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This research suggests a control technique that makes use of a microgrid's
energy storage and to enable low voltage ride through (LVRT) process with a
flexible dynamic voltage support (DVS) system. First, the requirements for
the microgrid's maximum DVS are stated, together with an explanation of how
these requirements depend on the characteristics of the analogous network that
the microgrid sees. In order to create a flexible DVS regardless of the
changing system circumstances, reference signals for currents that are derived
from maximum voltage tracking technique are suggested in this research.
These signals take into account the challenges involved with real time
parameter assessment in the context of transient voltage disruptions. Second,
a control scheme is suggested to allow a microgrid's energy storage-based
LVRT operation. Thirdly, a novel approach to energy storage sizing for LVRT
operation is offered, taking into account the corresponding network
characteristics, grid code requirements, and the rated current value of the

Reactive current power electronic converter. Real-time MATLAB simulations for low-voltage
Trip symmetrical faults are used to validate the suggested control technique.
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1. INTRODUCTION

In light of their growing penetration, the requirement for mandated services such as voltage fault ride-
through (VFRT) functioning from microgrid/photovoltaic unit (PV unit) is increasingly essential to preserving
the utility grid's reliability and permanence. According to the grid code [1], the VFRT technique necessitates
that the grid-connected photovoltaic unit remain linked to the microgrid until the voltage differences maintain
within a VFRT characteristic curve. The generator unit is also responsible for maintaining the nearby voltage
by regulating the active and reactive power of its total power production. In addition to requiring VFRT
operation from the DER, the IEEE 1547:2018 norm, which was just released, also included a number of other
features, such as multiple performance areas that come under the VFRT characteristics, needs for dynamic
voltage support (DVS), microgrid unusual performance group classification, and consecutive VFRT needs [2].
The potential of the grid-following PV unit with inverter-connected DVS to swap an appropriate amount of
current with the network during extreme voltage fluctuations enhances the network's voltage profile and averts
situations that can cause VFRT or trip operations. The main variables that dictate how much voltage support
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the grid-following PV unit can provide are its current output's magnitude and phase angle [3]. For the purpose

of maintaining voltage within limits during the VFRT operation, a variety of centralized and decentralized

techniques that depend on the current control of the power electronic converter are outlined in the works. This

addresses control that relies on a steady reactive current [4], voltage variation with reactive current [5], [6].

The authors in [7] use a reactive power modulator approach to assist and improve the voltage by computing

the standard or reference value for reactive power. This approach takes into consideration both the reactive

power produced by the positive sequence voltage at the point of common coupling (PCC) and the capacitor
used in the filter. When necessary, the aforementioned techniques reduce real power in order to make space to
provide the continuous reactive power needed in the event of severe voltage swings. The utility grid's medium
and high voltage portion, when the ratio of the lines' reactance to resistance (X/R) is large, is the only area
where DVS operation has proven effective, despite encouraging findings. Reactive current dependency on
voltage support is shifted to real current injection through distribution feeders of the microgrid with low values
of X/R. A few pieces of literature discuss the DVS from the PV unit that is integrated to the grid with facing
low voltage profile. A sensitivity evaluation is performed [8], and the maximum current limit of the inverter

[9] is used to optimize real current infusion over the voltage sag as the basis for current control. This improved

the voltage; However, it is not to the maximum or peak voltage that is necessary for VFRT operation under

substantial fluctuations in voltage. Furthermore, not one of the aforementioned techniques can provide the DVS
while adapting to changing network conditions.

The study by Camacho et al. [3] shows how the inverter's maximum voltage support depends on the
network's X/R ratio. If a mostly accurate real-time assessment of the fluctuating impedance of the grid is
established, can the highest DVS be realized. An ideal voltage support control for low-voltage grids experiencing
faults is suggested in [10]. To make the DVS operational while performing the VFRT procedure, the authors,
however, made the assumption that the grid's X/R ratio was known in advance and proposed that wide-band
system identification techniques be used to get the grid's X/R ratio [11], [12]. Nevertheless, a number of variables,
such as the perturbation signal's magnitude and bandwidth and the existence of dynamic components within the
system, affect how accurate these approaches are. After conducting a thorough quantitative examination, the
writers have ascertained that a couple of additional characteristics of the comparable network seen by the PV unit,
which the following section addresses, as well as the reactance to resistance ratio of the Thevenin impedance
across the microgrid network, determine the peak voltage that the PV unit can support. The electric grid's dynamic
nature and the fault voltage's brief duration make it extremely difficult to measure or estimate near-accurate
equivalent network metrics in real-time. In order to provide maximal DVS despite fluctuating network conditions,
there is an immediate requirement to generate inverter current comparisons despite genuinely analyzing similar
system characteristics. It may occasionally be necessary to constrain real current during voltage support during
VFRT operation in order to allow space for reactive current, provided that the PV system functions at the
maximum power point tracking (MPPT) state [13]. This would result at the inverter's DC link, there is a disparity.
using an electrical energy storage device at the DC bus or a crowbar network [14], [15], using off-MPPT state for
the PV source, and oversizing the inverters [16] are a few potential options. The cost of energy storage
technologies has decreased, and their application areas have expanded due to recent advancements in the field
[17]. The technique, which is connected with an energy storage device used at the inverter’s DC bus, stores solar
power that would otherwise be wasted and can offer extra functions to the utility grid or microgrid, such as
electrical inertia, black start operation, fast frequency reserves, and frequency fault ride-through assistance.
Additionally, the network voltage can be supported by the energy storage during periods of low generating outputs
from solar PV units [18]. There is currently no general approach that measures the energy storage's contribution
to fault ride-through operation and its sizing design for this approach. Furthermore, in light of fault ride-through
performance using energy storage devices, managing the storage of electrical energy in concert with additional
renewable energy sources and storing elements essential to achieving adaptive DVS-based VFRT operation [19].

The discussion above makes it clear that a control strategy that ensures a DVS that is responsive to
shifting networking circumstances amid significant voltage fluctuations and permits VFRT microgrid
performance in fluctuating system conditions, while taking into account perhaps the involvement of the
microgrid's built-in power reserve, has not yet been acknowledged. Below is the summary of the work’s
principal accomplishments.

— Utilizing the extreme voltage tracking (EVT) method, a flexible DVS approach determines the microgrid
output characteristics of active current to enable optimal voltage support at the interconnected point of grid
and inverter, called as point of common coupling (PCC), and produces reference values for active and
reactive current in the event of an external voltage defect.

— Flexible DVS with baseline parameters for currents, fault detection, and energy storage control are all
combined in this control method to enable low-voltage fault ride-through functioning of the system.

— A novel approach to assessing the role of a microgrid's energy storage based on the inverter maximum
current rating, the VFRT characteristic, and potential adverse comparable network configurations to assess
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whether there is enough storage capacity of electric energy to support the fault ride-through operation with
the suggested DVS approach.

2. VOLTAGE CONTROL AND REACTIVE POWER MANAGEMENT BY MICROGRID

Figure 1 [4] shows an identical network of the system. The PV unit and inverter represent a current
resource (fim,,pu), the filter impedance and impedance of the local load are modelled with Zg;;, ,,,,, the line
impedance that joins the substation with the microgrid is designed as Z,;, ,,,,, the remaining load impedance at
the substation is taken as Z,, ,,,,, the fault impedance is given as Zr ,,,,, at the substation, and it is Z,, ,,,,beyond
it and V7, ,,,. The following expression provides the corresponding Thevenin impedance observed across the
inverter points at the time of fault conditions.

, ZritpuZin, putZrittpuZX,pu
|Zth,pu|4€ - Rth,pu + ]Xth,pu - i (1)
ZritputZin, putZxpu

Where (2):

Zex,puZF.puZm.Pu (2)

7 =
X,pu
P Zex,puZF,putZexpuZm,putZF,puZmpu

in a similar vein, the microgrid's Thevenin voltage is listed as (3).

72, V4 +Zfi 4 Z

_ ZriepuZyputZrittpulin puly,pu
|Venpu| 26 = (Zy putz 2 p X Vg.pu ®)

Y.outZmpw) e putZin pu) T

In (4) and (5).
Z ZFpu

7 — “‘expulFp 4
Y,pu Zex,putZF,pu ( )
a = 2Zfilt.pu (Zln.puzm.pu + Zln.puZY,pu) + Zfilt,PuZm,puZY,pu + Zm,puzmmuzy'pu ®)

Figure 2 depicts a modified comparable circuit with a balanced fault, taking into account |Vth,pu|46 and
|Zth,pu|LZ . As a result, the inverter voltage is expressed as (6).

Vinverter,pu = |Vth,pu|46 + |Iinv,pu X Zth,pulL(.B + () (6)

Where B is the angle made by the inverter current with the voltage and |V, ,,,|48 is the Thevenin equivalent
voltage noticed at the common coupling point when the microgrid is not providing any current, and the
subsequent term is the support voltage that came about as a result of the microgrid's current provision. The (7)
is a display of the PCC voltage indicated in (6).

|Vinv,pu| = \/Vtzh,pu +4VZ + 2|Vth,pu X AV| 605(5 - :8 - () (7)
Where (8):
AV = Iim;,pu X Zth,pu (8)

here B stated positive sequence current components of the microgrid’s current.

i@

g =tan™?! (}Z?pu) (8)
Linv,pu

Where ii(gl),’pu, ii(:fl),’pu represents the respective positive sequence components of active and reactive currents

of the microgrid. Using (7) and (8), the relationship that ensues is created to attain higher voltage scenarios.

i@
({8h22) = ancs -0 ©

inv,pu
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It is recommended to operate the microgrid as an active power sink at lower field excitation cases and an active
source of energy at higher excitation cases, respectively, to achieve the higher and lower values of voltage at
the common coupling point according to (9). This indicates that the reference values of active and reactive
current should be negative and positive for the under-excitation cases, and the other way around for the over-
excitation scenario of the microgrid. The current produced by the microgrid at excessive voltage at the common
. o . 1 (X Lo .
coupling point is solely determined by { = tan™! <Rthi> which is called as impedance angle when & = 0
thpu
(because of PLL synchronization or network conditions). But usually tan (& — {) is used to generate current
references instead oftan’, when 6 # 0 (during transients). With reference to (6), the maximum and lowest

voltage magnitudes are dependent on the values of |Vth‘pu | , |Il-m,‘pu|and |Z thpu | They remain constant despite
remains constant. The maximum DVS is facilitated by altering the

reference values for the active and reactive currents (li(mz*pu, ll.(g,),*pu of the inverter in accordance with (9),

depending on the optimum current capability of the inverter |I mar all | listed below. This is because the ratio of

inv,pu
@ @ when the highest voltage is

inv,pu’ “inv,pu

variations in & and ¢, provided that |Zth‘pu

the direct and quadrature components of current in the inverter (i
achieved is relied on 6 or {, or two of them, as shown in (9).

\/(linz,pu)z + (lir?v,pu)z = |Il7111l1‘7v;m”| (10)
pcc  Zn o Zwo pcc
L T I L 1
Zth

o) A )

Microgrid Local load Distribution Fault

and filters lines and Remaining —
substation Network - - J-
loads MICROGRID ¢+
Figure 1. An identical network of a microgrid Figure 2. Modified comparable circuit
interfaced to the grid with balanced fault

3. CONTROL DESIGN FOR LVRT TECHNIQUE OF A MICROGRID

Figure 3 presents an analyzed system for grid grid-interfaced microgrid and a suggested controlling
approach. It expands the analogous circuit of Figure 1. A grid-connected inverter connects the PV unit and
energy storage device, which make up the microgrid, to the remaining network at the point of common coupling
via their respective converters [4]. This graphic shows the control scheme used to allow VFRT functioning of
a microgrid with an adaptive dynamic voltage support scheme. The control strategy primarily covers the grid-
connected inverter, energy storage converter, and PV unit converter controllers.

3.1. PV unit controller

The MPPT algorithm is used to regulate the unidirectional converter (DC-DC) connecting a PV unit,
allowing it to draw the maximum power out of the PV unit even when the VFRT function is in progress. To
do this, the MPPT controller receives measured data from the PV terminal voltage and current (v, i,,,,) which
it uses to create the switching pulses to the unidirectional DC-DC converter through the duty cycle (Dy,,).

3.2. Controller for storage of electrical energy

Predicated on the DC bus signaling methodology, a control mechanism scheme [20] is developed to
regulate the input voltage for the inverter and enable the power control between different gadgets that
communicate with the DC line. The energy storage only activates as soon as the voltage at the DC line changes
from the nominal voltage (v4.,,,) by more than +2.5% and regulates it within £5%. In contrast, the inverter
regulates the voltage at the DC link until £2.5% of 1 pu. With reference to Figure 3, the voltage deviation
associated with the DC bus voltage (v,.) is computed once it is calculated and transformed into the per unit
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value (vq py,)- The dead-zone block guarantees the deviation in voltage that is greater than +2.5% of v ,,, are
only sent to the controller or regulator, which uses the PI controller to generate i; ,,,, Which is reference value
of the current in the energy storage device. The current controlling technique ensures that the energy storage
unit observed per unit current (icgs ., ), complies with the supplied baseline and produces the appropriate duty
cycle (D.gs), Which generates pulse width modulation pulses. The DC crowbar technology dissipates surplus
power into heat energy, restricting the DC link voltage at +5% [21].

3.3. Grid-connected inverter controller

According to Figure 3, the inverter connected to the DC link operates during VFRT operation by
obtaining triggering pulses through a pulse width modulation approach according to the recommended reference
values for active and reactive current. The voltage and current values of the filter (v;,,,,,iinv), Which are the local
variables, are transformed into values per unit and supplied to the controller. Using the Park transformation, an
enhanced phase-locked loop (PLL) determines the data regarding y which is the phase angle of v, , and uses it

to compute the current and voltage component values in the form of dg-axis (v(dq) (20 ) [22]. In addition,

inv pu’ inv,pu

Vinvpu IS COMpared to the IEEE 1547:2018 standards' APC-11 VFRT characteristic in order to identify the VFRT

state and to activate or deactivate the TRIP signal, as well as a string of VFRT events [2]. While the active

current reference (Lf,‘fz*‘pu) of the inverter is obtained during stable operation of the system, the reference value

for reactive current (zfﬁ,); pu) can be produced through appropriate PI controllers. The current controller device,

flexible dynamic voltage support approach takes the use of voltages along with inverter currents in dg axis form

(@
(dq) (dq) est,pu
inv pu’ inv,pu

(v, ) to produce @ and to monitor the reference values of current signals [23].
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Figure 3. Suggested a controller to regulate the VFRT functioning of the system
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The real and reactive power controllers, respectively, create the inverter's suitable reference values
for the currents (i i ) depend on the suggested flexible DVS approach, when fault ride through is

inv,pu ? inv, pu
occurring circumstances on the network (VFRT = 1). The VFRT detecting block generates the Trip = 0
instruction and interrupts the SPWM pulses to the inverter in the situation when the voltage change is greater
than the standard deviation of VFRT [24]. A DC bus and an efficient energy storage mechanism attached to
the microgrid are needed for the suggested control approach using the adaptive DVS scheme. Consequently,
the following section examines the function of the mechanism to store the energy and the ability needed for
attaining the intended fault ride-through operation.

4. FUNCTION AND DESIGN OF ENERGY STORAGE DEVICE

To make the suggested DVS scheme possible, energy storage must play a crucial role in preserving
the microgrid's DC bus voltage. As a result, the storage device parameters like maximum energy and maximum
power are determined with a flexible dynamic voltage approach to activate the fault ride through process for
the system, and the amount of storage of electrical energy that is available is then assessed. Energy sent to the
grid while maintaining a constant power supply is frequently impacted by variations in the PCC voltage. A
disparity in power occurs at the DC link when the microgrid employs the PV unit's full output power. This
imbalance results from the PV unit's maximum power output being less than the power supplied using the
inverter. The following formula provides active power that is fed into the inverter.

(@)

— -(d)
Pinv,pu - vinv,pu X1 <h

inv,pu — " PV,pU (11)

Where P,, ., is the DG unit's available power output. Nonetheless, active and reactive currents must be
managed in order to supply flexible DVS, over VFRT performance according to network state within the
inverter current capacity, according to the study conducted in section 2. In order to achieve the DVS while
ensuring the inverter operates safely, the value of d-axis current to g-axis current ratio pumped from the inverter
must therefore follow (9), and the inverter can supply peak current that is specified in (10). The power

imbalance (P;,p, 1,,,) that occurs at the microgrid's DC bus during voltage changes is provided below using the
expression for ii(,‘fglpu from (11), where represents (P, py — Pinppu) 10W voltage conditions and (P, ,, +
Py pu) TEPresents high voltage conditions.

d
- oM 12)

Y
1+ 1(”’)’

est,pu
To keep the DC bus voltage steady, energy storage must be used to reduce this brief but noticeable power
disparity at the DC link. For low voltage fault conditions, v°) s maintained at 1pu, with 1™ =1.2 pu being

Pimb,pu = va,pu + Pinv,pu = va,pu

nv, pu nv, pu
the default value. The minimal and maximum generation from the PV unit are represented by the contours for
P, =0puand 1 pu, respectively [25]. The energy storage device must charge in order for P, , to be positive,

and vice versa. Therefore, P, ,, can be used to determine the energy storage device's maximum power rating.

v 1 imb, pu
Whenv® s replaced in (12) with the VFRT characteristic voltage, let PY™®" represent the power disparity at

inv, pu imb, pu

the DC link or DC bus. the energy storage device's necessary power rating is provided by (13).

Pstorage,pu =sX max(|Pi‘;fl§;u|) (13)

Where the safety factor (s=1.05) takes into account the impact of the losses incurred during the power
conversion phases. The electrical energy swapped by the storage device is also provided by (13), encompassing
the impact of the quantity of VFRT occurrences ( N, ). This is expressed in Watt-sec.

LtVFRT
Estorage = NVFRT X fo Pstorage,pu X Pb X dt (14)

Here t,; isthe VFRT characteristic's time in seconds, and P, is the base power to transfer normal values

into per unit. The necessary energy storage device's power and energy ratings are found using (13) and (14).
This analysis can be used as a guide to confirm that the microgrid's current energy storage device is adequate
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and, if necessary, to update it to incorporate the appropriate energy storage so that the flexible DVS
methodology can support VFRT functioning.

5. SIMULATION RESULTS

A microgrid that stores energy using supercapacitors (SC) and photovoltaic solar power (PV) as
distributed generators (DG), depicted in Figure 3, is examined using MATLAB software to simulate the
suggested control strategy's performance. Table 1 contains a list of the system parameters. The basic values
taken into account for each unit conversion are 50 Hz for frequency, 415 V for AC voltage, and 10 kVVA for
AC power and 10 kW for DC power. Since symmetrical faults typically have the worst possible impact within
the system, in contrast to different kinds of failures, only symmetrical faults are taken into account in this
simulation study. It is assumed that the inverter has a maximum current rating of 1.2 pu. A positive active
power value is interpreted as it is delivered to the DC link or DC bus throughout this section, and conversely.
Comparably, reactive power that is positive indicates that reactive power is being added to the grid. This study
takes into account the maximum PV unit generation at every stage.

5.1. Low voltage fault ride-through operation for fault voltage within VFRT characteristics

The low-voltage ride-through (LVRT) operation of the microgrid is presented in this chapter.
Figure 4 shows the irradiation curve during the course of 20 seconds. Figure 5 illustrates how the MPPT
controller tracks the MPP with 99 percent efficiency. The system experiences a 3-¢ fault at 3.5 sec for time of
2 s, creating a voltage of 0.671 per unit at the point of common coupling (PCC). Therefore, the VFRT pulse is
activated during the fault time, and the VFRT detecting block generates the TRIP=1 instruction and continues
the SPWM pulses to the inverter if there is a voltage disruption within the VFRT characteristics (as shown in
Figures 6(a)-6(c)).

When a low voltage fault occurs, the inverter uses its 1.2 pu over-current limit and begins injecting
actual and reactive current based on as shown in Figure 7. Accordingly, as seen in Figure 8, the inverter's active
and reactive power is delivered into the system. Furthermore, Figure 9 shows the actual power exchanged
between the energy storage device, the inverter, and the PV unit. To keep the voltage at the DC link or DC bus
around +1.05 pu, the energy storage system's electrical power supply is modified based on the change in real
power of the inverter. As the point of common coupling (PCC) voltage does not become less than the LVRT
voltage during the fault time, the inverter remains connected to the grid, supplies reactive power (see Figure
10), and provides a dependable with steady fault ride-through functioning with no effect on the PV array's
MPPT performance. With the suggested control technique, the voltage at the common coupling point is
increased to 0.92 pu and the inverter supplies reactive power till the PCC voltage reaches its nominal value.
(refer to Figures 11 and 12).

power at DC bus
S 900t 12" |
E 2
Z 800 5 1o ' v r r .
- : —
£ 700 o 5[ i
g T
8 600 € o
500 5 : { {
0 5 10 15 20 0 5 10 15 20
Time (sec) Time (sec)
Figure 4. Irradiation curve Figure 5. MPPT efficiency
Table 1. System specifications
Parameter Value
PV Unit 15 modules of 37.3 V (voltage at MPP), 8.66 A (current at MPP); 10 kW (power at
MPP)
Supercapacitor bank 20 units of 130 F, 50 V modules

DC-DC unidirectional converter 10 kW, 415/415V, 10 kHz
Inverter connected to the grid 3 phase, 415(DC)/415 V(AC), 10 kVA, 10 kHz

Filters 450 VAR, 3 ph, C filter, L filter L =6 mH
Three-phase transformers 220/415 V, 10 kVA, windingl connection (Yg), winding2 connection (Delta (D1))
Rest of the network 3 phase, 415 V, 50 Hz, short circuit ratio = 8, X/R ratio = 0.5
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Figure 6. Fault ride-through parameters: (a) LVRT & PCC voltage, (b) LVRT pulse, and (c) TRIP signal
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Figure 10. Reactive power from the inverter

Low voltage fault ride-through operation of a photo-voltaic system connected ... (Satyanarayana Burada)



1616 O ISSN: 2088-8694

ot
on
T

Voltage {pu)
=]

Voltage (pu)
o

g
o»

-05]

p i

L L L N L N L L L | | | | |
3 4 5 6 7 8 9 10 " 34 345 35 3565 36

Time (sec) Time (sec)
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5.2. Low VFRT operation for fault voltage exceeds VFRT characteristics

The LVRT process of the microgrid, if the voltage value at PCC exceeds the VFRT characteristics, is
presented in this chapter. The system experiences a 3-¢ fault with low fault impedance at 3.5 sec for a time of
2's, creating a voltage at PCC less than VFRT characteristics as shown in Figure 13. In Figure 13, it is observed
that the PCC voltage at 3.8 sec is 0.49 pu, which is less than the VFRT characteristics.

Therefore, the VFRT pulse is activated during the fault time, and the VFRT detecting block generates
the TRIP = 0 instruction and interrupts the SPWM pulses to the inverter if there is a voltage disruption that
exceeds the VFRT characteristics (refer to Figures 14(a) and 14(b)). When the VFRT detecting block generates
the TRIP = 0 instruction and interrupts the SPWM pulses to the inverter, there is no connection between the
inverter and the grid. Therefore, the inverter cannot transfer currents to the grid as shown in Figure 15.

Furthermore, Figure 16 shows the actual power exchanged between the energy storage device, the
inverter, and the PV unit. When the grid is disconnected from the inverter, the PV power is transferred to the
storage device. To keep the voltage at the DC link or DC bus around +1.05 pu, the energy storage system's
electrical power supply is modified based on the change in real power of the inverter.

Furthermore, as seen in Figure 17, the inverter's active and reactive power is delivered into the system.
It is observed in Figure 17 that the inverter supplies reactive power from fault occurrence time (3.5 sec) to 3.8
sec, when the inverter disconnects from the grid network there is no power transfer takes place from the inverter
to the grid network. As the inverter is disconnected from the utility grid at 3.8 sec, after the fault clearance, the
voltage at PCC will be equal to the grid nominal voltage, that is 1 pu as depicted in Figure 18. The PCC phase
voltages in the zoomed version are shown in Figure 19.
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Figure 14. Fault ride-through parameters: (a) LVRT pulse and (b) TRIP signal
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6. CONCLUSION

The literature that is now accessible addresses VFRT problems; however, its approaches do not take
into account the varying network situations present amid system malfunctions. Instead, they are solely on real,
purely on reactive current, or a mix of the two. In this work, a control approach that makes use of the energy
storage system's assistance is provided, and its effectiveness is assessed for a range of operating scenarios,
including Several issues related to various fault voltages and low VFRT. In order to ensure the best DVS
possible, the proposed DVS technique adaptively determines the microgrid's actual and reactive current output
according to various circumstances developing throughout the VFRT procedure. With the suggested control
strategy, it has been shown that a microgrid running at minimal VFRT values is capable of supplying flexible
voltage assistance for unanticipated fault incidents within the grid, guaranteeing the inverter's secure
functioning by abiding by the maximum current limit, and improving the utility grid's VFRT capability by
tolerating more severe faults. This work's sizing technique for the storage device's necessary power rating
serves as a guide for adapting the energy storage that is presently accessible towards modest VFRT running on
a microgrid. Future research might examine how the microgrid functions in unbalanced fault scenarios, and
suggest a strategy for managing the flexible DVS that makes use of both components of voltage and current in
the positive and negative sequence throughout VFRT functioning.
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