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Abstract

As a critical insulation component in cable systems, the cable terminal is susceptible to de-
fects caused by human and environmental factors during manufacturing, installation, and
service. Such defects may lead to local electric-field distortion and insulation weaknesses
at the cable terminal, posing a severe threat to the safe operation of the cable system. In
this study, an electric-field simulation model of a 10 kV cable terminal was implemented
to investigate the effects of various defects, such as insufficient stress-cone overlap, axial
scratch, ring-cut defect, and moisture ingress on the cable terminal. The results show that
insufficient stress-cone overlap produces a severe field distortion, and the distortion level
is strongly correlated with the misalignment distance. For mechanical damage defects,
axial scratches and ring-cut defects mainly distort the electric field inside the air gap,
and defect position induces a stronger distortion level than that of defect depth. With
increasing ring-cut depth, the maximum value of distorted electric field first decreases
and then rises slightly. For moisture defects, the distorted field primarily occurs at the
angle between the water-film tip and the stress cone, where the maximum value appears
near the XLPE/SIR interface. These results provide a theoretical basis for defect diagnosis,
structural optimization, and assembly process control of cable terminals.

Keywords: 10 kV cable terminal; assembly defect; electric-field simulation; stress cone;
insulation defect

1. Introduction

Cable accessories are important components that are used for the connection of two
sections of cable or as a bridge between XLPE cables and overhead lines. Their operational
safety ensures the stability of power transmission. With the continuous development of
power grids, the performance requirements for cable accessories have also been significantly
raised [1-3]. However, various defects caused by human and environmental factors are
difficult to eliminate during the assembly process of cable joints and terminals due to
varying installation requirements from cable accessory manufacturers. Once these defects
occur and are not detected timely, they may develop into severe failures such as short or
open circuits in the power cable system [4,5].

Generally, defects generated in the assembly process of cable accessories may lead to
severe electric-field distortion at the insulation shielding. This distortion increases local
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electric stress, which may accelerate insulation aging during operation and ultimately lead
to power cable failures [6]. During the operation of the power cable, the silicone rubber at
the cable joint or terminal expands because of the joule heat as the current flows through the
conductor, which can cause air gaps at the interface between the silicon rubber and XLPE
insulation. When the cable operates in a humid environment, moisture may enter the air-
gap defect to induce an electric-field distortion at the interface [7,8]. The distorted electrical
field is prone to inducing partial discharge and deteriorating the insulation performance
of the cable joint, finally leading to cable accessory breakdown and lowering the reliable
operation of the cable system [9].

In recent years, power cable faults caused by defects in accessories have received
widespread concerns. Simulation models of cable joints with typical construction defects
were built using finite-element theory to calculate the electric-field distribution at the
defect area [10-12]. However, most of the two-dimensional simulation models exhibit a
low similarity to the real defects in cable accessories. Meanwhile, the research often only
focuses on a single type of defect, such as water-treeing degradation, and lacks analysis of
the impact of spatial position on electric-field strength and comparative studies of different
defects caused by environmental factors. Cable faults are closely related with different types
that usually give rise to partial-discharge with various discharge characteristics [13,14]. For
example, the characteristic parameters of partial discharge, including the quantity of partial
discharge, discharge phase spectrums, pulse waveforms, and phase distributions, were
widely adopted to assess the severity of different defects in the cable accessories [15-17].
Recently, most studies have mainly focused on the roles of thermal aging and impurity
particles in cable joints. In contrast, the effects of stress-cone misalignment, main-insulation
scratches, and moisture ingress on electric-field distribution and partial discharge activity
on cable accessories remain unclear.

In this work, a three-dimensional finite-element model of a 10 kV cable terminal was
established using COMSOL Multiphysics. Electric-field simulations were carried out to
investigate typical defects, including stress-cone misalignment, mechanical damage, and
moisture ingress. The simulation results reveal how defect types, position, and geometry
modify the local electric-field distribution in the terminal structure. These findings provide
a useful basis for optimizing stress-cone positioning, improving assembly quality control,
and identifying defect-sensitive regions during maintenance.

2. Model Construction and Simulation Methodology
2.1. Geometric Model and Material Parameters of the Cable Terminal

A commercial 10 kV XLPE cable (YJV62-8.7/15 kV-1 x 185 mm?, Long Park Power
Technology Co., Ltd., Zhuhai, China) with cold-shrinkable accessories were employed
in this study. As illustrated in Figure 1, the 10 kV cold-shrinkable accessory exhibits
a sophisticated multi-layer configuration. It primarily comprises the copper conductor,
conductor shielding layer, XLPE insulation, insulation shielding layer, copper shield, semi-
conductive tape, stress cone, and the secondary silicone rubber (SIR) insulation. A three-
dimensional simulation model of the 10 kV cable accessory was constructed based on
the assembly procedure and the dimensional specifications of the accessory. The internal
stress cone of the cable terminal was designed with a bell-mouth profile, where a distinct
arc-initiation point can be observed. The specific geometric parameters for each layer of
the cable accessory structure are summarized in Table 1. The geometric dimensions and
material parameters of the XLPE cable terminal used are listed in Table 1; it was provided
by Long Park Power Technology Co., Ltd. (Zhuhai, China).
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Arc inception point

Figure 1. 10 kV XLPE cable terminal structure. 1—Copper conductor; 2—conductor shielding layer;
3—XLPE insulation; 4—insulation shielding layer; 5—copper shielding layer; 6—semiconductive
tape; 7—stress cone; 8—silicone rubber.

Table 1. Material parameters of the cable terminal simulation model.

Component Relative Permittivity (g,) Conductivity (o, S/m)
Copper conductor / 5.998 x 107
Conduct(?r / 1psulat10n 100 ’
shielding
Main XLPE insulation 2.3 1x 10718
Accessory insulation (SIR) 2.85 3.125 x 1016
Stress cone 40 0.1
External shielding 20 15
Epoxy resin block 4.5 1x10° 1
Semi-conductive tape 10 5

2.2. Boundary Conditions and Numerical Settings

For the 10 kV cable, the rated phase-to-ground voltage Uj of the copper conductor is
8.7 kV. Accordingly, the copper conductor was assigned a voltage of 8.7 kV, and the rated
normal current was set to 350 A. The copper shield and the outer surface of the accessory
main insulation were set to ground potential in the cable terminal model. The electric field
was solved at the power frequency of 50 Hz. The electric field was calculated with the
finite-element method using the governing equation of the electric current field, which is
given in Equation (1) [18]:

v']:Qj,v
] =cE+jwD+ . 1)
E=-V¢

where V is the vector differential operator, | is the current density vector in A/m?, Qjois
the current source in A/m?3, ¢ is the electrical conductivity in S/m, E is the electric-field
vector in V/m, D is the electric displacement vector in C/m?, g is the electric potential in
V, and J, is the externally applied current density in A/m?. The basic variable ¢ will be
solved and other parameters such as the electric-field strength can be derived from ¢.
The simulations were carried out based on the finite-element method [19]. To ensure
numerical reliability, a physics-controlled mesh with local refinement in the high-field
regions was employed [20,21]. The final mesh parameters were determined based on mesh-
refinement tests. This setting reduced numerical error effectively and ensured sufficient
accuracy in regions with a thin copper shield and in regions containing multi-material
composite structures. All finite-element simulations were performed using COMSOL
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Multiphysics 6.1 on a computer equipped with an Intel Core i7-12700 processor, 32 GB
RAM, and a 64-bit Windows operating system. The mesh generation method is applied on
the 10 kV XLPE cable terminal as shown in Figure 2.

Figure 2. The 10 kV XLPE cable terminal mesh division.

2.3. Defect Configuration of the Model

The various defect configurations were selected according to common installation and
service problems in cable terminals. Stress-cone misalignment usually occurs due to the
insufficient stress-cone overlap caused by improper positioning or inaccurate cutting of the
insulation shield during the cable terminal assembling. Axial scratches and ring-cut defects
represent typical mechanical damage introduced during cable preparation or accessory
installation. Moisture ingress represents the typical interfacial defects induced by sealing
degradation and the breathing effect during service. These issues tend to induce severe
local electric-field distortion at the insulation-shield cutback, XLPE/SIR interface, and air-
gap regions in the cable terminal, which are critical locations for partial discharge initiation
and insulation failure.

2.3.1. Stress-Cone Misalignment

According to the standard installation requirements for cable accessories, the end of
the semi-conductive shielding layer in the cable should be chamfered to ensure a smooth
electrical-field transition from the conductor to the XLPE insulation. Under ideal condi-
tions, the stress-cone should fully cover the insulation shielding layer, and the designed
positioning area is located about 12 mm from the chamfer to the initial point of the stress
cone. In actual installation, position misalignment is generally caused by the improper
positioning of the stress cone or inaccurate cutting of the insulation shielding layer, thereby
resulting in an insufficient stress cone overlap. To reveal the relationship between the
overlap misalignment distance and the electric-field distribution at the insulation shielding
chamfer, a series of defect models were established as shown in Figure 3. In this case, the
chamfer position is set as the reference point. The shield extension distance was designed
from 0 to 50 mm with an interval of 5 mm.

Insulation shielding layer v !

Direction of movement
—_—

Reference Boint + mm

XLPE insulation

Figure 3. Simulation model of assembly defect in 10 kV XLPE cable.
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2.3.2. Mechanical Damage Defects

During preparation and installation of cable accessories, improper manual force or
inadequate tooling can inadvertently damage the XLPE insulation, leading to surface
scratches or micro-air gaps. In this study, the axial scratch was designed as a four-sided
prismatic defect with a length of 10 mm and a surface width of 0.2 mm. Based on this defect
model, the effects of defect depth and axial position on the local electric-field distribution
within the cable terminal were studied. Furthermore, the scratch defect along the axial
position was varied from 0 to 90 mm from the insulation-shield chamfer (reference point)
with an increment of 10 mm, as illustrated in Figure 4a. Moreover, the ring-cut scratch
defect was designed about 5 mm away from the insulation-shield chamfer with a fixed
width of 0.5 mm, and its depth followed gradient growth from 0.5 to 3 mm, as shown in
Figure 4b.

N

Direction of movement
—_—
Ref Depth
Fornt t S mm R A
= it
(a) (b)

Figure 4. Axial scratch and ring-cut defects in XLPE cable terminal. (a) Axial scratch; (b) ring-cut
scratch.

2.3.3. Moisture Defect

Cable terminals can be frequently exposed to harsh service environments. Once the
sealing system is compromised, environmental moisture can penetrate into the XLPE-SiR
interface. Meanwhile, temperature fluctuations may induce repeated thermal expansion
and contraction of the insulation materials, giving rise to the breathing effect that promotes
further moisture ingress into the interior of the cable accessory. A large-area water film
is probably generated at the interface between the XLPE insulation and stress cone in the
cable terminal as shown in Figure 5. The water-film defect was modeled as a series of
ellipsoidal subdomains, which were set 2.0 mm in length and 0.8 mm in both width and
thickness. With the insulation-shield cutback taken as the axial reference point, the total
interfacial length of the water-film defect was set to 50 mm.

50 mm

Reference point

Figure 5. Moisture defect in XLPE cable terminal.
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3. Results
3.1. Electric-Field Simulation of Defect-Free Cable Terminals

Figure 6 shows the electric-field and equipotential distributions of the defect-free cable
terminal. In Figure 6a, the electric-field intensity in the copper conductor and other equipo-
tential metallic regions is approximately 0 kV/mm. The maximum electric-field intensity is
2.39 kV/mm, which occurs near the conductor-shield side of the XLPE insulation. Along
the radial direction of the XLPE insulation, the electric-field intensity gradually decreases.
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05F

Electric field intensity (kV/mm)
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Figure 6. Defect-free cable terminal. (a) Electric-field distribution of the cable terminal; (b) distribution
of equivalent electric-field lines at the cable terminal; (c) radial electric-field distribution at the arc
starting point of the stress cone.
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As shown in Figure 6b, the stress cone provides effective field grading, thereby mit-
igating the electric-field enhancement at the chamfer of the insulation shield. However,
pronounced field concentration is still observed near the stress-cone tip and in the adjacent
conductive structural region. This phenomenon is mainly ascribed to the fact that, under
AC voltage, the electric-field distribution is governed predominantly by relative permittiv-
ity. At these locations, the interface between materials with high permittivity differences
causes local field distortion. Moreover, the local curvature of the structure favors charge
accumulation, which further intensifies the partial electrical-field concentration.

The radial electric-field intensity distribution near the stress-cone tip is shown in
Figure 6¢. The electric field inside the cable terminal decreases progressively along the
radial direction, and most of the electric stress is concentrated in the XLPE insulation. The
maximum electric-field intensity occurs at the interface between the XLPE insulation and
the conductor shielding layer.

3.2. Simulation of Stress-Cone Misalignment

Figure 7 shows the potential, electric-field, and equipotential-contour distributions
for cable terminals with stress-cone misalignment. A chamfer at the insulation shield
forms a sharp cutback edge, which tends to distort the local electric field. In the defect-free
case, the stress cone can limit the electric-field intensity to 1.58 kV/mm. As shown in
Figure 7a,b, once the insulation shield protrudes beyond the stress-cone tip, the original
equipotential distribution is disrupted, and the equipotential lines diverge from the edge of
the insulation-shield cutback, indicating that the field-grading capability of the stress cone
is weakened. In Figure 7c, when the edge of the insulation-shield cutback is located 15 mm
from the reference position, it just extends beyond the stress-cone tip, and field distortion
begins to appear with the maximum electric-field intensity of 2.40 kV/mm. When the
edge of the insulation-shield cutback is located 25 mm from the reference point, as shown
in Figure 7d, typical electric-field distortion occurs at the cutback tip. The maximum
electric-field intensity increases to 3.67 kV/mm, which is 3.5 times that of the defect-free
case, indicating a significant risk to the safe and reliable operation of the cable terminal.

Figure 8 shows the electric-field intensity along the XLPE/SIR interface in the axial
range of 0—65 mm from the insulation-shield reference point. When the cutback is located
beneath the stress-cone flare, corresponding to a distance of 15-20 mm from the reference
point, the effective overlap between the stress cone and the insulation shield becomes
insufficient. As a result, the field-grading capability of the stress cone is weakened, and the
potential gradient becomes concentrated near the XLPE/SIR interface, causing the field
intensity to rise rapidly above 2.4 kV/mm. When the cutback is further extended into
the 25-50 mm range, the field distribution is mainly governed by the exposed cutback
edge and the XLPE/SIR interface. Therefore, the field intensity remains at a high level of
approximately 3.6-3.69 kV/mm, corresponding to an increase of about 133% relative to the
defect-free condition.

Reference

o point l:l

Figure 7. Cont.
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Figure 7. Cable terminal stress cone overlapping not in place potential, electric field and its equipo-
tential line distribution. (a) Potential distribution and equipotential contours for a misalignment
of 15 mm; (b) potential distribution and equipotential contours for a misalignment of 25 mm;
(c) electric-field intensity distribution under a 15 mm stress-cone misalignment; (d) electric-field
intensity distribution under a 25 mm stress-cone misalignment.
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Figure 8. The influence of stress-cone misalignment distance on electric-field strength of insulation-
shield layer in cable terminals.

3.3. Simulation of Mechanical Damage Defects

Figure 9 shows the effects of axial scratches at different locations and depths on
the electric-field distribution inside the cable terminal. As shown in Figure 9a—c, three
representative axial scratch cases are presented. The scratches are located 20, 50, and 80 mm
from the insulation-shield reference point, with corresponding depths of 1, 2, and 3 mm,
respectively. The maximum electric-field intensities associated with these three defects
are 2.00, 1.36, and 1.49 kV/mm, respectively, indicating that the most severe distortion
occurs in the case with a scratch position of 20 mm and a depth of 1 mm. In all three
cases, the electric-field distortion is mainly localized in the defect region, whereas the field
distribution within the defect remains markedly nonuniform. Moreover, the location of the
peak distortion varies with scratch position, suggesting that scratch position has a stronger
influence on the local field response.

Figure 9d shows that the average electric-field intensity at the defect varies non-
monotonically with axial position, whereas its dependence on scratch depth is relatively
weak. For all scratch depths, the average electric-field intensity follows a broadly similar
variation with scratch position. Within the 0-10 mm region from the insulation-shield
reference point, the average electric-field intensity remains relatively high and reaches
the maximum of 1.78 kV/mm at 10 mm, which is mainly attributed to the proximity to
the stress-cone tip, where the interaction between permittivity mismatch and the complex
multi-material interface configuration intensifies the local field distortion. When the scratch
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is located more than 20 mm away from the insulation-shield reference point, it gradually
moves away from the stress-cone tip region, where the local field distortion is strongest. As
aresult, the average electric-field intensity inside the defect decreases rapidly to a minimum
of about 0.9 kV/mm. When the scratch moves farther away from the insulation-shield
reference point, the SIR layer above the defect gradually becomes thinner. The resulting
reduction in the local insulation path causes the potential drop to be concentrated over
a shorter distance, and the average electric-field intensity therefore increases again. In
the 70-90 mm range, where the SIR thickness remains nearly unchanged, the average
field approaches a stable value of about 1.2 kV/mm. By comparison, increasing scratch
depth causes only a slight monotonic increase of approximately 0.1 kV/mm in the average
electrical field, indicating that axial position causes a much stronger effect on the local
electric-field distribution than that of scratch depth.

kv/mm
A 136
135
1.3
125

12
115
11
1.05

0.95

¥ 0.908

Seratch depth (mm)

o

n

rength (kV/mm)
9

o

3

Electric field st

s e

"0 10 20 30 40 50 60 70 80 90
Seratch distance (mm)

() (d)

Figure 9. Axial scratch electric-field distribution of cable terminal. (a) Distance 20 mm, depth 1 mm;
(b) distance 50 mm, depth 2 mm; (c) distance 80 mm, depth 3 mm; (d) effect of axial scratch position
and depth on the electric field in cable terminals.

Figure 10 shows that the maximum electric-field intensity in the ring-cut area varies
non-monotonically with defect depth. As shown in Figure 10a—c, in the ring-cut defect
with depth of 2.0 mm, the maximum field is relatively low at 1.81 kV/mm, whereas for
depths of 1.0 mm and 3.0 mm it exceeds 1.9 kV/mm. For the shallow 1.0 mm ring cut, the
high-field region is concentrated at the cut edge adjacent to the stress cone, as shown in
Figure 10d, because the defect is located close to the stress-cone/air-gap interface, where a
strong permittivity mismatch induces a steep local electric-field gradient. When the defect
depth increases to 2.0 mm, the high-field region gradually extends from the stress-cone-side
cut edge toward the inner region of the air gap, leading to a more distributed electric-field
pattern with reduced local concentration, as shown in Figure 10e. This redistribution lowers
the peak field and gives the minimum value among the three cases. When the depth further
increases to 3.0 mm, a larger fraction of the local potential drop falls across the enlarged air
gap, while the residual XLPE thickness is reduced to only 1.5 mm. Under this condition,
the residual XLPE is no longer sufficient to effectively redistribute the defect-induced local
electric stress, and the high-field region shifts toward the XLPE-side interface, causing the
peak field to rise again, as shown in Figure 10f.
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Figure 10. Electric-field distribution for ring-cut defects in a cable terminal. (a) Electric-field distribu-
tion at a depth of 1 mm; (b) electric-field distribution at a depth of 2 mm; (c) electric-field distribution
at a depth of 3 mm; (d) electric-field distribution of 1 mm air gap; (e) electric-field distribution of
2 mm air gap; (f) electric-field distribution of 3 mm air gap.

Figure 11 shows the variation in the average electric-field intensity in the ring-cut de-
fects with depth of 0.5-3 mm. As the depth increases, the field strength of cable accessories
first decreases and then slightly increases. For the cable terminal, the average electric-field
intensity at the initial depth of 0.5 mm is 1.93 kV/mm, which is more than 21% higher than
that in the defect-free case. Compared with axial scratches, ring-cut defects lead to more
severe electric-field distortion because the circumferential cut disturbs the interfacial field
over a larger region. In contrast, axial scratches mainly act as localized defects and therefore
have a more limited influence on the overall field distribution. Moreover, the average
electric-field intensity within the defect is strongly dependent on ring-cut depth. When the
depth reaches 1.5 mm, the average field decreases to about 1.77 kV/mm, corresponding to
a reduction of approximately 8.3% relative to the initial value of 1.93 kV/mm. As the cut
depth increases further, the average field within the defect increases slightly.

94 4 . .
1.94 -@- Cable accessory termination head

Electric field strength (kV/mm)
% m o m w o ©
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2
®
L
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=)
1

0.0 05 10 1's 20 25 30 35
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Figure 11. Influence of ring-cut depth on electric-field intensity.
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3.4. Simulation of Moisture Defect

Figure 12 shows the distribution of potential, electric field, and their equipotential lines
under the various moisture conditions at the terminal. As can be seen from Figure 12a, the
presence of the water film significantly alters the original potential distribution. Specifically,
the equipotential lines are deflected and diverge outward from the top of the water film.
This behavior is similar to the field concentration observed at the edge of the insulation-
shield cutback under insufficient stress-cone overlap. Unlike the stress-cone misalignment
case, an evident potential gradient is established within the water film because of the per-
mittivity and conductivity mismatch between the water film and its surrounding insulation
material. As a result, the maximum electric-field intensity within the water film reaches
0.42 kV/mm. This peak appears near the stress-cone tip, where the equipotential lines are
closely spaced, indicating pronounced local field concentration.

%

As7
8
6
4
2
0

Yo
%

A 855 A 342
7.39 ' 2.95
5.95 H237
45 11.79
3.04 H1.22
1.59 0.64
0.14 0.06

¥ 0.145 V¥ 0.058

(a) (b)

Figure 12. Electric potential, field and equipotential line distribution in cable terminal with moisture-
induced defect. (a) Electric potential and its equipotential line distribution; (b) electric field and its
equipotential line distribution.

Figure 12b shows the electric-field distribution in the cable terminal with a moisture
defect. Two major high-field regions are observed in the cable terminal: one at the corner
where the water film meets the stress cone, and the other at the top of the water film.
The maximum electric-field intensity, 3.47 kV/mm, occurs in the corner region. These
regions therefore represent the dominant sites of local field enhancement, where geometric
discontinuity and permittivity mismatch intensify the electric-field distortion.

3.5. Risk Implications for Cable Terminal Design and Maintenance

To evaluate the relative risk associated with different defect cases, the local electric-
field intensity and its enhancement relative to the defect-free condition were taken as
indicators of local dielectric stress. Previous studies have reported quantitative dielectric-
performance references for cable termination insulation and XLPE-related interfacial defects.
For example, the breakdown field strength of air was reported to be about 3 kV/mm,
whereas the breakdown field strength of XLPE insulation was reported to be higher than
25 kV/mm [22]. Therefore, local field intensification near air gaps, moisture defects, and
interfacial discontinuities is closely related to partial-discharge and breakdown risk.

Previous cable-termination studies further showed that internal defects can produce
local electric-field intensities much higher than the air-breakdown level. The maximum dis-
torted electric-field intensities caused by air-gap, water-droplet, semiconductor-impurity,
and carbon-trace defects were reported to be 8.3, 14.3, 18.2, and 21.3 kV/mm, respec-
tively [23]. In addition, a study combining finite-element simulation and partial-discharge
tests on vehicle-mounted cable terminations showed that the maximum field strength dur-
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ing interfacial defect evolution could reach 14.1-18.3 kV/mm, and stable partial discharges
could be formed at the operating voltage in certain defect-evolution stages [24].

It should be noted that the structures, material systems, voltage levels, and defect
configurations in the cited studies are different from those in the present 10 kV XLPE cable
termination model. Therefore, these reported values are used only as quantitative reference
values for interpreting dielectric-performance risk, rather than as direct threshold criteria
for the occurrence of partial discharge, electrical treeing, or dielectric breakdown in the
present model. The simulated electric-field intensity in this work is therefore interpreted as
a relative indicator of field intensification and defect sensitivity.

Based on this criterion, stress-cone misalignment and moisture ingress can be regarded
as relatively high-risk defect conditions because they produce pronounced field concentra-
tion at the insulation-shield cutback and the water-film/stress-cone corner, respectively.
Axial scratches cause more localized field distortion, whereas ring-cut defects disturb a
larger interfacial region and therefore require closer attention. These results suggest that
cable termination design should ensure sufficient stress-cone overlap and smooth field
grading near the insulation-shield cutback, while operation and maintenance should fo-
cus on the XLPE/SIR interface, mechanically damaged regions, and moisture-sensitive
sealing areas.

4. Conclusions

The effects of typical defects such as stress-cone misalignment, scratch defects, and
moisture defects on the electric-field distribution in the 10 kV cable terminal were studied.
It is found that the defect type, location, and geometry all play important roles in local
field distortion in the cable terminal. Among the assembly defects, insufficient stress-cone
overlap produces the most severe field distortion, with the peak electric-field intensity
reaching 3.69 kV/mm, 133% higher than that in the defect-free case. For damage defects,
axial scratches and ring-cut defects exhibit different distortion characteristics: the average
field caused by axial scratches is governed primarily by scratch position, and the most
severe distortion area occurs near the stress-cone tip, whereas the maximum field in ring-
cut defects shows a non-monotonic dependence on defect depth. For moisture defects, field
distortion is concentrated mainly at the water-film tip and at the angle between the water
film and the stress cone. Overall, the results show that assembly quality and the defect
location are the dominant factors affecting electric-field distortion in cable terminals.
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