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ABSTRACT: In ultra-high-voltage alternating current (HVAC) transmission systems, switching and lightning transients pose major chal-
lenges to insulation coordination. Non-gap line arresters (NGLAs) offer a promising distributed protection solution, capable of suppress-
ing both types of transients when being installed along the transmission corridor. However, the differences in protection performance
under varying configurations and installation strategies remain insufficiently understood. This paper establishes a 750 kV, 400 km trans-
mission line model using an ATP-EMTP and MATLAB co-simulation framework to investigate the transient suppression performance
of NGLAs with different rated voltages and installation positions. Simulation results show that for switching transients, effective sup-
pression of the 2% statistical overvoltage level below 1.8 p.u. can be achieved when NGLA is installed around an optimal position.
Meanwhile, energy absorption of all arresters remains well below the 6MJ thermal design threshold, confirming both suppression effec-
tiveness and thermal stability. On the other hand, lightning transients exhibit strong spatial locality. NGLA can effectively reduce the
lightning transient peak at positions close to lighting strike point. Even slight spatial offsets (1–5 km) drastically reduce its effectiveness
in limiting peak voltage. Under typical lightning currents of 30–40 kA, the maximum energy absorbed by arresters remains below 2.2MJ,
demonstrating robust energy endurance. This study highlights the fundamental differences in propagation and protection mechanisms
between switching and lightning transients, and underscores the need for differentiated arrester deployment strategies. The findings
provide theoretical insight and engineering guidance for optimized NGLA configuration and insulation coordination in HVAC systems.

1. INTRODUCTION

The widespread application of ultra-high voltage alternating
current (HVAC) transmission technology has provided reli-

able support for large-capacity, long-distance power transmis-
sion [1–3]. As the rated voltage (Vr) of systems increases, es-
pecially for systems with Vr exceeding 330 kV, switching tran-
sients have gradually replaced lightning transients as the deter-
mining factor in insulation coordination [4–7]. Therefore, ef-
fective suppression of switching transients along transmission
lines, while also addressing lightning transient suppression, has
become a key technology for improving system reliability, re-
ducing insulation costs, and enhancing operational efficiency.
Currently, mitigation methods for switching transients in

ultra-high voltage (UHV) systems include closing resistors,
controlled phase-selection switching technology, controllable
arrester technology, and externally gapped line arresters
(EGLA) [8]. While EGLAs are commonly used in HVAC sys-
tems for lightning protection, non-gap line arresters (NGLAs)
are less frequently applied in high-voltage systems. NGLAs,
which lack a gap in their design, are generally more reliable
and stable than EGLAs and have been effectively used in lower
voltage systems for both lightning and switching transient
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suppression. However, their application in high-voltage
systems is limited due to significantly different performances
against lighting and switching transients, which leads to lack
of guidelines in insulation coordination implementations [9].
On the other hand, methods like closing resistors, controlled-

phase switching, and EGLAs are commonly deployed but come
with challenges such as increased complexity, higher costs, and
operational difficulties. For instance, closing resistors compli-
cate mechanical and control operations, leading to increased
failure risks [10, 11]. The reliability of closing resistors is a
concern, as defects and faults often occur over time, resulting
in incidents like breaker explosions [12–14]. Controlled-phase
switching requires precise timing, and improper settings can
cause voltage disturbances [15]. Controllable surge arresters,
while effective, have complex systems and high costs [16].
EGLAs, while effective for lightning faults, do not mitigate
switching transients [17, 18]. Given these challenges, a reliable
and practical solution to suppress both lightning and switch-
ing transients is needed. NGLAs offer a promising alterna-
tive. This study investigates their performance in high-voltage
HVAC systems, providing a comparative analysis of their ef-
fectiveness and limitations.
In recent years, extensive research has been conducted on

suppressing switching overvoltages in EHV and UHV systems.
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FIGURE 1. Schematic diagram of arrester installation along the line.

Regarding the removal of closing resistors, Ribeiro andMcCal-
lum pointed out that properly configured metal-oxide surge ar-
resters can control overvoltages within acceptable limits, thus
avoiding the maintenance issues associated with closing resis-
tors [19]. Studies on 500 kV Henan system also showed that
after removing closing resistors, switching overvoltages gener-
ally remained around 1.7–1.8 p.u., with arrester energy absorp-
tion within a safe range, indicating technical feasibility [20].
For converter stations, Ma et al. found that in 750 kV AC fil-
ters, the main capacitor branch suffered the most severe over-
voltage, and a closing resistor about 400Ω could effectively
reduce both inrush current and overvoltage [21]. Lou et al.
studied Baihetan-Yuecheng 500 kV project and reported that
even without closing resistors, insulation requirements could
still be met by using line arresters and controlling system volt-
age [22]. Field applications have also confirmed the effective-
ness of transmission line arresters. For instance, the Salt River
Project in the United States installed high-energy arresters at
critical spans of a 500 kV line, successfully reducing overvolt-
ages and avoiding costly tower modifications [23]. At higher
voltage levels, He et al. proposed low-residual and controllable
arresters, which suppressed switching overvoltages to about
1.2–1.6 p.u. and improved voltage distribution along the line,
providing a new technical path for removing closing resistors
in UHV systems [24].
Therefore, the study, which eliminates the need for clos-

ing resistors, lowers insulation levels, and meets lightning pro-
tection requirements, has engineering and economic signifi-
cance [25–27]. This paper uses ATP-EMTP simulation soft-
ware to investigate the switching transient and lightning tran-
sient levels in a 750 kV system with a 400 km transmission line
under no-load reclosing conditions. It also analyzes the differ-
ences in the effectiveness of lightning and switching transient
suppression when installing NGLA along the line. This study
provides theoretical guidance for the collaborative suppression
of lightning and switching transients using NGLAs.
This paper employs an ATP-MATLAB co-simulation plat-

form to systematically investigate the suppression performance
of NGLAs against switching overvoltages and lightning tran-
sients in a 750 kV AC transmission system. By simulating dif-
ferent voltage ratings, installation positions, and transient types,
the study compares the mitigation effectiveness of NGLAs un-
der both switching and lightning conditions, providing engi-
neering references for insulation coordination and overvoltage
protection design in ultra-high-voltage systems.

The structure of the paper is as follows. Section 2 introduces
the system modeling, simulation configuration, and the co-
simulation framework and evaluation methodology used to an-
alyze switching and lightning transient responses. Section 3 ex-
amines the suppression performance of NGLAs against switch-
ing overvoltages. Section 4 focuses on the spatial suppression
capability and limitations of NGLAs under lightning transients.
Section 5 presents a comparative analysis of NGLA perfor-
mance under switching and lightning transients. Finally, Sec-
tion 6 summarizes the key findings and proposes practical rec-
ommendations for optimizedNGLAdeployment tailored to dif-
ferent transient scenarios.

2. SIMULATION MODEL AND METHODOLOGY

2.1. The Simulation Model
To investigate transient phenomena caused by various switch-
ing operations, this study focuses on two representative worst-
case scenarios: no-load line energization and single-phase re-
closing. A representative 750 kV transmission system is se-
lected for analysis, with its simplified equivalent circuit illus-
trated in Fig. 1.
To reduce modeling complexity while preserving the domi-

nant electromagnetic characteristics that influence transient be-
havior, the system is appropriately simplified. The modeling
approach is outlined as follows:
1) The transmission line is represented using the J-MARTI

frequency-dependent distributed parameter model, which ac-
curately captures wave propagation, reflection, and attenuation
effects. The modeled line adopts a single-circuit configura-
tion with a six-bundle conductor (DC resistance of 0.08Ω/km)
and two overhead ground wires, each with a DC resistance of
0.43Ω/km.
2) The surge protection devices under study are two standard

NGLAs with rated voltages of Vr = 600 kV and Vr = 648 kV,
denoted asY20W-600/1380 andY20W-648/1491, respectively.
Their electrical characteristics are summarized in Table 1.
3) To assess the lightning transient response under back-

flashover conditions, a standard negative lightning current
waveform of 2.6/50µs is applied, with peak amplitudes
ranging from 30 kA to 40 kA. This setup emulates typical
cloud-to-ground discharges and allows evaluation of the
NGLA’s capability in clamping high-frequency transients and
mitigating insulation stress.
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TABLE 1. Parameter of arresters under study.

Vr [kV]
Continuous Operating

Transient [kV]
Lightning Transient

Peak [kV]
Switching Transient

Peak [kV]
600 462 ≤ 1380 ≤ 1142

648 498 ≤ 1491 ≤ 1234

4) Circuit breakers are modeled using a statistical switching
scheme, incorporating 200 simulations with randomized clos-
ing times. The closing instant follows a Gaussian distribution
with a mean of 50ms and a standard deviation of 2.88ms, in
accordance with the mechanical characteristics of actual high-
voltage breakers.
5) An ATP-EMTP model is developed based on real op-

erating conditions. Source magnitudes and phase angles are
adjusted to match steady-state power flow and node voltages.
Source impedance is derived from bus voltage and three-phase
short-circuit current, ensuring consistency with system-level
electromagnetic behavior during transient events.

2.2. ATP-MATLAB Co-Simulation Model
To determine the optimal positioning for NGLAs, an ATP-
MATLAB co-simulation framework is developed, enabling
automated simulation and analysis under varying installation
schemes. This integrated approach is necessitated by two crit-
ical challenges: (1) the need to iteratively adjust NGLA loca-
tions along a long transmission corridor, and (2) the require-
ment for statistically meaningful evaluations of switching tran-
sient responses under randomized breaker operations. The
manual process of reconfiguring simulation cases and extract-
ing relevant waveform data would be both time-consuming and
error-prone. Hence, MATLAB is introduced to automate the
generation, execution, and data collection of ATP-EMTP simu-
lation cases, thereby significantly enhancing efficiency and en-
suring consistency across thousands of iterations.
The implementation flow of the co-simulation framework

is illustrated in Fig. 2. Specifically, MATLAB scripts are re-
sponsible for dynamically modifying the ATP model to shift
the NGLA to designated locations at 5 km intervals along the
400 km line. Each simulation run incorporates a statistical
breaker model with randomized closing times to emulate practi-
cal operational variability. After simulation, key transient met-
rics — such as 2% overvoltage levels and energy absorption—

FIGURE 2. Combined ATP-MATLAB simulation routine.

are automatically extracted and organized for further analysis
and plotting.
This simulation scenario targets the worst-case condition for

transient phenomena, where no mitigation measures — such
as shunt reactors or closing resistors — are installed along the
transmission line. This assumption simulates the maximum
electrical stress imposed on surge arresters and the insulation
system during transients, thereby providing a conservative and
rigorous boundary for performance evaluation.
In terms of engineering constraints, system design codes stip-

ulate that the maximum switching transient overvoltage in a
750 kV HVAC system must be suppressed below 1.8 p.u. to
meet insulation coordination standards. Additionally, the max-
imum energy absorbed by a single arrester must not exceed
6MJ, which corresponds to the thermal design limits of com-
mercially available arresters. These regulatory requirements
form the operational boundaries for assessing both the effec-
tiveness and feasibility of each NGLA installation strategy.

3. SUPPRESSION PERFORMANCE OF NGLAS
AGAINST SWITCHING OVERVOLTAGE

3.1. Suppression Performance Affected by Installation Loca-
tion
Based on the extreme conditions described in Section 2, the
simulation sets the transmission line length to 400 km and, on
this basis, analyzes the transient processes occurring along the
line.
By combining the use of two types of surge arresters —

Y20W-600/1380 and Y20W-648/1491 — along the transmis-
sion line and employing the ATP-MATLAB co-simulation
model, this study systematically investigates the suppression
performance of switching transients under different arrester
voltage ratings and installation positions. In the simulation,
NGLAs are sequentially placed at various monitoring points
along the line, enabling large-scale automated simulations. The
objective is not only to evaluate the effectiveness of various
arrester configurations but also to analyze the spatial response
of switching transient suppression, with results benchmarked
against the 2% statistical switching transient control threshold
specified in system design standards.
Simulation results clearly indicate that the installation posi-

tion of the NGLA has a decisive impact on suppression perfor-
mance — installing arresters arbitrarily along the line does not
guarantee effective mitigation. To better visualize this spatial
effect, a boxplot was generated under the condition where both
the outlet and line arresters are rated at 600 kV. As shown in
Fig. 3, the boxplot illustrates the distribution and variation of
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FIGURE 3. Boxplot analysis of switching transient levels along the line with installed surge arresters.

TABLE 2. Switching transient levels and energy absorption under different surge arrester configurations.

Arrester
Configuration

Maximum Switching Transient
at 2% Operation [p.u.]

Expected Max Switching
Transient [p.u.]

NGLA Energy
Absorption [MJ]

OLSA Energy
Absorption [MJ]

OLSA Absorption
Without NGLA [MJ]

OLSA NGLA
600 kV 600 kV 1.78 2.00 3.79 3.33 9.44
600 kV 648 kV 1.84 2.00 1.32 6.16 9.44
648 kV 600 kV 1.87 2.09 6.94 0.94 8.76
648 kV 648 kV 1.89 2.09 3.54 2.98 8.76

2% statistical switching transient levels along the line for dif-
ferent arrester installation points.
The boxplot analysis reveals that at most positions, the

switching transient level exceeds 1.8 p.u., indicating that many
installation locations fail to provide sufficient suppression.
Only when the arrester is placed within the 20–30 km range
from the substation can the entire line be effectively suppressed
below 1.8 p.u., meeting insulation coordination requirements.
Therefore, the precise optimization of installation location is
essential for effective system protection. Random or densely
distributed installation strategies are neither economically vi-
able nor technically adequate.

3.2. Suppression Performance Affected by Vr

Further comparison of different arrester voltage rating com-
binations shows that the configuration with both outlet and
line arresters using Y20W-600/1380 model (with a rated volt-
age of Vr = 600 kV) achieves the best overall suppression
performance. As shown in Fig. 3, all monitoring points in
this configuration exhibit switching transient voltages below
1.8 p.u., meeting operational standards and achieving approx-
imately 0.06 p.u. lower peak values than 600 kV/648 kV con-
figuration. Under the optimal configuration and installation lo-
cation, Fig. 4 shows that the V2% distribution curve along the
line aligns well with the expected suppression level.
Table 2 summarizes the simulation data under different ar-

rester configurations. The results demonstrate that in the
600 kV/600 kV configuration, energy absorption is well bal-
anced: the line and outlet arresters absorb 3.79MJ and 3.33MJ,

FIGURE 4. Schematic diagram of lightning strike locations.

respectively — well below the 6MJ design threshold. In con-
trast, when the voltage ratings are mismatched, the lower-rated
arrester bears most of the energy, often exceeding 6MJ, posing
a significant risk of thermal damage.
More critically, line arresters with lower voltage ratings (e.g.,

Vr = 600 kV) consistently exhibit superior transient suppres-
sion capability across all configurations. This is primarily due
to their lower residual voltage characteristics, which allow them
to intervene earlier during the initial rise of the transient wave-
form, effectively limiting the voltage peak. This finding con-
firms that reducing the voltage rating of line arresters and op-
timizing their placement is a practical and effective strategy to
enhance system withstand capability while reducing insulation
costs.
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In conclusion, arrester configurations should prioritize con-
sistent voltage ratings and be carefully deployed at key lo-
cations based on the propagation characteristics of switching
transients. Notably, an effective suppression range of approx-
imately 5–10 km exists around the optimal installation point,
within which the desired mitigation performance can still be
reliably achieved.

4. SUPPRESSION PERFORMANCE OF NGLAS
AGAINST LIGHTNING TRANSIENTS
To evaluate the protective performance of NGLAs against di-
rect lightning strikes, this study conducts simulation analy-
sis focusing on the transient suppression effectiveness and en-
ergy absorption characteristics of surge arresters under differ-
ent voltage ratings and installation locations. In HVAC power
systems, back-flashovers caused by lightning are the primary
threat. Therefore, two scenarios are investigated in this study:
1) The lightning strike point is set exactly at the NGLA in-

stallation location, which coincides with the optimal position
previously identified for switching transient suppression.
2) The lightning strike point is offset from the NGLA loca-

tion by 1 km, 2 km, 3 km, 4 km, and 5 km, respectively.
The schematic diagram of the lightning model is shown in

Fig. 5. In the simulation, the lightning current is modeled
using a standard 2.6/50µs negative polarity waveform, with
peak current amplitudes ranging from 30 kA to 40 kA, consis-
tent with the characteristics of typical cloud-to-ground light-
ning discharges. The used surge arresters remain the same as
before, rated at 600 kV and 648 kV.

FIGURE 5. Schematic diagram of lightning strike locations.

4.1. Suppression Performance Affected by Installation Loca-
tion
To further evaluate the lightning transient suppression capabil-
ity of NGLAs, a comparative simulation study is conducted to
analyze their performance when NGLA is installed at various
distances from the lightning strike point.
Figure 6 presents a comparison of transient voltage wave-

forms at the lightning strike point under several representative
scenarios. In the simulation setup, an NGLA rated at 600 kV is
selected as a representative case and is installed either directly
at the strike point or at offset distances ranging from 1 km to
several kilometers. The analysis primarily focuses on two key
indicators: peak transient voltage and waveform duration.
Simulation results show that the peak voltage at the strike

location remains nearly unchanged regardless of how close or
far the NGLA is installed. This is because the peak value of the

FIGURE 6. Lightning transient waveforms for various arrester installa-
tion locations.

lightning transient is reached in the very early stage of the surge,
before the arrester can effectively interact with the wavefront.
As a result, unless the arrester is located exactly at the strike
point, it has minimal effect on the peak voltage magnitude.
However, the tail of the waveform — namely, its decay du-

ration — is significantly affected by the arrester’s proximity.
When the NGLA is installed closer to the lightning strike point,
it can absorb more of the residual energy and shorten the overall
waveform duration. As the installation distance increases, the
arrester becomes less effective at dissipating energy, leading to
longer transient durations.
These observations highlight a critical limitation: NGLAs

can only provide effective protection against lightning surges
when being installed directly at or very near the strike location.
Their spatial protection range is narrow, and relying solely on
NGLAs for full-line lightning protection would require high-
density installation, which is generally not economically or lo-
gistically feasible.
Therefore, while NGLAs are suitable for localized lightning

protection, their limited spatial effectiveness necessitates the
consideration of complementary measures for broader protec-
tion coverage across the transmission line.

4.2. Suppression Performance Affected by Vr

To further evaluate the suppression capability of NGLAs
against lightning transients, a comparative simulation study
is conducted to analyze the effects of installing NGLAs with
different voltage ratings at the lightning strike point. As shown
in Fig. 7, installing an NGLA at the lightning strike point
significantly reduces the magnitude of the lightning transient
compared to the case without an NGLA.
Table 3 summarizes the energy absorbed by arresters with

different voltage ratings and the resulting transient magnitudes
at the lightning strike point under varying lightning current lev-
els.
The results show that the energy absorbed by the arrester in-

creases approximately linearly with the magnitude of the light-
ning current. For instance, the NGLA rated at 600 kV absorbs
about 1.38MJ under a 30 kA lightning current, which rises to
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TABLE 3. Arrester energy absorption at various lightning current levels.

Lightning
Current [kA]

Energy Absorbed by
Arrester (Vr = 600 kV) [MJ]

Energy Absorbed by
Arrester (Vr = 648 kV) [MJ]

Lightning Transients Peak
(Vr = 600 kV) [MV]

Lightning Transients Peak
(Vr = 648 kV) [MV]

30 1.38 1.07 1.36 1.45
32 1.52 1.26 1.37 1.46
34 1.68 1.37 1.38 1.47
36 1.84 1.56 1.39 1.47
38 1.99 1.67 1.39 1.48
40 2.15 1.83 1.40 1.49

FIGURE 7. Lightning transients under different NGLA installation con-
ditions.

2.15MJ at 40 kA. Similarly, the NGLA rated at 648 kV ab-
sorbs approximately 1.07MJ at 30 kA, increasing to 1.83MJ
at 40 kA. This suggests that while both types of arresters effec-
tively limit the lightning-induced transient energy, the 600 kV
arrester consistently absorbs more energy under the same light-
ning current, reflecting its stronger engagement in the early
stage of surge suppression. This is primarily due to its lower
protection level, which allows it to clamp voltage at a lower
threshold and thereby initiate current conduction earlier in the
transient process.
Moreover, the simulation results indicate that the residual

voltage across both arresters remains nearly constant despite
variations in current amplitude. This characteristic is signifi-
cant from an insulation coordination perspective, as it ensures
predictable voltage stress on protected equipment under a wide
range of lightning current conditions. Stable residual voltage
behavior enhances design reliability and reduces the need for
excessive insulation margins.
Even under the maximum stress condition of 40 kA, the en-

ergy absorbed by either arrester remains well below the 6MJ
thermal failure threshold. This validates that the NGLAs, orig-
inally selected for switching transient suppression, are also ca-
pable of safely handling typical lightning strikes without suffer-
ing thermal degradation or initiating protective failure mecha-
nisms. Thus, from an energy withstand perspective, these ar-

resters exhibit robust thermal performance, enabling dual func-
tionalities: mitigating both switching and lightning transients.
This dual-purpose capability simplifies system design by

eliminating the need for separate sets of devices to address dif-
ferent types of transients, ultimately reducing installation com-
plexity, footprint, and maintenance cost. It also offers greater
design flexibility in achieving insulation coordination, particu-
larly in compact substations or mountainous transmission cor-
ridors where equipment space and accessibility are limited.
However, it must be emphasized that this favorable result

is obtained under the idealized condition where the lightning
strike coincides exactly with the arrester installation point. In
practical operation, such perfect alignment is statistically rare.
Since lightning strikes are stochastic in nature and can occur
at virtually any location along the line, the ability of a single
arrester to suppress a lightning transient diminishes rapidly as
the strike point deviates from its installation node. Therefore,
a more detailed investigation is required to assess the spatial
effectiveness and protection coverage of NGLAs for lightning
transients under offset strike conditions, which is addressed in
the following section.

5. SUPPRESSION DIFFERENCES BETWEEN LIGHT-
NING AND SWITCHING TRANSIENTS
Simulation results demonstrate that lightning and switching
transients exhibit fundamentally different propagation charac-
teristics, which impose distinct requirements and limitations on
the deployment strategy of surge arresters.
Switching transients are typically characterized by lower fre-

quency content and longer waveform durations. These wave-
forms propagate along the entire transmission line and re-
flect at impedance discontinuities such as substations or ter-
minal points. Consequently, switching transients have a broad
spatial influence and can be effectively suppressed by in-
stalling NGLAs at critical locations. Notably, they exhibit good
suppression performance within a 5–10 km adjustment range
around the optimal installation point. With only a few ar-
resters placed at strategically selected positions, overvoltages
along the entire line can be effectively mitigated, achieving
a well-balanced solution between technical effectiveness and
economic feasibility.
In contrast, lightning transients present as fast-rising, high-

frequency surges with extremely steep wavefronts. The volt-
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age peak occurs almost instantaneously at the strike point, and
the energy is concentrated in a very narrow temporal and spa-
tial window. Simulation results further confirm that only when
an NGLA is installed exactly at or in very close proximity to
the lightning strike point can it significantly affect the transient
waveform. When the arrester is offset by just a few kilometers,
its ability to suppress the voltage peak diminishes markedly,
although it may still absorb part of the waveform tail. This spa-
tial limitation means that sparse placement of NGLAs cannot
provide comprehensive lightning protection for long-distance
transmission corridors.
To visualize this comparison more intuitively, Fig. 8

illustrates the optimal installation zones for surge arresters
under switching and lightning transient conditions. As shown,
switching transient suppression benefits from installation
within a 5–10 km adjustable range around the optimal location,
while lightning transient suppression relies heavily on the
arrester being located exactly at or near the lightning strike
point.

FIGURE 8. Schematic diagram of arrester installation for lightning and
switching transient suppression.

In conclusion, while NGLAs demonstrate excellent wide-
area suppression and economic advantages for switching tran-
sients, their effectiveness in lightning protection is spatially
constrained. Therefore, protection schemes should adopt dif-
ferentiated strategies based on the transient type: for switch-
ing transients, optimize arrester deployment at key locations;
for lightning transients, consider high-density NGLA place-
ment or supplement with auxiliary protective measures (e.g.,
overhead ground wires, shielding angle optimization, or tower-
mounted protection devices). Through appropriate differenti-
ation of strategies, high-voltage system protection design can
achieve both technical adequacy and economic efficiency.

6. CONCLUSIONS
This paper presents a comprehensive numerical and simulation-
based study, using an ATP-EMTP andMATLAB co-simulation
framework, on the protection performance of NGLAs against
switching and lightning transients in a 750 kV HVAC transmis-
sion system under extreme operating conditions. The key con-
clusions are summarized as follows:
1) For switching transients, optimal suppression is achieved

when both the outgoing line surge arrester (OLSA) and NGLA
adopt the Y20W-600/1380 configuration. When NGLA is in-

stalled within a 5–10 km range around the optimal location,
the 2% statistical overvoltage can be effectively limited below
1.8 p.u., ensuring compliance with insulation coordination stan-
dards while avoiding thermal overload.
2) For lightning transients, effective suppression is highly

location-dependent. Significant mitigation of peak transient
voltage is observed only when the NGLA is installed precisely
at or very near the lightning strike point. Even slight positional
deviations (1–5 km) result in a sharp drop in suppression effec-
tiveness, although some energy in the waveform tail can still be
absorbed.
3) Switching and lightning transients exhibit fundamentally

different spatial and temporal propagation characteristics.
Therefore, differentiated deployment strategies are essential:
NGLAs are well suited for regional switching transient
suppression through strategic positioning, while lightning
protection may require high-density installation or supplemen-
tary methods such as overhead ground wires or tower-based
shielding.
Overall, this study demonstrates the dual protective capabil-

ity of NGLAs when they are appropriately configured. The
findings provide valuable engineering insight and theoretical
guidance for insulation coordination, arrester selection, and de-
ployment strategies in ultra-high-voltage power systems.
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