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ABSTRACT The Joule heat produced by the current in conductor decreases in the radial direction, producing
a temperature gradient in the insulation. This existing temperature gradient can affect the electrical tree
phenomenon in insulation materials because of the temperature dependence of insulation material, charge
migration and tree growth. Different temperature gradients were obtained by controlling the temperature
of high voltage (HV) and ground electrode (GD) sides. The electrical tree was recorded by a microscope,
while the partial discharge (PD) was observed simultaneously. For better understanding the effects of the
temperature gradient on electrical tree inception, the trap distribution in silicone rubber (SIR) with different
temperature was analyzed by isothermal discharge current (IDC) method. With the fixed temperature in
HV or GD side, it was found that the electrical tree inception voltage decreased linearly with increasing
temperature in either side. The IDC results indicate that the increasing temperature contributes to the
de-trapping of charges and lowers the inception voltage. Besides, the electrical tree length and accumulated
damage gradually increase with the temperature gradient. The observed PD amplitude and quantity also
increase with the temperature gradient, which facilitates the growth of electrical trees. These results indicate
that the tree growth is promoted with an increase in the temperature gradient of the cable insulation, posing
a threat to the safety of the cable system.

INDEX TERMS AC plastic cable, cable accessories, silicone rubber, electrical tree, temperature gradient,
tree inception, growth characteristics, partial discharge.

I. INTRODUCTION
Cable accessories are the weak points in cable operation
because of the nonuniform electric field distribution caused
by their multilayer insulation structure [1], [2]. Silicone rub-
ber (SIR) is widely used in themain insulation of high-voltage
AC cable accessories [3]–[6]. The temperature gradient is
formed by Joule heating due to the inner current during the
cable operation, which will change the electrical properties
of SIR in the radial direction [7]–[9].

Electrical tree, which refers to the local breakdown caused
by the local electric field concentration and the dendritic
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destruction channels generated by this field, is an insulating
aging phenomenon in polymers and has been found to be an
important factor for the aging of cable accessories [10]–[15].
It is known that the temperature will affect both the electrical
tree inception and growth processes [16]–[20]. The electrical
tree inception is related to the electron injection-extraction
process and charge transport [21], [22], and the growth
characteristics are determined by partial discharge (PD) and
space charge accumulation [23], [24]. The charge behavior
of insulation makes the distortion of the electric field inside
cable accessories more severe, readily leading to insulation
degradation [17], [23], [25].

To date, it has been found that temperature affects the
electrical tree inception. In [26], the average tree inception
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voltage was found to decrease exponentially with increased
temperature, changing by 42%. Single-branch trees and
multiple-branch trees were observed. The probability of the
generation ofmultiple-branch trees decreasedwith increasing
temperature. In [27], a relationship between the electrical tree
growth process and PD was found. Different tree structures
and growth stages are associated with different PD char-
acteristics. In [28], the behavior of space charge under a
temperature gradient was studied. It was found that different
temperature conditions applied to the electrodes have a strong
effect on distribution of space charge. However, the effects of
charge transport in the presence of a temperature gradient on
electrical tree growth and PD characteristics have only rarely
been investigated.

In this paper, inception characteristics, morphology and
accumulated damage of the electrical tree were analyzed
under the combination of an AC voltage and a temperature
gradient. The trap distribution was tested at different temper-
atures. The relationship between the electrical tree inception
and charge transport process was discussed. A PD detector
was employed to record the PD characteristics during the
electrical tree growth process. The effects of the temperature
gradient on PD characteristics were discussed based on the
experimental results.

II. EXPERIMENTAL SETUP
A. SAMPLE PREPARATION
The SIR used in this experiment was a high-temperature-
vulcanized (HTV) SIR. The raw material in the preparation
of SIR samples was 110-2 raw rubber. Raw rubber and mass
fraction of 1% vulcanizing agent were evenly mixed. The
mixed raw rubber was placed in a 3 mm thick mold of a
hot press vulcanizing machine. The vulcanization process
at a temperature of 170 ◦C and a pressure of 20 MPa was
carried out for 15 min. After the sample was cooled to room
temperature, it was taken out and cut into a square sample
with the dimension of 15 mm × 15 mm. A steel needle
with a tip radius of 3 µm was inserted into the center of
the SIR sample, and the needle tip was placed 2 mm away
from the bottom surface. The prepared samples were placed
in a thermal box for secondary vulcanization carried out at
0.1 MPa and 165 ◦C for 24 hours.

B. EXPERIMENTAL SETUP
The experimental setup consists of the following four parts:
an electrical tree observation system, a PD acquisition sys-
tem, a temperature controller and a high voltage AC source.
The experimental setup is shown in Figure 1. The SIR sample
was placed between the needle-plate electrodes. The needle
electrode was used to apply an AC voltage, and the plate
electrode was the ground electrode. The ground electrode
was in close contact with the bottom surface of the sample.
The temperature controller includes a temperature gradient
control system and heating unit. The heating tapes of the
heating unit were placed on the needle electrode and the

FIGURE 1. Experimental setup for electrical tree of SIR with the 1T .

ground electrode. To collect the image of the electrical tree
growth process, the heating tape at the needle electrode side
was placed 1 mm above the tip of the needle. The temperature
controller (XY-WT01) has a temperature control range of -
50 to 110 ◦C and the error range of ±0.1 ◦C. It can maintain
a constant temperature at the preset value. If the heating tapes
temperature exceed the preset value, the cooling system in
the temperature gradient control system will quickly cool the
heating tapes. We call the heating tape temperature near the
needle tip as the high-voltage-side temperature, and the heat-
ing tape temperature of the ground electrode as the ground-
side temperature. To ensure the accuracy of the experimental
temperature, the samples were preheated for 10 min prior
to each experiment. The high-voltage-side temperature was
fixed to 30, 60 and 90 ◦C. At each high-voltage-side temper-
ature, the ground-side temperature was changed in the steps
of 10 ◦C in the range of 30-90 ◦C to form the temperature
gradient. In addition, the ground-side temperature was fixed
to 30, 60 and 90 ◦C, and the high- voltage-side was varied in
the same way within the range of 30-90 ◦C. Table 1 shows
the conditions of the fixed high-voltage-side temperature and
changing ground side temperature used in the experiments.
The method of fixing the ground-side temperature and chang-
ing the high-voltage-side temperature is as mentioned above.
To reduce the experimental error, 20 samples were tested for
each temperature gradient.

The typical electrical treeing experiment and PD mea-
surement were carried out simultaneously. A high-frequency
current transformer (HFCT)was installed on the ground cable
to detect the PD signals. A PD detection system (Techimp
PDCheck) was employed to record the PD signals detected
by HFCT. The PD test setup diagram and more details can be
found in [25]. The AC voltage has an amplitude of 10 kV and
a frequency of 50 Hz.
1T refers to the temperature gradient, and its value

was recorded as the temperature difference between the
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TABLE 1. Electrical tree test groups in experiment.

high-voltage side and the ground side, as given by:

1T = THV − TGD (1)

where THV is the temperature of the high-voltage side and
TGD is the temperature of the ground side. When 1T is
greater than zero, it is referred to as positive 1T . When 1T
is less than zero, it is referred to as negative 1T . The sym-
bol ‘‘HV’’ represents the high-voltage electrode, and ‘‘GD’’
represents the ground electrode.

III. RESULTS AND DISCUSSION
A. FIXED TEMPERATURE IN HV SIDE
In this experiment, the tree inception voltages were measured
with the constant voltage rising speed, and the rate of the
voltage increase was 0.5 kV/ 30 s, the same as our previous
works [14]. The voltage increase speed will affect the exper-
imental results in each experiment. The method to reduce the
error of experimental results is to keep the same voltage rising
speed. The voltage at the timewhen the length of the electrical
tree was observed to reach 20µmwas recorded. To reduce the
experimental error, 20 groups were recorded, and the average
electrical tree inception voltage was calculated under a 1T .
The results are shown in Figure 2, and it is observed that
the tree inception voltage decreases linearly as the GD side
temperature increases at each HV side temperature. At the
same GD side temperature, a higher HV side temperature
shows a lower inception voltage. A partial temperature rise
will make the insulation more vulnerable to damage and
trigger an electrical tree.

The electrical tree structures found in these experiments
mainly include the branch tree, bush-branch tree and bush
tree. In this work, the tree structure at 5 min was analyzed,
where the AC voltage has an amplitude of 10 kV and a
frequency of 50 Hz, as shown in Figure 3. At 10, the black

FIGURE 2. Relationship between the tree inception voltage and the 1T .

tree channels increase with an increase in the temperature,
and the tree structure changes from the sparse branch tree to
the bush-branch tree, as shown in Figure 3a1 to 3b1. At the
HV side temperature of 30 ◦C, as shown in Figure 3a, the elec-
trical tree structure is that of a sparse branch tree at 10.
With the increase in 1 T, the tree structure changes from the
sparse branch tree to bush-branch tree. Under negative 1T,
these trees exhibit an arc-like outline, as shown in Figure 3a3.
At the HV side temperature of 60 ◦C, as shown in Figure 3b,
with the increase in 1T, the black areas of electrical trees
increase. Furthermore, the electrical tree has more black
channels under the positive 1T than the negative 1T. At
the HV side temperature of 90 ◦C, as shown in Figure 3c.
When the 1T increases, the electrical tree structures are all
bush-branch tree, and the channels of the tree branch become
denser. The electrical tree length grows considerably more in
the longitudinal direction than in the lateral direction, and the
tree structure outline tends to become triangular. As shown
in Figure 3c3, under positive 1T, the triangular outline of
these trees can be observed at large 1T.

Figure 4 shows the tree length for 30 min. The tree length
is defined as the longest distance from the needle tip to the
tree tip in the vertical direction. With an increase in 1T ,
the tree length gradually increases. When the HV side is
30 ◦C, as the1T increases, the length rises to approximately
27%. When the HV side is 90 ◦C, the tree length rises to
approximately 59%, and the tree length variation achieves
the largest range as the 1T increases. The results show that
the partial temperature rise in the inner insulation is likely to
accelerate the growth of electrical trees.

In the research on electrical tree, the accumulated dam-
age (AD) is usually employed to analyze the destroyed area
caused by tree, which is usually calculated by summing the
pixel number in the tree area. The obtained results for the
accumulated damage after 30 min are shown in Figure 5.
At the HV side temperature of 30, 60 and 90 ◦C, the accu-
mulated damage increases monotonically with an increase
in 1T . At the HV side temperature of 30 ◦C, it is observed
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FIGURE 3. Typical tree structure with the 1T for 5 min.

FIGURE 4. Relationship between the tree length and the 1T .

from Figures 3 and 4 that the tree structure and tree length
change significantly with the increase in 1T . As a result,
the largest values of accumulated damage are obtained,
as shown in Figure 5. Based on the experimental results,
it was found that when the HV side is 90 ◦C, the accumulated
damage variation was less than that when the HV side is
30 ◦C. At the HV side temperature of 90 ◦C, the electrical
tree structure does not change notably with increasing 1T ,
and themain reason for the accumulated damage increase was
the electrical tree length. The difference in the magnitude of
the accumulated damage is the result of the different degrees
of influence on the tree length and structure. Accumulated
damage is the result of the changing electrical tree length
and structure. Although both the tree length and accumulated
damage increase with1T , the shortest tree length in Figure 4
was obtained at the HV side temperature of 90 ◦C and 10.

FIGURE 5. Relationship between the accumulated damage and the 1T.

By contrast, the lowest accumulated damage in Figure 5 was
obtained at the HV side temperature of 30 ◦C and 10. When
SIR is at a higher temperature, the tree structure is denser, and
the structure makes the charges distribution more dispersed
in a large number of channels. The electric field formed by
the dispersed charges is uniform. The electrical tree length is
limited, and accumulated damage only occurs in a spherical
area under the uniform electric field.

B. FIXED TEMPERATURE IN GD SIDE
Figure 6 shows the tree inception voltages obtained under a
fixed temperature in the GD side and changing temperature
in the high-voltage side. The method for calculating the tree
voltage is the same as described above. As the high-voltage-
side temperature increases, the tree inception voltages show
a downward trend. Compared with Figure 2, it is found
that the distance between the tree inception voltage curves
in Figure 6 is large, and the three curves in Figure 6 are steep.

FIGURE 6. Relationship between the tree inception voltage and the 1T .
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FIGURE 7. Typical tree structure with the 1T for 5 min.

This result shows that the change of the GD side temperature
has a strong effect on the tree inception voltage.

Figure 7 shows the typical tree structures with 1T for
5 min. For the GD side temperature of 30 ◦C, the branch
and bush-branch trees are observed in Figure 7a, where the
branch tree is at 10. With an increase in 1T , the electrical
tree channels tend to be darker. The outline of these tree tends
to become triangular. The tree outline in Figure 3a3 is the
opposite of that in Figure 7a3. For the GD side temperature
of 60 ◦C, the color of the electrical tree channels deepened
with increased 1T . For the GD side temperature of 90 ◦C,
it is observed in Figure 7c that the trees are dark and are found
in a bush-branch structure. The outline of these trees tends
to be arc with an increase in 1T , as shown by the red line
in Figure 7c3. The temperature rise of the GD side makes the
tree outline tend to become arc-like. The temperature rise of
the HV side makes the tree outline tend to become triangular.

Figure 8 shows the relationship between the tree length and
1T under a fixed temperature in the GD side for 30 min.
With an increase in 1T , the tree length gradually increases.
The electrical tree length is longer under positive 1T . This
trend is approximately the same as that shown in Figure 4.
An examination of Figure 4 shows that for the HV side
temperature of 90 ◦C, the curve rises from the lowest point to
the highest point as the 1T increases. By contrast, as shown
in Figure 8, for the GD side temperature of 90 ◦C, the highest
point is not on this curve. This finding indicates that with
the temperature rise of the GD side, a certain limit on the
tree length is reached. This phenomenon may be due to the
arc shape of the tree outline near the GD side. Of the two
observed outlines, namely, triangle and arc, the former is
more likely to cause the charges to concentrate at the tip of

FIGURE 8. Relationship between the tree length and the 1T .

FIGURE 9. Relationship between the accumulated damage and the 1T.

the electrical tree. The arc tree outline makes the electric field
at the tip of the electrical tree more uniform. Nonuniform
electric field causes by charge accumulation, which promotes
electrical tree growth. The length of the electrical tree is an
important parameter for the appearance of insulation damage.
When the electrical tree is long enough, it will give rise to an
insulation breakdown. The results show that the temperature
rise in the inner insulation is likely to pose a risk of insulation
degradation and failure.

The results for accumulated damage after 30min are shown
in Figure 9. At the GD side temperatures of 30, 60 and 90 ◦C,
the accumulated damage increases monotonically with rising
1T . The accumulated damage curve is steep at the GD side
temperature of 30 ◦C. The curve changes gently at the GD
side temperatures of 60 and 90 ◦C. Compared with Figure 5,
for the GD or HV side temperatures of 30 ◦C, the variation
range is large. For the GD or HV side temperatures of 90 ◦C,
the curve changes gently. The tree structure and accumulated
damage depend on the highest temperature of the electrode
such that if the highest temperature is constant, the tree
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structure and accumulated damage do not change much with
increasing 1T .

C. TRAP DISTRIBUTION
The isothermal discharge current (IDC) is a method for study-
ing the trap energy level and the trap density distribution
in the insulation by measuring the change in the discharge
current. The HTV SIR raw materials and preparation method
are the same as the Section 2.1 for the IDC test samples,
where the thickness of the sample is 300 µm. The IDC test
setup diagram and more details can be found in [29]–[31].
The working principle of the experiment is to polarize the
insulation at a constant temperature by injecting charges into
the volume and forming space charges. The trap distribu-
tion characteristic is obtained by measuring the external cur-
rent in the charge detrapping process when the insulation is
depolarized [32]. Based on this method, the trap distribution
characteristics at 30, 50, 70 and 90 ◦C were tested. The
trap density and energy levels in the polymer are important
parameters for the injection-extraction process and the space
charge accumulation.

The relationship between the trap density and energy level
is described in detail in [33]–[35] and is given by

Nt (E)
Et
=

I
eLSKBT

2t KBT ln(νt)
(2)

where Nt(E) is the trap density in eV−1m−3, Et is the trap
energy in eV, I is the external current, e is the elementary
charge in C, L is the sample thickness in m, S is the electrode
area in m2,KB is the Boltzmann constant, T is the temper-
ature in K, t is the time in s, and v is the escape attempt
frequency in s−1. It should be noted that v can be expressed
by the equation:

ν =
KBT
h

(3)

where h is the Planck constant in J·s.
Figure 10 shows the trap distribution of the ambient tem-

perature measured by the IDC method under the negative
DC voltage. It is observed that there are two distinct peaks
in the trap energy distribution at each temperature. The trap
distribution can be regarded as a combination of two curves
representing the distributions of shallow traps and deep traps,
respectively. The ordinate axis represents the trap density,
and the abscissa axis represents the trap energy level. It is
generally believed that the trap density is determined by the
material. In the same sample, the difference in shallow traps
is mainly related to the time of the switching action during the
experiment because it is determined by the beginning part of
data. As the temperature increases, the central energy level
of the deep trap distribution keeps rising. High temperature
enables the electrons to detrap with a high thermal kinetic
energy. This shows that high temperature causes electrons to
escape from the trap with high energy levels. These detrapped
electrons contribute to the current in the external circuit.

FIGURE 10. Trap distribution at ambient temperature measured by the
IDC method.

The charge behavior and SIR material property under the
1T influenced by trap distribution are associatedwith the tree
inception voltages. A discharge may occur in the low-density
region and generate an initial electrical tree channel when
the low-density region is sufficiently large. The fracture of
the SIR molecular chains will create low density regions.
Hence, the breaking of the SIR molecular chains is the key
for triggering the electrical tree. The electrons in the traps can
easily obtain energy due to thermal stimulation [36]. These
electrons escape from the trap and become hot electrons. The
high temperature will trigger more hot electrons, causing the
SIR molecular chains to break [37]. The high number of
hot electrons produced by thermal stimulation is the main
reason for the decrease of the tree inception voltage as the GD
temperature rises with each HV side temperature, as shown
in Figure 2. The increasing number of injected charges is
one of the reasons for the lower tree inception voltage as the
HV temperature rises, as shown in Figure 6. The injection
current occurring in the interface between the high-voltage
electrode and the SIR sample can be obtained by the Schottky
formula [37], [38]. The increase in the HV side temperature
leads to a decrease in the Schottky barrier and increases the
injected charge.

From the perspective of material properties, the SIR mate-
rial absorbs heat in the temperature range of 30-90 ◦C, and
the thermal motion of the SIR molecular chains gradually
increases with increasing temperature. The rising temper-
ature causes greater partial relaxation of the SIR molecu-
lar chains [37], [39]. The increase in the carrier mobility
increases the probability of breaking the relaxed SIR molec-
ular chains. Therefore, the tree inception voltages drop with
the increase in either the HV or the GD side temperature. The
larger interval of the three curves in Figure 6 and the three
steep curves in Figure 2 indicates that the hot electrons have
a stronger effect on the inception voltage.
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FIGURE 11. PRPD under 1T at 5 min.

D. PD CHARACTERISTICS
The PD inside the tube is one of the main accelerating factors
of tree growth [40]. The PD in the tree channels can be
caused by the space charge accumulation in the tube [41] and
SIR near the tube. The space charge accumulation generates
an electric field, leading to a partial breakdown, and a tree
channel will be generated when the local field reaches a cer-
tain level. To analyze the PD characteristics, phase resolved
partial discharge (PRPD) and PD quantity measurements at
5 min after the voltage application were employed here.

The PRPD spectrum of the discharge amplitude of the nine
kinds of PD signals obtained in the experiment is shown
in Figure 11. With an increase in 1T , the PD amplitude
gradually increases. For the HV side temperature of 30 ◦C,
the PD amplitude is high, and a low number of discharges are
observed. For the HV side temperature of 60 ◦C, PD center is
found to be dispersed, and the position of the PD center does
not change significantly with an increase in 1T . For the HV
side temperature of 90 ◦C, the discharge amplitude is lower
than that for the HV side temperatures of 30 and 60 ◦C.
PD quantity was obtained under the 1T . The PD quantity

is normalized based on their peak quantity prior to analysis.
The results are shown in Figure 12, and it is observed that
with an increase in 1T , the PD quantity gradually increases.
Considering these results together with the growth charac-
teristics of electrical trees, it is concluded that PD quantity
corresponds to the length and cumulative damage of trees.

Space charges will be injected into SIR following the
Schottky-Richardson injection [41], [42]. The increase in the
temperature is also likely to enhance the charge accumulation
at the tree tips [43]. In addition, the increase in mobility
is more pronounced at higher temperatures [36]. Under the
positive 1T , the temperature near needle tip is high. Hence,
the space charges will be easily injected in SIR near the tip.
This phenomenon promotes electrical tree growth. However,

FIGURE 12. Relationship between the discharge quantity and the 1T .

under the negative 1T , the temperature far from the needle
tip is high, and the charge is more likely to escape from the
trap and be scattered on the inner wall of the electrical tree
channels. In addition, scattered electrical tree channels are
easily generated by the relaxation of the SIRmolecular chain.
Hence, the temperature rise of the HV side makes the tree
outline tend to become triangular. The temperature increase
of the GD side leads to the tree outline tending to become
arc-like.

The local field at the tree boundary is more dependent upon
the space charge and its arrangement [43]. The temperature
affects the carrier mobility [36]. It is speculated that the space
charge accumulation is the result of carrier transport, where
the temperature affects the carrier transport and changes the
space charge arrangement in electrical tree channels. Elec-
trons are injected from the needle tip, and when the HV
side is under high temperature, the injected charges move
more quickly and disperse more widely in the tube to form
space charge accumulation. Space charge accumulation will
give rise to the PD [5], [44]. For the HV side temperature
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of 90 ◦C, the lower discharge amplitude and the larger number
of discharges will produce more tiny channels, giving rise
to the dense bush-branch electrical tree structure, as shown
in Figure 3. For the HV side temperature of 30 ◦C, the low
temperature slows the thermal motion of the charges, leading
to greater space charge accumulation in the electrical tree
channels and higher discharge amplitude. Therefore, the PD
amplitude for the HV side temperature of 90 ◦C is lower
than the HV side temperature of 30 ◦C. These values reveal
that space charge accumulation and charge distribution are
affected by the1T . A partial black area is appeared at 60 ◦C
and10 in Figure 3, compared with the electrical tree at 30 ◦C
and 10. A more intense PD may occur in this black area,
so the PD amplitude increases. At the HV side temperature
of 90 ◦C, the dispersed space charges are the reason for the
reduction of the PD amplitude. With temperature gradient,
distribution of space charges around the tree channel tip and
migration of space charges will be different and influence the
tree structure.

The temperature promotes charges acceleration in the
high-temperature region and slows their movement in the
low-temperature region. Under positive 1T , the HV side
temperature is higher than the GD side temperature. The
electrons with high energy are injected by the needle tip,
and the high temperature leads the electrons to move fur-
ther away from the tip. In addition, the high temperature
enhances the Schottky injection and increases carriermobility
at the interface between the needle tip and the SIR mate-
rial. When the charges move to a position away from the
needle tip, the temperature also gradually decreases, and the
charge motion slows down to form charge accumulation.
The local electric field produced by charge accumulation
will trigger the PD and accelerate tree growth. A larger 1T
will give rise to the formation of a more intense PD. The
tree length and accumulated damage are increased. Under
the negative 1T , the GD side temperature is high. The tree
length growth is mainly affected by the relaxation of the
SIR molecular chains and the accelerated charges near the
GD side. The thermal motion of the SIR molecular chains
makes them easier for them to be broken with the increase
in the GD side temperature. On the other hand, the electrons
near the ground electrode will accelerate, and the accelerated
electrons are more likely to break the SIR molecular chain,
forming a low-density region. A discharge may occur in this
low-density region. Therefore, the length and accumulated
damage of the electrical tree increase under the positive and
negative1T . This effect explains the increase in PD quantity
and amplitude with an increase in 1T . Higher temperature
always has the effect of chain relaxation and carrier accel-
eration in SIR. However, Schottky injection enhancement
near needle tip may cause a slightly larger accumulated dam-
age under positive 1T . Hence, higher accumulated dam-
age occurs with positive 1T . Under 1T , carrier mobility
increased with the partial temperature, making an important
contribution to the increasing tree length and accumulated
damage.

IV. CONCLUSION
In this paper, inception characteristics, morphology and accu-
mulated damage of electrical trees were analyzed under the
combination of an AC voltage and a1T . The trap distribution
was tested at different temperatures. The relationship between
electrical tree inception and the charge transport process was
discussed. PD detector was employed to record the PD char-
acteristics during the electrical tree growth process. The PD
characteristics affected by 1T were discussed based on the
experimental results. The main conclusions are as follows:

1) The tree inception voltage linearly decreases as the GD
side temperature increases at each HV side temperature, and
the inception voltage decreases linearly with the increasing
HV side temperature. The charge behavior and SIR material
property under the1T influenced by the trap distribution are
associated with the tree inception voltages. A partial tempera-
ture increase will make the insulation more susceptible to the
damaged and trigger the appearance of electrical trees.

2) The temperature rise of the GD side makes the tree
outline tend to become arc-like. The temperature rise of the
HV side makes the tree outline tend to become triangular. The
charge kinetic properties and distribution of space charges
around the tree channel tip influenced by temperature may
be the main reasons for the change of tree structure.

3) The tree length and accumulated damage gradually
increase with1T . Under1T , carrier mobility increases with
the partial temperature, making an important contribution
to the increasing tree length and accumulated damage. The
increase in 1T leads to serious deterioration of insulation.

4) The PD amplitude and quantity increase with 1T.
PD quantity corresponds to the tree length and accumulated
damage. With an increase in the 1T, the tree growth dete-
riorates severely, and it was accompanied by intensive PD
activity.
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