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The stabilization of cross-linked polyethylene (XLPE) cables is crucial to the safe working of power systems. In order to investigate
the aging characteristics of cable insulation in the process of operation, 10 kV XLPE cables were electrically-thermally aged at an AC
voltage of 26.1 kV and three temperatures: 103°C, 114°C, and 135°C. Cable samples at five aging stages were cut into slices and tested
to determine their mechanical, physicochemical properties and dielectric strength. The changes in these properties were analyzed in
terms of aging time. The mechanical strength and oxidation induction time have the same changing trend of decrease, because the
chemical bonds of the cable insulation material are fractured when the XLPE cable is aged. The AC space charge presented a trend
of gradual accumulation with aging time. The breakdown field strength after AC voltage application decreases monotonically with
aging time, which could be a characteristic index to evaluate the degradation degree of the cable insulation. This research
contributes to the comprehension of degradation mechanism and discovery of aging assessment criteria, which is of great
significance in assessments of insulation properties and fault detection on power cables.

1. Introduction

Commonly used power cables can be divided by their type of
insulation into the categories of oil-paper insulated cables,
rubber insulated cables, and plastic insulated cables. Plastic
insulated cables can be further divided into polyvinyl
chloride (PVC) insulated cables, polyethylene (PE) insulated
cables, and cross-linked polyethylene (XLPE) insulated
cables. Of these, XLPE-insulated cables have become the
dominant power cable variety. In recent years, they have been
widely used in power transmission and distribution grid
systems, because of the relatively simple manufacturing pro-
cess and their excellent mechanical, electrical, and thermal
performance [1, 2]. During use, cables are affected by elec-
tricity, heat, moisture, and other factors that result from
aging and electrical performance degradation. This eventu-
ally leads to cable breakdowns and can seriously be harmful

to the safe and stable operation of the power grid [3]. There-
fore, the degradation mechanism of cable insulation under
electrical and thermal effects is important when evaluating
the degree of degradation and fault detection in a cable.

In laboratory conditions, the accelerated electrical-
thermal aging method is typically used for research into the
aging characteristics of insulation materials [4]. There have
been a number of studies of the effects of accelerated thermal
or electrical aging on low-density PE or XLPE film material.
It has been found that part of the film specimens for aging
is from low-density polyethylene powder hot pressing [5]
and that part of the film specimens is cut off from the actual
cable insulation [6]. The aging process for cable insulation
can, to some extent, be simulated through aging tests in PE
film material. There are some experimental results about
thermal aging and electrical aging. Shwehdi et al. studied
thermal aging of PVC and XLPE samples [7]. Bessissa et al.
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proposed a fuzzy logic method for predicting cable life under
thermal aging [8]. Zhan et al. studied the relationship
between structural changes and dielectric strength of cable
insulation under thermal oxidative aging [9]. Wang et al.
and others studied the space charge characteristics of XPLE
films under long-termDC voltage and high temperature [10].

There are some differences in the aging environments of
PE film materials and XLPE cable coaxial insulation [11].
Specifically, the surface of the film material under aging is
in direct contact with either air or insulating oil, while
the cable insulation is isolated from the air by the outer
shielding layer. This can lead to changes in the aging
mechanism. It is difficult to reflect the aging mechanisms
of cable insulation by only testing the PE film material.
Therefore, it is significant to study the aging characteristics
on real cable coaxial insulation. Montanari et al. at the
University of Bologna looked at 1.5mm thick XLPE-
insulation cables and researched the long-term behavior
of the cable under electrical-thermal aging. The experi-
ment examined the method of density, melting enthalpy,
electric strength, and SEM (scanning electron microscope)
[12, 13]. However, a 1.5mm thick XLPE-insulation cable
is very thinly insulated and is not suitable in power distri-
bution network systems (≥6 kV and 2.5mm thick XLPE
insulation).

At present, the research of cable insulation aging is lim-
ited to a single aging method such as electrical aging or ther-
mal aging [14, 15]. There is little research conducted on aging
of cable insulation under combined electrical-thermal stress.
In addition, the research object of insulation material aging is
mostly sliced material rather than cable [16, 17], which may
result in deviation from the result of field operation. Right
now, research on electrical-thermal aging of power transmis-
sion cables is still blank. Thus, the electrical-thermal aging
mechanism of the whole cable is not clear so far. Therefore,
further study is necessary to explore the aging mechanism
of cable insulation and propose an early warning scheme
for cable insulation deterioration.

In order to study the degradation mechanism of power
cables under the combined effects of heat and electricity, we
carried out an electrical-thermal aging test on a 10 kV
XLPE-insulated cable, conducted a series of experiments on
cable samples at different aging stages, analyzed the changes
in mechanical properties, and examined the physicochemical
properties and dielectric strength in relation to aging time.

2. Experimental Introduction

2.1. Sample Preparation. Peroxide cross-linked polyethylene
is made of low-density polyethylene, and its crystallinity is
lower than polyethylene. There are two types of polyethylene
cross-linking: radiation cross-linking and peroxide cross-
linking. The peroxide cross-linking method is superior to
radiation cross-linking in terms of economic performance
and processability. The most popular cross-linking agent is
dicumyl peroxide. In a high-temperature and high-pressure
environment, the hydrogen atoms on the polyethylene chain
are “robbed” and the polyethylene molecules that have lost
hydrogen atoms are united, which promotes cross-linking.

The aging test used a 10 kV XLPE cable produced by Qing-
dao Cable Limited by Share Ltd., with an XLPE main insula-
tion thickness of 4.5mm. It is produced by the peroxide
cross-linking method. Figure 1 shows how the cable sample
was prepared. The total length of the cable is 340mm. The
left and right ends of the outer semiconductive layer were
stripped, exposing 90~100mm length of XLPE insulation.
The distortion of the electric field intensity under the effect
of AC high voltage easily produced coronas at the edge of
the outer semiconductive layer, to the extent that flashovers
occurred. In order to create a uniform electric field and
prevent flashover, the two sides of the semiconductive layer
were designed and installed on the stress cone. The electric
field distribution before and after the installation of the stress
cone is shown in Figure 2.

After samples of the cable body in each aging stage were
taken out, the insulation layer of the cable was cut into thin
slices to form a loop, as shown in Figure 3. All samples are
taken from the central insulation layer, because of the differ-
ences between the inner and outer layers of the cable in the
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Figure 1: The structure of aging test cables: 1, cable core; 2, XLPE-
insulation layer; and 3, outer semiconductive layer.
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Figure 2: The electric field distribution in the outer semiconductive
layer incision before and after the installation of the stress cone: 1,
outer semiconducting layer; 2, XLPE insulation; 3, cable core; and
4, stress cone.
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Figure 3: Cutting method of cable insulation.
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production process, as well as differences between the inside
and outside layers in terms of electric stress [18] during the
aging process.

2.2. Aging Conditions. XLPE material is a type of polymer
made up of crystals and an amorphous region. Its crystalliza-
tion properties are an important factor in dielectric aging and
its space charge transport characteristics [19]. The crystalli-
zation properties of XLPE can be measured through differen-
tial scanning calorimetry (DSC) [20]. Figure 4 shows the
relationship between the flow rate and the temperature
obtained in the DSC testing of the nonaged XLPE cable.
The heat flow rate decreases continuously after 10°C. The
heat flow rate reaches the peak around 103°C; after 103°C,
the rate gradually increases. When the temperature reaches
114°C, the heat flow rate stabilizes, which means the crystal
region of the sample is completely cracked after 114°C [21].

In this study, we select three aging temperatures and
carry out a comparative aging test. The first temperature
selection is 103°C which is the peak temperature of the col-
umn crystal region disaggregation. The second temperature
selection is 114°C, which is the temperature of the complete
column crystal region disaggregation. The third temperature
selection was135°C, which is the specified heat aging treat-
ment temperature in IEC 60502-2-2005. In this study, the
rated phase voltage of the cable wasU0 = 8:7 kV. Considering
the aging time, the highest voltage the cable was able to with-
stand, the high-pressure casing of the stress cone, and the
long-term operation of the high-voltage bushing, we set the
applied voltage at 26.1 kV, which is 3 times the rated voltage.

The electrical-thermal aging time was divided into five
stages. The temperature of the sample aging time and the
sampling time interval are shown in Table 1. The electric
heating aging platform device diagram is shown in Figure 5.

2.3. Experiment Introduction. Elongation at the break and
tensile strength are two indicators commonly used to reflect

the mechanical properties of insulating materials. According
to IEC 60811-1-1: 2001 (“General Test Methods for Insula-
tion and Sheathing Materials of Electrical and Optical Cables
Part 1-1: General Test Methods—Thickness and Dimension
Measurement—Mechanical Performance Test”), elongation
at the break and tensile strength can be measured by a
CWT6502 microcomputer electronic universal testing
machine, and the tensile speed is 250 ± 50mm/min.

A differential scanning calorimeter (DSC) can accurately
and conveniently measure the oxidation induction time
(OIT) of XLPE cables. At a certain temperature, the oxida-
tion induction time refers to the time when the test sample
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Figure 4: Relationship between heat flux and temperature under DSC testing.

Table 1: Sample aging time of each temperature and time interval of
sampling.

Aging temperature 103°C 114°C 135°C

Electric stress AC voltage 26.1 kV

Total aging time (day) 375 200 150

Sampling interval (day) 75 40 30

1

3

4

5 6

2

Figure 5: The structure of electric heat aging test platform: 1, AC
transformer; 2, conducting rod; 3, high-voltage bushing; 4, aging
box; 5, cable sample for aging; and 6, ground wire.
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is switched from the nitrogen environment to the oxygen
environment to the time when the oxidation reaction occurs
automatically. The start temperature of the experiment is
room temperature, and the temperature is increased at a rate
of 10°C/min until 200°C.

We were able to analyze the microstructure and cell
information of the crystal using crystal X-ray diffraction
(XRD). In semicrystalline polymers like XLPE, the crystallin-
ity can be obtained through X-ray diffraction. The X-ray dif-
fraction test conditions are CuKα radiation (λ = 0:154nm),
tube voltage of 40 kV, tube current of 30mA, scanning range
of 10°~30°, scanning rate of 4°/min, and 0.02° sampling space.

The change of the structure was analyzed by obtaining
the characteristics of the infrared spectrum of the absorption
peak material containing the functional groups [20, 22].
Samples from the various aging stages were cleaned with
anhydrous alcohol. After drying at room temperature, they
were put in the Fourier transform infrared spectrometer for
testing. The test conditions were scanning number: 32, reso-
lution: 4, and wave number range: 4000~400.

The sample breakdown voltage reflects the dielectric
strength. In this study, two methods were used to test the
breakdown voltage of the cable sample. The first method
was in accordance with the IEC 60243-1-1998 (“Methods of
Test for Electric Strength of Insulating Materials”) conven-
tional breakdown field strength test method. In this method,
50Hz AC voltage was applied, and the voltage increasing
speed was 500V/s [23]. The second method, referred to as
the “pre-AC voltage breakdown strength” method, tested
the breakdown field strength after application of AC voltage.
An electric field of 40 kV/mm was applied to the sample for 4
hours before the breakdown test. Then, on the basis of

40 kV/mm, with a 500V/s voltage increasing speed test, a
sample was taken of the breakdown field strength. The pre-
AC voltage breakdown strength method was used to study
the influence of the AC charge injected into the sample and
its effect on the breakdown field strength.

The data used to support the findings of this study are
included within the article.

3. Results and Analysis

3.1. Mechanical Properties

3.1.1. Elongation at the Break and Tensile Strength. Figures 6
and 7 show that elongation at the break and the tensile
strength of the aging samples at three temperatures present
a similar change rule—in all, there is first an increase and
then a decreasing trend as aging time increases. Elongation
at the break and the tensile strength both increase in the first
stage of sampling, and then they begin to decline in the sec-
ond stage. Elongation at the break and tensile strength in
the late aging stage are lower than those in the nonaged sam-
ple. As the aging temperature increases, the decreasing speed
of the elongation at the break and tensile strength rapidly
decreases. At the fifth aging stage, elongation at the break
of the aging samples decreases from 490% of the nonaged
sample to 281%, 325%, and 376% at103°C, 114°C, and
135°C, respectively. The tensile strength decreases from
20.0N/m2 of the nonaged sample to 17.7, 15.5, and
14.6N/m2, which shows that the mechanical strength
decreases significantly.

Figures 6 and 7 show that the changing rule for the elon-
gation at the break and the tensile strength has the changing
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Figure 6: Changing curve of elongation at the break with aging time at 3 temperatures.
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trend of an initial increase followed by a decrease. In the early
stage of aging, the polyethylene molecules recombine, the
network structure strengthens, and the mechanical strength
of the material is enhanced. In mid- and late aging, the chem-
ical bond of the XLPE cable fracture and the network struc-
ture is damaged, which decreases the mechanical strength
of the material.

3.2. Physicochemical Properties

3.2.1. Oxidation Induction Time.Oxidation induction time of
aging cables was tested by the OIT test, which can show the
oxidation resistance of the XLPE cable. As shown in
Figure 8, as the aging time increases, the oxidation induction
time decreases in general. In the early and middle stages of
aging, the decreasing trend is obvious. In late aging, the oxi-
dation induction time rises slightly.

In the early and middle stages of aging, there are two rea-
sons for the decreasing trend. As the aging time increases, the
antioxidants added in the manufacturing process gradually
decrease, which makes the oxidation resistance of XLPE
decrease and the oxidation induction time decrease. When
the XLPE cables are aged, the chemical bond of the cable
insulation material fractures. Macromolecular chains are
broken into small molecular chains, generating mare
branched chains and free radicals, which are easily oxidized,
so the oxidation induction time decreases. In late aging, the
antioxidants are almost completely consumed, and the anti-
oxidants have little effect on the oxidation resistance. There
are small molecular chains, which are easily recombined to
large molecular chains, and the large molecular chains are
not easily oxidized. Therefore, the oxidation resistance of
XLPE increases and the oxidation induction time rises
slightly. Oxidation induction time and elongation at the
break and tensile strength of the aging samples at three tem-

peratures present a similar change rule—there is a decreasing
trend as aging time increases. That shows when the XLPE
cables are aged, the chemical bond of the XLPE cable frac-
tures, and the network structure is damaged, which decreases
the mechanical strength and the oxidation resistance of the
material.

3.2.2. The Degree of Crystallinity. Sliced samples of aging
cables were tested by X-ray diffraction. Figures 9(a)–9(c) dis-
play the X-ray diffraction patterns at different aging stages of
samples at 103°C, 114°C, and 135°C.
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Figure 7: Changing curve of tensile strength with aging time at 3 temperatures.
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The XRD curve of the three temperatures at each aging
stage has two diffraction peaks: at around 21°, there is a peak
that corresponds to the crystal (110) plane; at around 23°, the
diffraction peak corresponds to the (200) plane. The diffrac-
tion peak position for each aging stage has no obvious
changes, which illustrates that the crystal form remains the
same. There is some displacement and there were small
changes in the interplanar spacing.

The crystallinity can be calculated from the XRD curve by
using the peak separation method [24]. We used the XRD
pattern processing software Jade5.0 and divided the fitted
peaks of the XRD curve, as shown in Figure 9. We used a for-
mula to calculate the degree of crystallinity as it changed with
temperature; its curve is shown in Figure 10.

As shown in Figure 11, at each of the three tempera-
tures, the crystallinity trend first decreases, then increases,
and then decreases again through the stages of aging,
forming an “N” shape. In the first stage, the crystallization
decreases at each of the three temperatures. At the higher
temperatures, the degree of crystallinity declines at a faster
rate. In the second aging stage, the degree of crystallinity
increases. At 103°C and 135°C, the degree of crystallinity
decreases at the third aging stage. At 114°C, the degree
of crystallinity decreases in the fourth aging stage. In the
nonaged samples, the crystallinity was 50.21% up until
the fifth aging stage. In the aged sample, the crystallinity
at103°C, 114°C, and 135°C, respectively, decreases to
50.10%, 48.14%, and 45.72%.
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Figure 9: XRD curve at different aging stages.
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In the early aging stage, the degree of crystallinity first
decreases and then increases. XLPE is made from low-
density polyethylene that is cross-linked at a high tempera-
ture. Polyethylene molecular chains cannot be completely
cross-linked because of constraints in the manufacturing
process. Most of the polyethylene molecular chains are
cross-linked to form a stable cross-linked network structure,
which produces an amorphous region. However, some of the
polyethylene molecular chains are not cross-linked—these
fill in the network voids among the cross-linked polyethyl-
ene. Low-density polyethylene (LDPE) is a semicrystalline
polymer. The crystal structure of LDPE is a laminated layer
in which a long polymer chain forms through parallel fold-
ing, and the crystal regions are surrounded by the amorphous
regions. The non-cross-linked polyethylene molecules con-

tribute to the degree of crystallinity. The recombination of
the polyethylene molecular chains plays a major role in the
first aging stage, resulting in an increase in the degree of
cross-linking and a corresponding reduction in the propor-
tion of non-cross-linked segments, and the degree of crystal-
linity decreases. In the second aging stage, the fracture of
polyethylene molecular chains plays a major role, resulting
in a decrease in the degree of cross-linking and a correspond-
ing increase in the proportion of non-cross-linked segments,
causing the degree of crystallinity to increase. In the late
aging stage, in the long-term aging effects for the high tem-
perature and high field strength sample, the crystal structure
of the crystalline regions is destroyed and integrity of the
crystalline regions declines. This leads to a decline in the
degree of crystallinity. The experimental results show that

5000

4000

3000

In
te

ns
ity

 (c
ou

nt
s)

2000

1000

0
10 15 20

1

2

3

Two-theta (deg)
25 30

Figure 10: XRD curve of the unaged sampleusingJade5.0 to divide the fitted peak. Area 1: amorphous region peak area. Area 2: 2θ = 21:660°
crystallization peak. Area 3: 2θ = 21:940° crystallization peak.

0 50 100 150 200 250 300 350

46

47

48

49

50

51

52

53

Aging time (days)

D
eg

re
e o

f c
ry

sta
lli

ni
ty

 (%
)

103°C 
114°C 
135°C 
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at higher aging temperatures, there is more serious damage to
the crystalline region, in the late aging stage.

3.2.3. Infrared Spectrum. If there are a large number of oxy-
gen molecules, such as oxidants, within the XLPE material,
the branched alkyl will have oxidation reaction under high
temperatures, generating a carbonyl group. Carbonyl
derivatives have a characteristic absorption peak at
1720 cm-1. From Figures 12(b)–12(d), we can see that at
1720 cm-1, there were obvious absorption peaks in the
aged cable samples. This suggests that a large number of
carbonyl groups were not generated at different stages of
aging at 103°C, 114°C, and 135°C. There are two reasons
for this. The 10 kV XLPE cable has joined the antioxidant
in the manufacturing process, which inhibits the oxidation
of the XLPE chain reaction. Further, the outside layer of
the XLPE cable is tightly wrapped with an insulation semi-
conductive layer, which isolates it from the air. Advanced
production technology makes the insulating material
microstructure dense, reduces the quantity of microholes,
and reduces the amount of oxygen, water, and other

impurities. All of these factors minimize the oxidation
reaction. The results of this study showed that once
the cable sample is electrically-thermally aged, there is
minimal carbonyl production and the degree of thermal
oxidation is low due to modern manufacturing
technology.

3.3. Electrical Properties

3.3.1. The Space Charge Quantity of Three Temperatures.
Space charge is closely related to aging properties of mate-
rials, and the charge quantity reflects the trap density [25].
In this experiment, we adopt a new data processing method,
the all-phase average method, which averages the charge
waveforms of 32 symmetrical phases, and the space charge
waveform obtained by the average phase averaging method
has obvious characteristics. This section uses the all-phase
average waveforms of total amount of charge under 6 h AC
pressure to reflect the aging stage of the cable. Figure 13 gives
the all-phase average waveforms of the cable at 103°C, 114°C,
and 135°C in 6h.
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Figure 12: The infrared spectrogram of aging samples at different stages.
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According to the following formula,

Q =
ð
ρ x, tð Þj jdx, ð1Þ

the total amount of space charge of each wave in Figure 13 is
calculated, and the change characteristics of the total amount
of AC space charge with aging time can be obtained.
Figure 14 depicts the curve of the all-phase average wave-
forms of the cable section at 103°C, 114°C, and 135°C under
AC pressure in 6 h.

It can be seen that the space charge quantity of three
temperatures increases with the aging time. At the begin-
ning, the amount of AC space charge decreased slightly.
From the second stage, the charge amount increased grad-
ually, and the space charge quantity at the fifth stage at
each temperature was far greater than the amount of the

charge before aging. This indicates that the number of
defects in XLPE-insulation materials decreases in the early
stage of aging and increases greatly in the middle and late
stages of aging.

After aging, the trap density of the cable insulation
increased, which improves the ability of the cable insulation
medium to capture the space charge. The OIT test can also
show that the chemical bond of the cable insulation material
fractures, so the branched chains and free radicals increase,
which increases the trap density of cable insulation. As the
aging deepened, the number of traps increased and the num-
ber of electrons remaining in the cycle wave and the amount
of charge accumulated for a long time which resulted in
increase of the ability to accumulate charge in the dielectric
strength. The accumulation of space charge caused electric
field distortion and energy transfer and release, resulting in
more traps. Therefore, the accumulation of charge and the
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Figure 13: All-phase average charge waveform of cable peelings after 6 h AC voltage application.
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increase of trap density formed a positive feedback, and AC
space charge presented a trend of gradual accumulation with
aging time.

3.3.2. Dielectric Strength. Figure 15 shows the samples at
103°C, 114°C, and 135°C using conventional methods of
breakdown field strength. The figure shows that overall, the
breakdown field strengths of the samples decrease with aging
time, with some fluctuation. The first four stages of the break-
down field strength gradually decreased at 103°C but
increased in the fifth phase. The breakdown field strength
alternatively increases and decreases at 135°C. At 114°C, the
breakdown field strength varies greatly with aging time; in
the fifth aging stage, the amplitude of the breakdown field
strength decreases slightly compared with the nonaged sam-
ple. Therefore, the conventional method of testing break-
down strength with aging time does not produce
nonmonotonic decline, and it cannot characterize the degree
of aging very well.

In addition to the conventional method to test the break-
down field strength, we also tested the breakdown field
strength after application of the AC voltage (pre-AC voltage
breakdown strength). Figure 16 shows the change curve of
the breakdown field strength change with aging time. In this
figure, it can be seen that the pre-AC voltage breakdown
strength of the sample under the three temperatures
decreases monotonically with the aging time, and the rate
of decrease is proportional to the aging temperature. This is

because the AC space charge is injected into the interior of
the material and is trapped by the defects that are generated
under electrical-thermal aging. As the aging degree deepens,
there are more trapped charges in the cable insulation. This
distorts the electric field, which leads to a decrease of the
breakdown field strength. Our study shows that the correla-
tion between the pre-AC voltage breakdown strength and
the aging time is much larger than the conventional break-
down field strength. The pre-AC voltage breakdown strength
is more suitable for use as the characteristic index for the
aging degree of cable insulation.

4. Conclusion

In this paper, 10 kV XLPE-insulated cables were aged at
26.1 kVAC voltage and at three temperatures of 103°C,
114°C, and 135°C and were tested in five aging stages for
degree of mechanical strength, X- ray diffraction, oxidation
induction time, infrared spectroscopy, space charge, and
dielectric strength. Through analysis of the results of these
experiments, the aging characteristics of XLPE cable were
obtained, which are as follows:

(1) The oxidation induction time and the mechanical
properties have the same changing trend with aging
time, which is decreasing in general. This phenome-
non can be related to the fracture of the chemical
bond of the XLPE cable and the damage of the
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Figure 14: AC space charge quantity of cable peelings in different aging times.
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network structure. When the cable is aged, the chem-
ical bond of the cable insulation material fractures.
Macromolecular chains are broken into small molec-
ular chains, generating more branched chains and
free radical increase. Therefore, mechanical strength
weakens and the oxidation time decreases

(2) The accumulation of charge and the increase of trap
density have a positive feedback, and the AC space
charge presented a trend of gradual accumulation
with aging time. After aging, the chemical bond of

the cable insulation material fractures, so the
branched chains and free radicals generate, which
increases the trap density of cable insulation

(3) The results of the infrared spectrum showed that the
aged cable sample did not contain a large amount of
carbonyl groups. This may be caused by two reasons:
firstly, antioxidants were added in cable insulation
materials during the manufacturing process, which
played a role in inhibiting the oxidation reaction; sec-
ondly, the XLPE cable insulation layer is tightly
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Figure 16: Changing curve of pre-AC voltage breakdown strength with aging time at three temperatures.
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Figure 15: Changing curve of conventional breakdown field strength with aging time under three temperatures.
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wrapped by a semiconductive layer; thus, it is isolated
from the oxygen in the air. The advanced production
technology makes the microstructure of the insulat-
ing material pure and reduces the number of micro-
pores which may provide the residence space of
impurities such as oxygen and water

(4) The breakdown field strength of the cable sample
showed a decreasing trend with aging time. In partic-
ular, the pre-AC voltage breakdown strength was
found to decrease monotonically, and the rate of
decrease was proportional to the aging temperature.
The reason is that defects generate in the cable sam-
ples under aging and capture the space charge in
the AC voltage application process which distorts
the electric field, so the breakdown strength obvi-
ously decreased. Therefore, the pre-AC voltage
breakdown strength can be a characteristic index to
reflect the degradation degree of cable insulation
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