arrangement is checked through
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broad reenactment and in addition exploratory investiga-
tions under various working conditions.

Key Words:: Photovoltaic , dvr, power quality , six port
converter ,dynamic voltage restorer.

1 Introduction

The fast depletion of conventional energy resources and increas-
ing environmental concerns have made renewable energy resources,
such as photovoltaic (PV) and wind, progressive sources of electric
power generation [1][4]. Since power generated by a PV source is
principally dc, it requires a dcac inversion stage for grid-connected
operation. The main component of a grid-connected PV system is
generally the three phase voltage source inverter (VSI) having six
switches in total. Its primary function is to enhance the injected ac-
tive power through maximum power point tracking (MPPT) control
of PV array [5]. On the other hand, with the increased penetration
of sensitive loads, the power quality issues in the modern distri-
bution system have significantly increased [6]. Most frequent and
serious disturbances in the grid voltage are sags, swells, and faults.
To maintain uninterrupted voltage at load terminals, various cus-
tom power devices are used among which DVR is considered as the
most effective and comprehensive solution[7][11]. It is likely that
the modern load centers would be equipped with on-site PV gen-
eration unit(s) as well as custom power device(s) for critical load
protection. Figl shows such a system configuration where a grid-
connected PV plant injects active power through six-switch VSI
(PV-VSI) while self-supported DVR performs voltage sag compen-
sation for sensitive loads using second six-switch VSI(DVR-VSI).

During the occurrence of fault/deep sag at the point of com-
mon coupling (PCC), these independent PV and DVR systems face
major operational limitations. In this scenario, the self-supported
DVR can no longer maintain the rated load

voltage due to finite energy in dclink capacitor. Similarly, the
active power produced by PV plant cannot be supplied to the grid.
One possible solution for DVR is to keep the dc-link capacitor
charged at rated value through a shunt rectifier connected at load
side [12]. However, this configuration faces large VA loading of
DVR-VSI, which must be rated for both load and shunt rectifier
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VA. Another way to enhance the DVR performance is to replace
the de-link capacitor with a battery energy storage system [13]. Al-
though, it does not affect DVR rating but incurs additional battery
maintenance issues. The VA rating of centralized PV inverter de-
pends on the installed capacity of PV solar panels. This inverter VA
is generally underutilized due to intermittent nature of solar power
especially during late evening hours, night hours, and early morn-
ing hours where it remains idle. On the other hand, the DVR VA
rating is typically 20%40% of the total load VA loading. The DVR
inverter also has low-utilization factor as the voltage disturbance is
a short duration power quality issue and does not occurfrequently.

By combining the above two applications, in this paper, a new
six-port converter-based system configuration is proposed for in-
tegrating on-site PV generation unit and DVR as shown in Fig.
2. The proposed configuration eliminates the requirement of two
separate inverters for PV and DVR applications, reduce the switch
count of conventional system by 25% and most importantly over-
comes the above- mentioned operational limitations associated with
conventional PV and DVR systems. The proposed configuration
could be useful for low to medium power load centers/factories with
sensitive loads and considerable onsite

PV generation capacity (more than 50% of the load require-
ment). Under this consideration, the VA rating of PV system will
govern the overall VA rating of six-port converter, which means
that equally rated (as of PV system) DVR is available for load volt-
age regulation.In the literature, the six-port converter is reported
as a replacement of traditional back to back converters for dual
motor drives , rectifierinverter systems, uninter ruptible power sup-
plies, UPQC , and for microgrid applications . Fault ride through
enhancement of DFIGbased wind energy conversion system using
nine switch-based converter is also reported recently in [20]. Never-
theless, the proposed configuration of Fig. 2 retains all the essential
features of traditional 12 switch system in Fig. 1. It replaces the
two
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Fig. 1. On-site PV generation and sensitive load protection using
self-supported DVR system.
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Fig. 2.Proposed integrated PV and DVR system configuration.

Dissimilar VSIs with one integrated converter while reducing the
overall semiconductor count, gate drive, and control circuitry (by
25%). Furthermore, the configuration allows bidirectional active
power flow between six-port converter, PV plant, and utility grid,
a feature that provides seamless sag compensation to protect sen-
sitive loads during severe voltage dips at PCC. The proposed work
is evaluated by detailed simulation study and finally, validated ex-
perimentally.
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2 PROPOSED INTEGRATED PV-DVR
SYSTEM CONFIGURATION

The proposed system configuration is shown in Fig. 2. In this con-
figuration, nine semiconductor switches are used to realize PV and
DVR operations simultaneously. The main difference between the
proposed configuration and the system given in Fig. 1 is the dual
output six-port converter whose six out-ports is divided into two
set of outputs. The left three ports connected to PCC are desig-
nated as the output of PV- VSI, whereas the right three ports x,y,z
are designated as output of DVR-VSI. Switches S4S6 are shared
between PV and DVR VSIs. Based on the grid condition and PV
plant status, the six-port converter can operate in one of the vari-
ous operational modes as given in Tablel.

A. Mode-1 (Healthy Grid Mode)

Mode-1 reflects the normal operation of six-port converter when
the grid voltage is at nominal value and PV plant is operating at
standard atmospheric condition (SAC). During Mode-1, PV-VSI
injects the active power generated by PV plant in the grid while
DVR-VSI remains inactive as the grid is healthy.

B. Mode-2 (FaultMode)

Mode-2 corresponds to a condition when there is a three- phase
fault at PCC. During this mode, PV-VSI remains inactive while
DVR-VSI injects the maximum compensating voltages (VLabc ).
C. Mode-3 (SagMode)

Mode-3 considers the operation of six-port converter during volt-
age sag at PCC. In this mode, the DVR-VSI performs the pre-sag
compensation to avoid premature tripping of critical load due to
large phase jump. Since the grid voltage is nonzero, the PV plant
contributes to inject limited active power based on the maximum
current capacity, i.e., both DVR and PV-VSI (all nine switches) are
active duringMode-3.

D. Mode-4 (No PVGeneration)

Mode-4 corresponds to the operation of six-port converter when PV
plant does not provide any active power and remains inactive (dur-
ing early morning hours, late evening hours, fully cloudy day, and
throughout night hours). In the absence of PV plant, the role of
PV-VSI is reversed. It remains idle as long as the grid is operating
at rated voltage and draws active power from grid during sag in-
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tervals to keep the dec-link capacitor charged at rated value. In the
case of severe or deeper sag depths where the current requirement
exceeds the switch current rating, the dec-link regulation cannot be
performed.

3 OPERATING PRINCIPLE AND MOD-
ULATION SCHEME FOR SIX-PORT
CONVERTER

The six-port converter has three switches shared between PV and
DVR-VSIs. It, therefore, faces restriction on the allowable switch-
ing states. The two output ports on the same leg can have four
possible connections.

e Both outputs connected to +Vdc (for phase-a: S1-ON, S4-ON;
andS7-OFF);

e both to 0 V (for phase-a: S1-OFF, S4-ON, and S7- ON);

e left port to +Vdc and right port to 0 V (for phase-a: S1-ON,
S4-OFF, and S7-ON);and

e left port to 0 V and right port to +Vdc (for phase-a: S1-ON,
S4-ON, andS7-ON).

The last combination, however, cannot be realized as it will re-
sult in direct short-circuiting of dc link. To achieve modulation,
both the reference signals are compared with a common carrier for
generating the gate pulses. In the common carrier band, the mod-
ulation reference signal of left port is placed above that of right
using third harmonic injection method with no impact on output
(line voltages) of six-port converter. To prevent the dc-link short
circuit (due to combination 4), the crossover between two modu-
lating reference signals should be avoided. Two types of operations
of six-port converter are possible to overcome the aforementioned
limitation

e Equal frequency (EF) operation, where both set of outputs (i.e.,
Vpv-abe and Vdvr-xyz) must operate at same frequency with small
inter phase difference.

e Variable frequency (VF) operation, of both set of outputs.

This operation is more flexible as there is no constraint on the
output frequency and could be useful for harmonic compensation.
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However, the sum of modulation references for left and right port
must not exceed unity. VF operation requires doubling of dc-link
voltage to prevent reference crossover.

During the normal mode, PV-VSI injects active power into grid
while DVR-VSI is idle (Mode-1). The modulation index is unity
for PV-VSI and zero for DVR-VSI. During sag (Mode-3) the PV-
VSI continues to inject active power similar to Mode-1, but at a
reduced modulation index, as the PCC voltage is reduced due to
voltage sag. This facilitates the DVR-VSI to attain higher mod-
ulation index (required to compensate the sag). The increase in
DVR-VSI reference is always accompanied by the corresponding
decrease in PV- VSI reference and hence the crossover does not
happen. Thus, the proposed configuration naturally overcomes the
limitation of reference crossover.

4 PROPOSED TOPOLOGY

TABLE II System Parameters Used For Simulation Study

Parameter Value
Grid voltage(L-L)(rms)Vb 415v

Line frequency 50Hz
Nominal PVPower (base kVa) 10Kva
Nominal Load Power 10kva
Nominal Load power factor 0.8lag

DC Link Voltage 700v

DC Link Capacitance 3000ul
Maimum shunt Current (Ish-max) 20A
Series transformer rating /turn ratio 10Kva /1.1
FilterInductor Lf and capacitance S5SmH

Cf &S0uF
Grid impedence ZLine 0.5+10.05Q

To achieve the above operation in the proposed configuration, the
pulse width modulation (PWM) technique is used. The switching
operation is as given in the Table I. The Simulink model in MAT-
LAB provides a graphical user interface, user can call the standard
library module from where the necessary blocks and components
are selected and are properly connected to form the dynamic sys-
tem model.
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5 SIMULATION RESULTS

The proposed integrated photovoltaic and dynamic voltage restorer
system configuration and its control circuit is implemented using
MATLAB/SIMULINK. Fig. 3 shows the simulation model of the
proposed system. The system is designed such as to mitigate volt-
age sag and swell by using solarpanel based DVR. The control sys-
tem of the proposed system is shown in Fig.4. The output voltage
obtained is comparison with input voltage and DVR system volt-
ages are shown in Fig. 5. The simulation waveforms are in good
agreement with the theoretical analysis
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Fig 5 Variable wind designing
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6 Conclusion

The increase in DVR-VSI reference is always accompanied by the
corresponding decrease in PV- VSI reference and hence the crossover
between two modulating reference signals should be avoided using
third harmonic injection method with no impact on output line
voltages of six-port converter. the pulse width modulation (PWM)
technique is used. The system is designed such as to mitigate volt-
age sag and swell by using solar panel based DVR. The control
system of the proposed system is shown in Fig.4. Simulation re-
sults are in good agreement with the theoretical analysis thereby
satisfying the IEEE-519-1992 standards.
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