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Abstract: It is known that the failure of cable terminations causes power outages and impairs system
quality and continuity. Besides, serious economic losses on both the distribution and consumer sides
occur. In this study, the dielectric behavior of the cable and the faults caused by the defects in the
cable termination under overvoltage has been examined. As test samples, 12 kV XLPE insulated cable
is used and they were aged at three (3*Up) and five (5*Uy) times the rated voltage. After each aging
cycle, dielectric parameters of the cable were measured by an OMIRCRON CPC100/CPTD1 device,
and the partial discharge (PD) was measured by an OMICRON MPD600 device. In the measurements,
it was observed that the cable was broken down at different aging cycle numbers as a result of defects
in the cable termination due to weak workmanship. As a result of the measurements, it is concluded
that defects in the cable termination give information about the increase in the probability of failure
and the decrease of the cable lifetime. Consequently, it is concluded that fine workmanship and
timely maintenance of cable terminations prevent the system from unwanted power outages and
economic losses.

Keywords: aging; cable termination; dissipation factor; partial discharge; XLPE cable

1. Introduction

Considering the devices and equipment used in medium voltage (MV) distribution systems,
power cables are one of the most basic elements and form the main structure of the electrical network
for providing energy transmission; they carry energy, their investments are expensive, and if they
fail, energy cuts, deterioration of power quality and continuity, and serious economic losses arise on
both the distribution and the consumer side [1,2]. For this reason, it is of great importance that MV
cables are operated reliably/without fail during their operation which provides a longer lifetime. To
achieve this, dielectric diagnostic tests must be performed on cable components at certain periods [3].
The main purpose of these tests is to determine the effects of nominal operating conditions and the
stresses caused by overvoltage and impulse voltage on the cable and cable termination.

In recent years, studies using various aging techniques have been carried out to investigate the
electrical effects that underground cables can be exposed to. These aging techniques can be summarized
as overvoltage, a voltage level higher than the rated voltage of the cable, switching/lightning
impulse voltages, and finally thermal aging by exposing the insulating material of the cable to
high temperatures [4,5]. In aging procedures of using overvoltage, three and four times the rated
voltage (Uy) is applied to the cable and partial discharge (PD) and dissipation factor (tand) diagnostic
methods are used; negative results have been reported [6,7]. The 2*Uj overvoltage and thermal aging
methods have been used in studies for comparing multiple aging methods [8,9]. Publications that prove
the sensitivity of PD measurement in the impulse voltage and aging process and evaluate the results
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with the help of life calculations have also taken place in the literature [10,11]. Additionally, aging
processes have been performed on different insulation materials and the insulation materials have
been classified by using PD measurement results [12]. There are also studies performed in which life
estimations are made by examining PD measurements. Knenicky et al. stated that due to termination
in the cable samples, life prediction is quite difficult and can give misleading results [13]. In a study
conducted by Eigner and Rethmeier in 2016, the authors discussed the issue that more sensitive PD
measurements can be made to detect the installation errors in the cable accessories and the faults. It is
stated that PD measurement gives information about the assembly quality [14]. Xu et al. investigated
the effect of defects on PD in the cable that may result during cable termination assembly. In the study,
a 50-kV amplitude switching pulse (250/2500 ps) is applied to the cable samples and hazards arising
from different assembly defects that may arise during operation have been demonstrated [15]. In the
study by Wu et al., PD measurements on an XLPE insulated test samples were carried out to examine
the dielectric behavior of cable joints for transient impulse. As a result, it was stated that defects
occurring during assembly change PD formation [16]. Ghaderi et al. also measured the tand by heating
the cable joints and examined the dielectric behavior of the cable joints. By comparing with the values
obtained from the manufacturer, he stated that the cable joint is adversely affected by the temperature
and possible assembly errors can lead to bad results [17,18].

In this study, dielectric behavior of the cable and the faults caused by the defects that may occur
in the termination of the cable under overvoltage has been examined. Four test samples (12/20.8-kV
XLPE insulated cable) were used and were aged with overvoltage using three times (3*Uj) and five
times (5*Uy) the rated voltage in the Yildiz Technical University High Voltage Laboratory. Aging
processes were carried out by applying overvoltage to the cable insulation at 15 minutes intervals.
After each aging process, dielectric parameters of the cable (dissipation factor (tand), dielectric losses
(Py), and dielectric constant (¢)) were measured with the OMIRCRON CPC100/CPTD1 device and
partial discharge (PD) was measured with the OMICRON MPD600 device. The results obtained are
presented by analyzing the dielectric characteristic of the cable by applying overvoltage. In addition,
the effects of workmanship errors for cable termination on measurements are stated. According to the
measurement results, it was observed that the failure probability of the cable system increased due to
overvoltage rises and also cable lifetime was shortened. Examining the results obtained in detail is
quite beneficial in terms of dielectric performance and will contribute to preventing energy cuts and
economic losses.

2. Typical Installation and Assembly Defects of Cable Terminations

In the distribution system, during the transportation or assembly of the underground cable,
unwanted defects and deteriorations may occur in the cable, cable ends, and joints which can lead to
serious failures. The way the fault occurred may vary depending on system voltage and quality of
cable termination workmanship during installation. The characteristics of the workmanship error can
play an active role in determining the initial conditions for failure in cable terminations and joints. As a
result, the electric field distribution within the cable insulation becomes non-uniform. Non-uniform
electric field distribution leads to an increase in PDs and the insulation properties of the material
deteriorate in a shorter time [19].

2.1. Installation of Cable Terminations

In cable systems, cable termination installation is of great importance for steady operation. It is
necessary to prevent possible errors that may happen during installation in order to ensure system
reliability. Figure 1 shows a standard cable termination. Examining the details and assembly steps in
cable termination will help to understand this situation.
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Figure 1. Parts of cable termination [20].

During the termination assembly, the outer sheath of the cable should be properly stripped,
the shield of the cable should be folded so as not to form a sharp edge and the sealant should be
mounted in a way to form a homogeneous structure. The most important element of the termination
assembly defects is the semiconductor sheath on the insulator surface. In addition, the factors determine
the quality of workmanship by installing the stress control tube in the proper position and correcting
the thermal shrinkage. Sealant should be used so that there is no gap between the edge of the cable
lug and the cable insulator. Finally, the heat shrinkage process of the outer sheath should be done
at a distance that will not damage the sheath and without leaving foreign matter on the surface by
wrapping the cable insulator completely. The termination assembly must be completed perfectly by
adding an appropriate number of sheds to the voltage [20].

2.2. Assembly Defects of Cable Terminations

In order for the termination assembly to be accepted as flawless, many process steps should
be performed properly. The slightest error at any stage can cause the termination assembly to be
defective and lead to non-uniform electric field distribution. Possible defects that may occur in the
cable termination are shown in Figure 2.

While the outer sheath of the cable is being removed during the termination assembly, a mechanical
deformation (cut, scratch, crush, etc.) may occur on the insulator surface resulting in the deterioration
in equipotential distribution and increase in electrical stress. The rough surface may also occur during
the stripping of the semiconductor sheath. The voids and notches on the insulation surface due to
improper application cause the electric field distribution to increase. In addition, semiconductor sheath
pieces remaining on the insulator surface may constitute weak points and cause incorrect measurement
results. At the end of the stripping process, the misapplication of the stress relief material between the
semiconductor and insulation surface will trigger other faults such as PD and breakdown. The stress
control tube will lose its electrical properties due to overheating and becomes one of the weakest points.
The most important defect that can occur in the cable lug and cable shield assembly is the incorrect
positioning of the lug or shield causing sharp edges. The jagged edges may cause PD resulting in other
cable terminations to be heated, which will adversely affect operating conditions.
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Figure 2. Defects of cable termination [20].

It is known that most of the failures occurring in distribution systems are related to cable
terminations and joints. Cable termination and joint failures generally take place due to poor
workmanship during installation and assembly. Poor workmanship disrupts the electric field
distribution in the cable termination and causes high electric field formation. It leads to increased PDs
in the voids and the material properties deteriorate rapidly. While some workmanship errors cause
failures during acceptance tests, others lead to failures in the operation of the cable [19,20].

3. Theoretical Background

Underground cables used in energy distribution systems deteriorate due to high electrical and
mechanical stresses during the operation. There are many dielectric diagnostic methods to determine
the effects of these voltages on the cable insulation. The most important one of these methods is the
tand and PD measurements.

3.1. Dissipation Factor (tand)

Dielectric materials are used in electrical equipment for insulation purposes. When a voltage
is applied, a potential difference to earth is created and an electric field originates in the insulation
material (dielectric). Due to the potential difference, a capacitive current flows through the dielectric
material [21]. This current will cause a loss in the dielectric material. In an ideal dielectric material,
this loss corresponds to reactive power, while in the actual dielectric material it corresponds to reactive
and active power. Active power loss, which manifests itself in the form of heat, is called dielectric loss
as seen in Figure 3 [22].

Here, C represents the capacity of the dielectric material, and R represents the dielectric losses in
the insulation material. Accordingly, the current passing through the dielectric material has active (Ig)
and reactive (Ic) components. In other words, tand expresses the ratio of the losses in the dielectric
material. The tand is calculated by dividing the active component of the current drawn by the reactive
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component. The analytical methods for calculating the tand and Py for a parallel equivalent circuit
model are stated in Equations (1) and (2) [22].
IR N U/R 1

—_ — = —_ 1
== e T wRC @

Py = w-CU%tans 2)

In the above equations, C is the capacitance (F), R is the resistance ((2), U is the voltage (V), w is
the angular frequency (rad/s) and f is the frequency (Hz).
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Figure 3. Phasor diagrams of dielectric material: (a) parallel and (b) series.

3.2. Partial Discharge (PD)

According to the IEC standard, PD is referred to as “one type of electric discharge that does
not completely bridge the insulation between electrodes” [23]. Although PD can be literally used to
describe the discharges in all environments, its usage in the solid or liquid dielectrics is generally
restrained to those occurring in voids or cavities.

The voids are either filled with gas or liquid that mostly occur during the cross-linking
and extruding process. A parallel-capacitor model can help to explain the initiation of PD. The
equivalent circuit is used to evaluate the fundamental quantities related to a PD pulse is shown in
Figure 4 [24]. This circuit consists of two electrodes, A and B, and a cavity separated by solid or liquid
dielectric materials.
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/ ) «

£

lb('h,

B

Figure 4. Equivalent circuit of PD [24].
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Cp, and Cy,; are capacitances in the solid insulation area in series with the void, Cy represents the
void while C, and C,; are the remaining capacitances of the dielectric. In the below Equations (3) and
(4), d is the separation of electrodes (m), Dy is the width of the void (m), ¢ relative permittivity, E, is
the electrical field strength (V/m), and Ey}, is the breakdown strength of the gas in the void (V/m).

Py = w-CU%tans 3)

Va

YLD

)

The electrical field strength across the void (Ey) equals:

d
D1+ (g -1))

It can be noted that electrical stress inside the void is larger than the immediate insulation since
Dy << d and ¢, is greater than 1 in most cases. This makes the gas within the cavity responsible for the
breakdown when the usual operating conditions are not adequate [25].

It is noted that the voltage across the dielectric material at which discharge action will start within
the void (V) is given in Equation (6).

E,=E

©)

1/d
Vo = Evb-Dx-(l + Z(D_X - 1)) ©)

4. Experimental Setup

In the measurements, medium voltage cables (1 x 25 mm?—12/20.8 kV NA2XSY) were used. They
were in the form of a stranded aluminum conductor, inner semiconductor, XLPE insulation, outer
semiconductor, semiconductor tape, copper screen, polyester tape, and PVC outer sheath.

Before tests, to prevent partial and surface discharges and to regulate electric field distribution,
cable termination was fitted. For assembling cable terminations, cable samples were cut to 5 m long
and then both ends were prepared as shown in Figure 5.

(b)

Figure 5. Preparation of cable samples: (a) stripping of the semiconductor layer and (b) measured

cable sample.

In order to investigate the effects of aging in cables and cable terminations, an overvoltage aging
process was applied. In the literature [6-9], aging cycle times are kept quite long, such as hundreds or
thousands of hours. In this regard, 60 kV (5*Up) and 36 kV (3*Up) voltages were applied to the test
samples at 15-minute intervals in order to monitor the cable behavior with more frequent measurements.
The experimental setup for overvoltage application is given in Figure 6. Ry resistance connected in
series to the secondary of the high voltage test transformer was used to protect the secondary windings
of the transformer and limit the short circuit current in the case of a possible discharge. The magnitude
of the voltage applied to the cable insulation is measured with a capacitive voltage divider (C; and Cy)
and the conversion ratio of the voltage divider is 1/1000.
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Figure 6. Experimental setup for overvoltage aging.

Detailed information on measurement methods, devices, and standards described in this section.
After each aging cycle, dielectric losses (Py), dissipation factor (tand), and PD were measured.
The measurements were made according to the TS IEC 60502-2 standard published by the Turkish
Standards Institute (TS or TSE) based on the IEC (International Electrotechnical Commission) standards.
The minimum measuring voltage for the Py and tan? is specified as 2 kV in TS IEC 60502-2 (section
18.2.6). It is also recommended to measure the rated voltage of the cable.

In this study, dielectric losses (Py), capacitance (C), and dissipation factor (tand) were measured at
the 2 and 12 kV voltage and 50 Hz frequency by using the CPC100/CPTD1 measurement device as
shown in Figure 7. The relative permittivity (¢;) of the cable was examined and the behavior of the
cable insulator was analyzed by using the cable capacity measurement.

%HV

Cable Sample

o Probe

Figure 7. Omicron CPC100/CPTD1 and connection diagram.

After each aging process, PD measurements were realized by the MPD600 device as shown in
Figure 8.
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Figure 8. Omicron MPD600 and connection diagram.
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The measurement method described in TS IEC 60502-2 (section 18.2.5) standard was applied
exactly. In the tests, calibration of the test voltage will be provided with the calibrator unit of the
MPD-600 partial discharge measurement set. Then, the voltage will be increased to 2*Uj in accordance
with the TS IEC 60502-2 standard. After waiting for 10 seconds at the 2*Uj voltage level, the voltage will
be reduced to 1.73*Uj and fixed at this level and PD measurements were carried out [26]. Measurement
sensitivity ranges of the MPD 600 device are given in Table 1.

Table 1. Measurement uncertainty ranges of the MPD600 device [27].

Parameter Sensitivity

Voltage +0.005%
Frequency +1ppm
PD Level +2%

5. Measurement Results and Evaluation

In this section, measurement results are evaluated to see the effect of aging with overvoltage on MV
cable and termination. Dielectric parameters and PD were measured after each aging cycle. Four cable
samples were named as A, B, C, and D, and the average value of the measurement results of the two
samples is indicated as MEAN. While samples A and B were aged at 60 kV, samples C and D were
aged at 36 kV voltage. The data obtained were formed in two main groups. In the first group, dielectric
losses (Py) and dissipation factor (tand) measurements were separated according to their voltage levels.
In addition, relative permittivity (¢;) has been calculated. In the second group, PD measurement results
were introduced in magnitude for before and after aging. In addition, PD inception voltage was also
evaluated. Finally, the cable termination was removed and visual examination was performed to see
the damaged points.

5.1. Measurements of Dielectric Parameters

The overvoltage aging process caused breakdown on each cable sample in different cycles. sample
A was broken down at the 29th cycle, sample B at the 21st cycle, sample C at the 55th cycle, and sample
D at the 39th cycle. As a result of the measurements, it was seen that cable samples showed different
dielectric characteristics and the overall evaluation can be made by examining the average value.

5.1.1. Dielectric Losses (Py)

It has been observed that after each aging cycle, dielectric losses increase compared to the pre-aging
situation. The results of measurements of Py at 2 and 12 kV, and 50 Hz frequency can be seen in
Figure 9.

35 1.25 100 44
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3 12 9
,\.-/'/ 43
115 — V. AN \\\I 425
W _Vaa_W.W ','J' - 1,, A 80 V
—~ — 4 ~
S f'\.m-m- s v’"' : g o lanet™
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S
o ae 105 ot o ,\/\»
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1 405
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Figure 9. Dielectric loss (Px) measurement results for 50 Hz (a) 2 kV and (b) 12 kV.
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In the measurements performed at 12 kV, Py in sample A increased by 34%, while sample B
increased by 79%. However, since the cable samples behave differently, the evaluation of the average
Py value would be more accurate. There is a 62% increase in the average Py value, calculated using the
measurement results after 21 aging processes. In addition, after 39 aging cycles, the average Py change
in samples C and D was 13%.

The reason for this increase in the beginning phase of the aging process is that the bonds between
PE molecules are exposed to electrical stress, which leads to them becoming stretched, and results
in dielectric losses [28-32]. This increase shows that the overvoltage process stresses the cable and
Py increases. In addition, cable samples were able to withstand different number of aging processes
and became unusable. It is clear that this may be the result of differences in the assembly of the
cable termination.

5.1.2. Dissipation Factor (Tand)

The dissipation factor (tand) measurement results were examined to see how the electrical
insulation quality of the system consisting of cable and cable head was affected by overvoltage. Tand
measured after each aging cycle is introduced in Figure 10.

457~ 181 PO [ 17s

55 ’j-\/"\'\.\/\., . .
PR O 161/ s '-"v-‘"

< °§ ) J v - =
r
g I EREF vl £ =
e ~V e 3 =
25 \"4
15
2 1.45

15 e Sample A Sample C ;
e Sample B 135 e Sample D (|
= = Mean = = Mean
13 '

0 10 20 30 0 20 ey 60 0 1 20 30 0 20
Aging (cycles) Aging (cycles) Aging (cycles) Aging (cycles)

(a) (b)

Figure 10. Tand measurement results for 50 Hz (a) 2 kV and (b) 12 kV.

40

Before the aging process, the average tand value of samples A and B was obtained as 0.18%.
From the first aging cycle, the rate of increase in tand was quite rapid and reached 0.268% in the 2nd
cycle. From the 2nd to the 21st cycle, the rate of increase decreased and reached 0.290%. Unlike
samples A and B, the rate of average tand value for samples C and D increased 10% form the first
aging cycle to the 20th. It maintained its condition throughout 20 aging cycles and increased its rate of
increase again after the 40th aging cycle. While the average tand value increased by 60% in cables aged
with 60 kV, the increase rate was 13% in cables aged with 36 kV.

5.1.3. Relative Permittivity (&)

The relative permittivity (e;) measurement could not be done, but the cable capacity value was
measured and the ¢, value was calculated using geometric capacitance. Detailed information about
the formulation and the result obtained is calculated in Equations (7) and (8) [21].

CP
& = C_O (7)
Co _ 2.7T.£().€air.l (8)
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In the above equations, C is the geometric capacitance (F), Cp, is the measured capacitance (F), ¢g
is the relative permittivity of space and ¢,;, is the relative permittivity of air, ! is the cable length (m), ro
is the outer radius of insulation (mm), and r; is the inner radius of the insulation (mm). The geometric
capacitance value (Cp) for the measured cable was calculated as 254.18 pF.

The change in relative permittivity value due to the aging cycle is shown in Figure 11. It is clear
that the relative permittivity value calculated based on the measurements performed at 12 kV and 50
Hz, showed a slight increase as aging cycles increased.

225 2225 2.245 2.225
2.245 224
2.24
A P'-\ 2235 = »
222 s —/ -\\ 222
2235 [ 4 - /
- —— ~ o PP e b ’
~. ~ \
o223 oo o - o
\~ 2.225
2225
2215 2215
222
222
2215 — Sample A Sample C 2215 — Sample A Sample C
—Sample B — Sample D — Sample B w— Sample D
— = |\lean — = \lean m— = \ean m— = \lean
221 221 221 221
0 10 20 30 0 20 40 60 0 10 20 30 0 20 40 60
Aging (cycles) Aging (cycles) Aging (cycles) Aging (cycles)
(a) (b)

Figure 11. Relative permittivity () at 50 Hz and (a) 2 kV and (b) 12 kV.

It is understood that the relative permittivity value shows a different increase in each sample like
other dielectric parameters. Although the increased rate in samples A and B varies between 4 and
7 per thousand, the average increase value is calculated as 5.5 per thousand. For samples C and D,
the average rate of change is calculated as 1.5 per thousand. It can be said that this rate of change is
remarkable in measurements made at a frequency of 50 Hz.

5.2. Measurements of Partial Discharge

In this section, Figure 12 shows PD magnitude measurement results for cable samples, respectively,
before and after aging. All measurements were performed in the range of 100 to 400 kHz using the
“Set for IEC 60270 compliance” command on the MPD600 control screen.
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Figure 12. Cont.
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100 nC Intensity Main  Statistics
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105 o
IEC 60270 status
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054 st Sy
039 MPD 600 1.1

(b)
Figure 12. PD measurement results of sample A: (a) before and (b) after the 21st aging.

Sample A broke down at 29 cycles, sample B at 21 cycles, sample C at 55 cycles, and sample D at
39 cycles. In order to see the PDs caused by our measurement system and grid, the graphs were created
on a scale of 100 fC to 100 nC. In the measurements made at 20.8 kV voltage and 50 Hz frequency,
the PD value before the aging process was measured between 900 fC and 1 pC.

After the aging process, was a slight increase in PD events in sample A. The PD value was 185
pC before aging and it exceeded 246 pC just before the cable termination was damaged after aging.
The PD measurement results of sample A are displayed in Figure 12.

It was noticed that in the measurement of PD for sample B before aging, there were a large number
of PD activities that may result from test setup or cable termination assembly as in Figure 13. The PD
value, which increased from 205 to 446 pC, indicated the degradation of the cable termination of the
aging process with overvoltage.

Considering that sample C was aged with a 36-kV overvoltage, the PD measurement result before
aging was 60 pC, while it was 285 pC after 55 aging processes. It was seen that the increase in PD
events was quite high as shown in Figure 14. The reason for this situation could be shown as the
heating operation damaging the cable termination while the termination assembly was being installed.
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Qec
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Figure 13. Cont.
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Figure 13. PD measurement results of sample B: (a) before and (b) after the 29th aging.
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Figure 14. PD measurement results of sample C: (a) before and (b) after the 55th aging.
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When the measurement results of sample D were examined (Figure 15), it was seen that while
PD occured at a magnitude of 115 pC, it increased to 150 pC after 39 aging processes. This change in
sample D met the expected results as it was aged with a 36-kV voltage.
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Figure 15. PD measurement results of sample D: (a) before and (b) after the 39th aging.

When evaluating the below measurement results, it is necessary to carefully consider the
definitions of PD. PDs occurring on the positive or negative rising edge of the voltage, are internal PDs.
PDs occurring around the positive or negative peak of the voltage are surface discharge in the cable lug
or cable termination. Surface discharges can occur in a void at cable termination for various reasons.

For example, if the inner surface of the termination is assembled with a contaminant on the surface,
this can cause the surface stress to initiate surface discharges. Normally, this occurs in the region of the
stress cone due to the highest transverse electric field. Another cause for surface discharges is poor
preparation and workmanship.

Based on the information obtained from the studies performed using different aging methods in
the literature, it can be predicted that the inception voltage value of the PDs in the cable system will
decrease. However, the most important point to be noted here is that errors occurring in the assembly
of the cable termination affect the PD amplitude rather than the PD inception voltage. Details can be
seen in Figure 16.
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Figure 16. PD inception voltage measurement results at 20.8 kV.

5.3. Defects Occurring in the Cable Termination

The cables were aged using overvoltage broken down in a different number of aging cycles.
Breakdown occurred under the stress-relief material of the cable termination. The details are shown
in Figure 17. It was observed that the failure that occurred in different cable samples was not in the
cable insulation but in the cable termination. We can determine the actual status of the cable and
cable termination with dielectric parameters and partial discharge measurements. One or more of
the reasons, such as an air gap or contamination that may occur during the assembly of the cable
termination, the incomplete scraping of the semiconductor surface, or improper placement of the
stress-relief material, can lead to this situation. In addition, the reason for this situation can be explained
as the heating process damaging the cable termination during the termination assembly installation.

I \\\\\\\\\\\\\\\\\\\\\\\\\
2 3 A

Figure 17. Breakdown location in the cable termination.

6. Discussion

In this study, the behavior of the cable and the faults caused by the defects that may occur in the
termination of the cable under overvoltage has been examined. The effectiveness of different dielectric
diagnostic methods has been studied. Four test samples were created from 12/20.8 kV XLPE insulated
cable using the equipment at the Yildiz Technical University High Voltage Laboratory and were aged
with overvoltage using three times (3*Uy) and five times (5*Uy) the rated voltage. The results and
considerations in this study can be presented as follows.

In the dielectric analysis of the cable, it was seen that the measurement of dielectric parameters
can only give an idea about the cable, and these measurements are insufficient when it comes to cable
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termination. In measurements made at the rated frequency, the tand value can be used as characteristic
data to learn the aging degree of the cable. However, this situation is not valid for relative permittivity
(er). It has been observed that an increase in Py in cables aged at different overvoltage values do not
give a clear idea about the cable life. On the contrary, it is necessary to examine these data in detail
with numerical analysis methods and with more cable samples. In addition, it is quite clear that when
an increase in dielectric parameters of 40% and above occurs, closer monitoring of the cable is required.

In PD measurements, similar trends were observed for each cable sample. The type of PD indicates
poor workmanship in cable termination assembly. In the measurements, there was a breakdown of
the stress relief material. The results of PD the measurement are consistent with this situation. It is
concluded that PD measurement plays a more effective role than tand for diagnosing the cause and
location of cable termination failure.

Although cable samples were formed from the same cable type, they were broken down at
different aging cycles. In this context, another conclusion is that defects that may occur during the
preparation of cable samples can be considered as poor workmanship. The effect of even the smallest
error in the heat treatment applied during the assembly of the cable termination on the life of the
termination has been clearly demonstrated. However, the most important point to be addressed in
this regard is that workmanship mistakes are not made consciously. When the measurement results
were examined, it was concluded that they give information about the increase in the probability of
failure and the shortening of the life of the cable system. Measuring of PDs after the cable termination
assembly process will contribute to the reduction of energy cuts and prevent economic losses.

In future studies, it is planned to cause aging with different methods, to make measurements at
different frequencies, and to work with different cable samples.
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