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Abstract — In this paper, unbalanced three-phase fault in transmission lines is considered with
respect to estimating the state of power system after a fault occurs at different buses. Faults such
as a single-line-to-ground (SLG), line-to-line (LL) and double-line-to-ground (DLG) affect the
bus system that is connected along with the transmission line. MATLAB software was employed
in which unbalanced fault programs based on the Symmetrical Component method to determine
the voltage magnitudes, line current magnitude, total fault current, real and reactive power at
Phase A, Phase B and also on phase C for the different bus lines. The unbalanced fault programs
are executed using a Newton Raphson based power flow program for the standard IEEE 14,
IEEE 26 and IEEE 30 bus systems. The obtained results show that the single line to ground fault
is the most severe kind for IEEE 14 bus system, while for IEEE 26 and IEEE 30 bus system, the
most severe fault is line to line fault. This finding is crucial for evaluating the reliability and

stability of power transmission lines.

Keywords: Newton Raphson, Power Flow, Unbalanced Three-Phase Fault

Article History

Received 26 August 2024

Received in revised form 21 October 2024
Accepted 3 December 2024

l. Introduction

The electric power generated in the power plant will
be raised in terms of voltage level with the support of the
transformer before the electricity is transmitted and
distributed with large, interconnected power systems.
Transmission lines are essential parts of modern power
networks. They serve an important role in distributing
electricity, and faults in these lines can cause substantial
disruptions in power supply [1]. High voltage is
delivered in the transmission line to minimize
transmission losses and thus be able to ensure
continuous power supply in power systems without
problems [2]. Faults that can happen on any
transmission line are known as balanced faults and
unbalanced faults. Three-phase balanced faults and
unbalanced faults are two types of power system faults.
Unbalanced faults on electricity transmission lines can
be classified into three types: single line-to-ground, line-
to-line, and double line-to-ground [3]. An unbalanced
fault is known as the most common fault that happens in
transmission lines [4]. Understanding how three-phase
unbalance affects distribution equipment losses is

essential for ensuring reliable and efficient operation of
power distribution networks. Therefore, fault analysis is
one of the proper ways to evaluate the fault currents and
voltages in power systems. The fault analysis results are
important for the power system design, the protection
system setting, and power quality considerations [5].
Faults in transmission lines are caused by circuit failures
that disrupt the regular flow of current. A short circuit or
open circuit fault creates an undesired conducting route,
preventing current flow [6]. Faults can cause major
interruptions, thus rapid detection and classification is
critical for effective management [7].

The symmetrical component method continues to be a
crucial analytical tool for managing unbalanced faults in
electrical power systems. Proper analyses of unbalanced
three-phase fault systems need to be done to understand
the power quality of the power system after the fault
occurs.

This study will analyze the performance in term of
voltage magnitude and current magnitude in each phase
under unbalanced fault condition. Other than that, it
focuses on obtaining the total fault current; bus voltages

This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 Unported License, permitting copy
and redistribution of the material and adaptation for commercial and uncommercial use.

ISSN: 2600-7495 elSSN: 2600-9633

IJEEAS Vol. 8, No. 1, April 2025



International Journal of Electrical Engineering and Applied Sciences

line current, real and reactive power during fault by
analyzing three different IEEE bus systems which are
14, 26 and 30 busses by running through MATLAB
software.

Il. Literature Review

Three-phase faults and unbalanced faults, in general
are very challenging for power systems because of their
destruction on system stability, power quality and
equipment life. The symmetrical component method
(SCM) is usually used to simplify the computation and
detection of unbalanced faults due to its capabilities that
can decouple asymmetrical fault phasors into
components. C. L. Fortescue in 1918 first introduced the
SCM, which is very important to simplify the analysis of
unbalanced faults for power systems [8]. Fortescue's
1918 symmetrical components theory and Lyon's 1954
time-domain analysis have been widely employed in
fault analysis and power system protection methods,
respectively [9]. By transforming unbalanced phasors
into symmetrical components, it allows engineers to
establish a more organized approach to dealing with
complicated fault conditions. Moreover, Fortescue’s
theorem, unbalanced faults can be solved by separating
them into three independent symmetrical components.
Each of these components will differ in the phase
sequence; a positive, negative and a zero sequence as
shows in Fig.1.
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Fig. 1. Phase sequence: a positive, negative and a zero sequence

Recent studies have been carried out. According to
[10], this paper presents a wide-ranging history of the
symmetrical component method in terms of applications
to contemporary grids and discusses its evolution
regarding handling unbalanced circumstances entailed
with  renewable-heavy systems. Unbalanced faults
include single-line-to-ground (SLG), line-to-line (LL)
and double-line-to ground faults in three-phase

ISSN: 2600-7495

elSSN: 2600-9633

transmission lines. These faults lead to unbalance in
current and voltage which are studied because otherwise,
the system may not stand. Next, [11] investigate on a
comprehensive study of unbalanced faults and their
impacts on the stability of transmission lines as well
power quality. As stated in the paper, an accurate fault
diagnosis is essential to check the cascading failures
within a grid, hence ruler based on misfault is defined
which help for better fault direction.

The Newton-Raphson (NR) method is applied for
analyzing unbalance three-phase fault conditions as
presented in [12]. This work probes the amalgamation of
the algorithm by which it can be reformed to essentially
determine power flow equations during faults on steady
state. The authors [13] demonstrate how the NR method
converges under different fault scenarios. Recent studies
suggest that a combination of optimization or
algorithmic model and Newton-Raphson methods in
unbalanced fault programs are very promising. This
technique uses the NR approach to evaluate numerical
solutions for the entire network power flow and voltage
profile in order to swiftly find and resolve issues.

I11. Methodology

The process and procedures utilized for an
unbalanced three-phase faults system are introduced.
The technique can be proved via the flow chart in Fig. 2.

The algorithm will be run using MATLAB software
using three test systems which are IEEE 14-bus system,
IEEE 26-bus system, and IEEE 30-bus system where the
result will determine the total fault current, line current,
and bus voltage as well as real and reactive power.
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Fig. 2. Flowchart for unbalanced three phase fault program.

A.Case Study 1: IEEE 14 Bus System

Fig. 3 shows the two generators located at bus 1 and
bus 2 and three compensators are at bus 3, 6, and 8.
Other buses are considered as load bus for IEEE 14 bus
system [14]. Base MVA for this system is 100 MVA
[15].

G | GENERATORS 13

<) SYNCHRONOUS il
COMPENSATORS

-

Fig. 3. IEEE 14 bus system

ISSN: 2600-7495

elSSN: 2600-9633

B. Case Study 2: IEEE 26 Bus System

Fig. 4 shows a single line diagram of the IEEE 26 bus
system. Bus 1 voltage is specified as V1 = 1.02520°, is
taken as a slack bus. Five of the generators are
connected to buses 2, 3, 4, 5, and 26. The bus that
connected along transformer is bus 2, 3, 4, 6, 7, 8, 9, 12,
13 and 19. Base MVA for this system is 100 MVA [16].

Fig. 4. IEEE 26 bus system

C.Case Study 3: IEEE 30 Bus System

Fig.5 shows a single line diagram of IEEE 30 bus
system which has five generators connected to bus 2, 5,
8, 11, and 13. Bus 1 voltage is specified as
V1 = 1.060£0°, is taken as a slack bus. Base MVA for
this system is 100 MVA [17].

©

Fig. 5. IEEE 30 bus system
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IV. Results and Discussions

This section presents the results from three different
case studies produced by running unbalance fault
analysis program to determine bus voltage, line current
and total fault current and represented in per unit (p.u)
corresponding to the fault at different buses by using
graphical form. Symmetrical component method has
been used in unbalanced fault program with positive and
zero sequence impedance data to analyze SLG, LL and
DLG fault. In addition, for voltage magnitude and line
current include the three phases A, B, and C. The pre-
fault bus voltages are specified to 1.0 per unit. Only
selected bus line 2, 5, 8, 11 and 14 were identified for
the Case Study 1, while bus line 2, 5, 8, 11 and 14, 17,
20, 23 and 26 were identified for the Case Study 2 and
bus line 2, 5, 8, 11 and 14, 17, 20, 23, 26 and 29 were
identified for the Case Study 3.

A.Case Study 1: IEEE 14 Bus system

Fig. 6 depicts the voltage magnitudes in per unit P.U.
vs. bus line. According to the data, during SLG faults,
Phases B and C experience higher voltages, while Phase
A is grounded at 0.000 p.u. The highest voltage
magnitudes in Phases B and C are at Bus 5 and Bus 14.
Next, during LL faults, Phase A remains unaffected at
nominal voltage 1.000 p.u, whereas Phases B and C
undergo identical voltage decreases 0.5000 p.u. This
result shows that the fault creates a consistent voltage
decrease across the network. For the DLG faults, Phases
B and C are grounded 0.000 p.u, with Phase A carrying
the majority of the voltage load.
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Fig. 6. VVoltage magnitudes in per unit (P.U) vs. bus line
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Fig. 7 depicts the plot of line current magnitudes in
P.U. The single-phase fault SLG shows that Phase A is
contributing more current for the Bus 2. The magnitude
is 111.965 P.U. and the remaining buses 5, 8, 11, and 14
have current which is very less.

14 Bus System
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Fig. 7. Line current magnitudes in per unit (P.U) vs. bus line

Next is LL in which the contribution of current is equal
to Phase B and Phase C and there is no current in Phase
A for all types of buses. In Phase B and C results, the
Bus 2 has a higher magnitude 98.5965 p.u compared to
other busses. Likewise, for DLG situation. Phases B and
C have shown current, but again there is no current in
phase A. In Phase B and C results, Bus 2 again has
higher magnitudes compared to other busses. The
pattern in phase follows the same line LL but the
magnitude is higher in the DLG.

14 Bus System
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Fig. 8 Total fault current magnitude vs. bus line

Fig. 8 shows a graph of the fault current. Bus 2 has
the largest fault current magnitude of any fault type,
whereas Bus 14 has the lowest. Bus 2 exhibits very high
fault current magnitudes for all fault types, particularly
SLG 111.96 p.u and DLG 110.14 p.u, with LL slightly
lower but still significant at 98.59 p.u. The closeness of
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SLG and DLG fault levels indicates that grounding
difficulties are critical at Bus 2. Bus 5 has far lower fault
current magnitudes than Bus 2. LL faults create the most
current (16.87 p.u), whereas DLG produces the least
(7.52 p.u).

Bus 8 has a more balanced fault profile, with fault
currents that are roughly equal across SLG 12.30 p.u,
LL 11.63 p.u, and DLG 11.36 p.u. Bus 11 has low fault
current magnitudes throughout the board, with LL being
somewhat more significant (4.59 p.u). Bus 14 has the
lowest fault current magnitudes of all of the bus lines,
with LL 3.45 p.u being the highest and DLG 1.75 p.u
the lowest. The low current levels indicate less fault
exposure; however LL faults may demand more
attention because they generate the highest current.

As shown in Table I, Bus 2 has a significant amount
of both real and reactive load 21.7 MW and 12.70 MW,
but also generates more power than it consumes,
contributing both real and reactive power to the system
also contributing to the system's overall power supply
and voltage support. Bus 5 only consumes power, with a
moderate load of real power and a smaller reactive
power demand 7.60 MW and 1.60 MW. There is no
generation at this bus. Bus 8 does not have any load but
provides reactive power generation. This indicates that
Bus 8 is primarily supporting voltage stability in the
network by supplying reactive power. Bus 11 consumes
a small amount of both real and reactive power 3.5 MW
and 1.80 MW. There is no generation at this bus. Bus 14
is a load bus with a moderately high consumption of real
and reactive power 14.9 MW and 5.000 MW. There is
no generation at this bus. Bus 5, Bus 11, and Bus 14
shows they depend on other buses for their real and
reactive power needs.

TABLEI
REAL AND REACTIVE POWER FOR |IEEE 14 Bus SYSTEMS
Bus LoAD GENERATION
LINE P,(MW) Q,(MVAR) P,(MW) Q,(MVAR)
2 21.700 12.700 40.000 46.450
5 7.600 1.600 0.000 0.000
8 0.000 0.000 0.000 20.730
11 3.500 1.800 0.000 0.000
14 14.900 5.000 0.000 0.000

B. Case Study 2: IEEE 26 Bus System

Fig. 9 shows the tabulated data for voltage magnitude.
In SLG fault, Phase A are the faulted phase, which is
why the voltage magnitude for Phase A is zero for all
buses.
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26 Bus System
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Fig. 9 Voltage magnitudes in per unit (P.U) vs. bus line

The voltage collapses because this phase is directly
involved in the fault. Bus 2, Bus 5, Bus 8, Bus 11, Bus
14 and so on has 0.000 p.u in Phase A which indicate
that the system is unbalanced due to the fault in this
phase. For Phase B and Phase C, the voltage magnitudes
remain relatively high. For each bus, the voltages are
close to the nominal voltage value of 1.3 p.u for all buses
though slight variations occur. This indicates that
although the system is unbalanced, Phases B and C are
still supplying voltage close to the nominal level.
Likewise, for LL fault, for Phase A the voltage remains
at 1.000 p.u for all buses, which represents the nominal
voltage. The LL fault only involves Phases B and C,
leaving Phase A unaffected. The uniform voltage across
all buses in Phase A. Phases B and C the voltage
magnitudes are reduced to 0.5000 p.u. across all buses.
This reduction is a direct consequence of the fault
involving these two phases. The drop to half the nominal
voltage indicates that these phases are under fault stress,
leading to voltage imbalance. Every bus for example Bus
2, Bus 5, Bus 8, and so on shows the same magnitude
for these phases during the fault, confirming the
unbalanced nature of the system in this condition.
Meanwhile, during the DLG fault, Phase A stays
unaffected and has a higher voltage magnitude than the
SLG and LL faults. Bus 14 has a voltage of 1.3736 p.u,
and Bus 2 has 1.3360 p.u. Both Phases B and C have
voltages of 0.000 P.U. for all buses since they are
directly involved in this issue. The voltage falls fully in
these phases due to the DLG fault, which causes two of
the three phases to lose voltage entirely.
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26 Bus System

35.0000
3000000

%

?Gﬂﬂm r
15.0000
1000000
50000 ¢
000D ¢

bl

Phase | Phase | Phaie | Phase | Phase Phiase Phase | Phase | Phase

Line Current Magnitude, (P.U)

SG LL DLG
®Bus2 |18.5683) 0.000 | 0.000 | 0.000 |32.5562/32.5562) 0.000 |32.1247[33.1347)
/mBus 5 |12.8342) 0.000 | 0.000 | 0.000 |19.989919.9859) 0.000 |20.4779|20.4779)
|mBus B |14.7653) 0,000 | 0.000 | 0,000 |27.101527.1015 0,000 |27.5287|27.5287)
mBus 1] 9.1878| 0.000 | 0.000 | 0.000 |14.2033)14.2033) 0.000 |145573(145573
m Bus 1QI 8.7164 | 0.000 | U000 | 0.000 I]iﬁ.."Lll)v‘- I&JUM. U000 I]ﬁ.DU-‘-')I]U.‘JUﬂ'J
| Bus 17| 8.8062 | 0,000 | 0.000 | 0.000 |14.5890] 14.5690| 0,000 |14.8904|14.8904)
| Bus 10 10.. ))33. 0.000 | 0000 | 0.000 .19..3F[ﬁ-19.1“b- [eX1 vl .19.[-.0.51.10.(:031.
[ Bus }3 Sm 0.000 | U000 l 0.000 .9.99-10-9.9‘;-10- [eX1 v .10.1139.10‘.1139.
[ BLIS)‘& 9.2937 | 0.000 | 0000 l 0.000 .12.5312-118811- 00000 .147r|17.14.;‘!'>17.

Fig. 10 Line Current Magnitude in per unit (P.U) vs. bus line

Fig. 10 shows the line current magnitudes vs. the bus
line. Current is only present in Phase A, with no current
in Phases B or C affected for all busses by the SLG fault.
Bus 2 having the highest current at 18.5683 p.u followed
among other busses. Meanwhile for LL Fault, there is
current flow in Phases B and C, but no current in Phase
A. The current magnitudes are nearly the same in both
phases B and C for each bus, such as Bus 2 showing
32.5562 p.u in Phase B and 32.5562 p.u in Phase C.
Buses like Bus 5 and Bus 8 exhibit significant current in
this fault type. For DLG Fault, In this case, currents are
observed in both Phases B and C, but none in Phase A.
Similar to the LL fault, the magnitude is identical in
Phases B and C for each bus, such as Bus 2 showing
33.1347 p.u. in both B and C. Bus 8, Bus 5, and Bus 14
have considerable current magnitudes during this fault
type.

The graph shows in Fig.11. demonstrates the total
fault current magnitudes in per unit P.U. Bus 2
experiences the highest fault current during an LL fault,
and a moderate current during SLG and DLG faults.
During the LL fault, Bus 2, Bus 5 also sees the highest
current followed by SLG and DLG faults. Bus 8 follows
a similar pattern, with LL faults causing the largest fault
currents, while DLG fault currents are the smallest. Bus
11 also sees the highest current during LL faults and the
lowest during DLG faults. For Bus 14 the trend
continues here, with LL faults producing the highest
fault currents. Meanwhile for bus 17 LL faults have the
highest fault current magnitudes, followed by SLG and
DLG.
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Fig. 11 Total fault current magnitude vs. bus line

Result from power flow program using Newton
Raphson method is tabulated in Table Il. Through the
power flow program total real and reactive power for
load and generation is calculated. The total real and
reactive power for load is 1263.000 MW and 637.000
Mvar. The total real and reactive power for generation is
1278.541 MW and 645.354 Mvar. The maximum power
mismatch for this bus system is 3.51088 x 1070,

TABLE Il
REAL AND REACTIVE POWER FOR IEEE 26 BUS SYSTEM
Bus Load Generation
Line P,(MW) Q,(Mvar) P,(MW) Q,(Mvar)
2 21.700 12.700 40.000 46.450
5 7.600 1.600 0.000 0.000
8 0.000 0.000 0.000 20.730
11 3.500 1.800 0.000 0.000
14 14.900 5.000 0.000 0.000
17 78.000 38.000 0.000 0.000
20 48.000 27.000 0.000 0.000
23 25.000 12.000 0.000 0.000
26 40.000 20.000 60.000 33.842

elSSN: 2600-9633

C.Case Study 3: IEEE 30 Bus System

Based on Fig. 12, result from SLG Fault shows that
Phase A voltage drops to 0.000 p.u. in all buses during
the SLG fault, indicating that this phase is grounded.
For example, Bus 29 has the greatest voltage of 1.4179
p.u. in Phases B and C, whereas Bus 5 has 1.2560 p.u.
in both phases. For LL Fault findings, the Phase A
voltage remains constant at 1.0000 p.u for all busses.
Phases B and C show a voltage drop of 0.5000 p.u.
Other than that, for DLG Fault, Phase A voltage range
between 1.29 and 1.38 p.u. across buses which Phase A
is unaffected. Phases B and C have a voltage drop to
0.000 p.u across all buses, suggesting that they are
grounded during the DLG fault.
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30 Bus System
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Fig. 12 Total fault current magnitude vs. bus line

Graph in Fig. 13 depicts the line current magnitudes
per unit, p.u, vs bus line. Phase A is the only phase
where current flows, whereas Phases B and C show zero
current for all buses.
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Fig. 13 Line Current Magnitude in per unit (P.U) vs. bus line
Bus 2 has the highest current magnitude (13.3439),
followed by Bus 5 (9.5617) and Bus 8 (8.9869). Lower
current magnitudes are observed in Bus 29 (0.6216 P.U.)
and Bus 26 (0.6440 P.U.) during SLG. Meanwhile, for
the LL Fault, current flows in Phases B and C, whereas
Phase A shows zero current for all buses. Bus 2 once
again has the highest current, 19.9627 P.U. in both
Phases B and C. During LL fault, the highest current
flows at Bus 5 at 14.0276 P.U. and Bus 8 at 13.8882
P.U. For DLG Fault the results is similar to the LL fault,
current is observed in Phases B and C, but there is no
current in Phase A. Bus 2 has the highest current at
20.507 P.U. in both Phases B and C. Bus 5, Bus 8, and
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Bus 11 shows significant current magnitudes during the
DLG fault and Bus 26 and Bus 29 show the lowest
current magnitudes.

30 Bus System

dddd . o

Bus2 |Bus5|Bus8 | Bus | Bus | Bus | Bus | Bus | Bus | Bus
11 14 | 17| 0| 23| 2% |29
BSLG |13.344)/9.5617(8.9869(4.7905| 2.077 |2.4925/1.9434/1.8712 0.644 |0.6216/

B 19963/14.028/13.888(7.7249|3.6474/4.8411 3 4837 3.3505(1.2148)1.4269
DLG |9.3898|6.7829/6.2426(3.2746(1.3784/1.6038/1.2812| 1.234 | 0.418 | 0.383

Total Fault Current Magnitude, (P.U)

Fig. 14 Total fault current magnitude vs bus line

Fig.14 depicts that the results for SLG Fault where
highest fault current magnitude is observed at Bus 2
with 13.344 p.u. and Bus 5 with 9.5617 p.u. Baes on the
observation, this fault type seems to have a significant
impact on buses near the source or at critical nodes like
Bus 2, Bus 5, and Bus 8, which could be due to their
electrical proximity to generation sources. Buses such as
Bus 29 and Bus 26 have much lower SLG fault currents
0.6216 and 0.644 p.u., suggesting less vulnerability to
ground faults. Next for LL Fault result shows the highest
fault current is seen at Bus 2 with 19.963 p.u. and Bus 5
with 14.028 p.u. Bus 29 and Bus 26 again show very low
fault current magnitudes for LL faults. Meanwhile, the
DLG fault, which is alike to SLG and LL, has the
highest current at Bus 2 (9.3898 p.u.), Bus 5 (6.7829
p.u.), and Bus 8 (6.2426 p.u). Bus 2 and Bus 5 generally
lowest current. Bus 29 and Bus 26 again have the lowest
DLG fault current magnitudes, reinforcing their
consistent behavior across fault types.

Table 11l shows the results of a power flow program
that uses the Newton Raphson method. Moreover,
through the power flow program, total real and reactive
power for load and generation is calculated. The total
real and reactive power for load is 283.400 MW and
126.200 Mvar. The total real and reactive power for
generation is 300.928 MW and 147.121 Mvar. The
maximum power mismatch for this bus system is
6.80499 x 10°.
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TABLE 1l
REAL AND REACTIVE POWER FOR IEEE 30 BUS SYSTEM
Bus Load Generation
Line P,(MW) Q,(Mvar) P,(MW) Q,(Mvar)
2 21.700 12.700 40.000 47.766
5 94.200 19.000 0.000 35.965
8 30.000 30.000 0.000 30.691
11 0.000 0.000 0.000 16.270
14 6.200 1.600 0.000 0.000
17 9.000 5.800 0.000 0.000
20 2.200 0.700 0.000 0.000
23 3.200 1.600 0.000 0.000
26 3.500 2.300 0.000 0.000
29 2.400 0.900 0.000 0.000

V. Conclusion and Recommendations

Analyses of unbalanced faults have been analysed and
as a result various objectives are achieved by comparing
results obtained on IEEE 14, 26 &30 bus systems.The
result shows that after fault occur, voltage magnitude
reduced to zero and fault current increase significantly at
the affected phase for different unbalanced fault.

As been observed, the most severe type of unbalanced
fault for IEEE 14 bus system is the single line to ground
(SLG) fault, at bus line 2 with the highest total fault
current magnitude. For IEEE 26 bus system, a severe
type of unbalanced fault is line to line (LL) fault with the
highest total fault current magnitude which is at bus line
2. For IEEE 30 bus system, a severe type of unbalanced
fault is line to line (LL) fault with the highest total fault
current magnitude which is at bus line 2 also. Through
the power flow program, IEEE 26 bus system has the
highest total real and reactive power magnitude in terms
of load and generation compared to other bus systems. In
recommendation, integrating SCM and NR approaches
with machine learning algorithms to improve the speed
and accuracy of unbalanced fault detection [18].
Furthermore, because renewable energy sources generate
nonlinear and variable power inputs, standard fault
detection algorithms must be improved. SCM and NR
should be updated to accommodate the variability of
renewable energy and inverter-dominated systems.
Incorporating dynamic fault modelling techniques
specific to renewables will improve transmission
network fault-handling capabilities [19]. Combining the
strengths of SCM and NR approaches to create hybrid
fault programs might improve fault analysis, particularly
in big interconnected power grids. By improving the
fault analysis in interconnected power system the SCM
and NR approaches to create hybrid fault programs. The
on-going development of hybrid techniques will ensure
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that power systems can resist increasingly complicated
fault circumstances [20]. Finally, to meet the needs of
modern grids, fault management programs should be
incorporated with real-time monitoring systems that give
continuous system health updates. During system fault,
real-time data analytics solutions can assist SCM and
NR systems by providing operators with quick insights
[21]. Overall, future fault programs can remain a viable
option for boosting accuracy and adaptability in power
grids.
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