TEKNOKOM : Jurnal Teknologi dan Rekayasa Sistem Komputer
Vol. 5, No. 2, September 2022, pp. 155 - 165
ISSN: 2686-3219, DOI: 10.31943/teknokom. v5i2.86

CHARACTERISTIC TESTING OF THE GROUND CABLE USING TAN
DELTA (TD) TEST METHOD ON TWO SEGMENTS OF THE MEDIUM

VOLTAGE CABLE MENTENG AREA

Christiono?, Miftahul Fikri!, lwa Garniwa!, Dani Maula Sattar?, Andi Amar Thahara!

!Department of Electrical Engineering, Institut Teknologi PLN

ARTICLE INFO

ABSTRACT

History of the article:
Received September 16, 2022
Revised October 14, 2022
Accepted October 16, 2022
Published November 11,2022

Keywords:

Tan Delta Testing
Ground Cable
Cable Insulation
Action

This research is based on the existence of underground cable problems
due to rainfall in certain areas, especially the Central Jakarta area results
in an increase in soil moisture that can degrade the dielectric strength of
the SKTM and potentially SKTM interference. Therefore, Tan Delta testing
method is carried out as a predictive step to analyze the cable health
condition and an early method to determine the good/bad of the test cable.
After testing tan delta, it was obtained that the acquisition of segment 1
data results were in good condition because the average value of delta tan
in all three phases was 1.0, with the differential results being 0.0 and
deviation standard 0.0. Action to segment 1 is periodic maintenance of 5
years. Then in segment 2, the data obtained the average value of tan delta
phase R 70.6, phase S 143.9, and phase T 83.92. For differential of phase
R 161.7, phase S 33.7, and phase T 135.08. Finally, deviation standard at
phase R 4.57, phase S 20.14, and phase T 2.43. From |IEEE 400.2-2013
standard, it can be concluded that segment 2 is in poor condition and need

action as soon as possible of PD Tests and cable replacement.
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INTRODUCTION

Disruptions in the process of distributing
electrical energy both in the scope of
transmission and distribution are the most
avoided things by the company, because of
course it will harm the company with no energy
sold or just lost. According to[1, 2], disturbances
that occur, especially in medium voltage cable lines
(SKTM) can be temporary such as abnormal
currents and permanent disturbances that are
difficult to localize the point of interference. Then,
several permanent disturbances occur, some of
which are caused by environmental factors ranging
from water content, temperature, and high humidity
in areas prone to flooding or with high rainfall so
that the cable can feel environmental pressure
(environmental stress). In addition, from internal
cable factors such as water treeing, stress control,
and aging (reduced life time) due to the long
enough ground cable (SKTM) to operate [3, 4].

Testing of ground cables (SKTM) is one way
to see how the condition of the cables is
considering the difficulty of detecting interference
points so that preventive maintenance must be
carried out to prevent SKTM interference [3]. The

test guidelines on ground cables based on
research journals[5] refer to IEC 60502 — 2 in which
one of the tests on ground cables (SKTM) is Tan
Delta (TD). Tan Delta (TD) testing on cables serves
to measure the magnitude of dielectric losses by
looking at the extent of the delta angle shift,
because the more the value of Tan Delta, the
greater the dielectric losses on the cable and the
faster the insulation of the cable undergoes aging
[6, 7].

According to the disturbance data "Detailed
Report of the Se 004 Disturbance Code Unplanned
Outage of the Menteng Area Distribution Group",
the disturbance that occurred in the Menteng Area
in November — December 2021 where 8 out of 9 or
89% of disturbances that occurred in jointing were
caused by indications of wet cables with weather
conditions at the time the disturbance occurred,
namely cloudy or conditions after rain and
overcast, namely cloudy or cloudy or rainy.
Meanwhile, 11% of it occurred in termination due
to design errors in the indoor cubicle. For this
problem, the title "Testing the Characteristics of
Ground Cables with the Tan Delta (TD) Testing
Method on Two Segments of Medium Voltage
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Cable Lines at PT PLN (Persero) Menteng Area"
was raised to see the characteristics of the tan
delta test and how the influence of soil moisture
levels can affect the value of tan delta and on the
insulation of the cable.

The isolation system that experiences a
failure is certain to occur due to a penetrating
voltage before being influenced by factors that
cause insulation failure, both internal and external
factors. Breakdown voltage is a voltage that has a
minimum value to damage the insulation system,
so that if the cable specification has a system
voltage of 20 kV — 24 kV and then gets an abnormal
voltage or impulse above the system voltage, the
event can result in insulation failure. The standard
in the Tan Delta test on SKTM is to use IEC 60502-
2 (2005-02) for cables with a rating of 1 kV with Um
= 1.2 kV to 30 kV with Um = 36 kV.

The isolation failure is an event that occurs if
the function of the insulator as an insulating
material does not work properly, namely separating
the voltage or conductor part of one from another
conductor that has different potentials or
separating one conductor from the ground point.
Self-isolation has the function of dielectric and
mechanical characteristics. The meaning of the
characteristics of the dielectric is that the cable
must be able to withstand the working voltage or
system voltage and impulse voltage in accordance
with the specification rating of the cable. As for the
mechanical characteristics, an isolation system
must have attraction or other mechanical functions
such as being flexible in ground cables to
strengthen resistance in the SKTM line [8].

The insulating material can be said to be
translucent if electrons flow in the material. If the
insulating material continuously flows electrons, it
will cause a leakage current on the insulating
surface. This will result in the electrical pressure in
the insulation which for a long time the electron
pressure cannot be held by the dielectric so that it
changes properties to be conductive and a voltage
translucent occurs [9].

Water treeing as a result of cable insulation
degradation is a form of poor insulation quality due
to such high soil moisture. In a cable laid
underground, the external thermal resistance of
soil accounts for more than 70% of the temperature
rise in cable [1, 10]. This phenomenon occurs
because when high rainfall causes the soil to
become wet so that the water content can enter the
insulating pores of the cable and is destructive so
that there is the potential for SKTM interference.

One form of insulation failure in SKTM is in
the form of visualization of cable insulation marked
by water treeing. Water treeing is a process that
can result in degradation of cables, especially in
the XLPE type and cause a reduction in the life time

of ground cables. There are several factors that
can cause this water treeing, namely there are
contaminants in liquid substances to cable
insulation materials, mechanical pressure, and
environmental humidity.

RESEARCH METHOD

SKTM cable testing is one way to analyze
the condition / health of ground cables, especially
medium voltage cable lines that have been applied
to big cities. The 20 kV SKTM cable testing carried
out by this company is called cable assessment as
a preventive maintenance measure to prevent
consequences if the cable is in poor condition and
avoid SKTM interference either in terms of jointing,
termination, or the SKTM line itself [8]. Cable
assessment carried out on SKTM uses 2 methods,
namely partial discharge and Tan Delta (TD)
testing with each test using a different tool [8]. The
Tan Delta test is one of the test methods on the
ground cable (SKTM) to find out the condition of the
cable and that way we can estimate the remaining
life of the cable as well as the top priority in terms
of cable replacement to maintain the reliability of
the 20 kV electrical system[11].

Tool

Tan Delta testing itself uses the TDM45 tool
where there are several steps of data retrieval
before tan delta testing or voltage firing on the
ground cable (SKTM) such as finding out how long
the SKTM line segment is from substation A to the
opposing substation.

- [ 9L

Methods
1. Bending Test

Bending Test is one of the tests carried out
to determine the feasibility of a cable in terms of
installation later. Testing is carried out by doing
some bending on the cable body to find out
whether there are cracks in the cable after testing.
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Based on iec 60502-2 standard, the bending test is
carried out in a place or medium in the form of a
cylinder which later the cable will be rolled at room
temperature conditions for 1 reel. Testing was
carried out 3 times. Seetlah the test is carried out
the calculation of the diameter of the cable being
tested. For the bending test standards, namely:

20 (d + D) + 5%, for core cables 1 d = diameter of
the conductor of the wire, and

15 (d+D) = 5%, for 3D core cables = external
diameter of the cable.

2. Heating Cycle Test

Heating Cycle Test or heat sikuls test is one
of the test methods for conditioning the cable later
when used, because when it is operated later there
will be heat from the current flowing in the cable.
Test the heat sikuls on the wires by spreading the
wires above the floor and injecting current into the
cable conductors for heating. Current induction
uses a current transformer that is adjusted to the
magnitude of the diameter of the cable being
tested. The test was carried out for 8 hours with the
first 2 hours for the heating process, the next 2
hours for the stable temperature process at a
maximum temperature of 100°C and the last 4
hours for the cooling time until the initial condition.
This 8-hour cycle is carried out for 20 times using
a thermocorder tool[10, 12, 13].

3. PDTest

PD Test is a test to determine the discharge
or dischage that appears and disappears during
the firing process of a voltage of 1.73 UO which is
21 kV. Such voltages will be seen PDEV and PDIV
in the software. The test uses an OWTS tool and
uses a DAC voltage which is used to energize the
cable system at a frequency of 50 Hz-1.5 kHZ.
OWTS consists of 2 main units: OWTS analyzer
unit and OWTS coil unit. The OWTS analyzer unit
consists of HV supply and data processing &control
unit. HV supply is used to energize cable systems
using damped AC (DAC) voltage. The data
processing & control unit is used to process the
measurement data and control the entire
measurement process. There are several
recommendations for the results of tests carried out
according to the type of cable tested, whether pilc
or XLPE insulation cables[11, 14, 15].

4. Tan Delta Test

Tan Delta testing is a test of cable
characteristics in terms of their insulation
resistance by looking at the value of tan delta or
angular deviations that occur in the cable to be
tested. If there is an increase in the value of tan
delta, it will be ascertained that there is a defect or
degradation of the cable insulation. Determination

of the good or bad condition of a cable by
conducting tan delta testing is seen in several
categories for data analysis.

Insulation, which is a separator between the
voltage and the non-voltage part, if there are
contaminants, defects in the cable insulation, water
treeing, and air humidity, then the resistance in the
cable insulation will be reduced [14].

U

Figure 2. Phasor Diagram of Tan Delta

The tested value of angle shift or phase
difference will determine how poor the insulation
quality of the cable is or how large the level of
contaminants in the insulation is. When measuring
the IR / IC (Tangent) value, it will be seen how
much the angle shift is and in terms of insulation
quality. The Tangent value for the & angle will show
how good or bad a cable insulation is[14]. Under
normal circumstances, a good insulation will show
an angular value of & close to zero (0). The greater
the shift or deviation of the angle of the 8, it will
indicate that the insulation of the cable is irrigated
resistance current and means the poor quality of an
insulation due to contaminants or pollutants. To
determine how big the deviation of the angle or
value of Tan Delta is, there are 3 criteria that will be
used as an analysis of the determination of the
results of the Tan Delta segment test, namely the
average value of Tan Delta, the Change in The
Value of Tan Delta (Differential), and the deviation
of Tan Delta to Standard (Stability TD)[14].aaA

The voltage injected with 3 times and
different voltage ratings will show how much the
delta tan value is and its effect on the dielectric
strength of the cable. If when firing the voltage is
up to 3 times and there is no increase in the value
of tan delta, the strength of the dielectric or cable
insulation system is still good. However, if there is
an increase in the value of the delta tan during the
voltage injection, then there is a decrease in the
insulation quality of the ground cable being tested.
Tan Delta (TD) ground cable (SKTM) testing
method is a test to see the angular deviations that
occur in the insulation of the upper cable loss of
dielectric strength because basically the cable can
be likened to a capacitor that has a phase
difference in voltage and current of 90° [4]. Voltage
injection is carried out by regulating the value of the
working voltage phase to ground (U0) which is 0.5
uo0, U0, and 1.5 UO[14].
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Figure 3. Wired Equivalent Circuit

This Tan Delta test uses the VLF (Very Low
Frequency) method, which uses an AC signal with
a frequency range of 0.01 Hz to 1 Hz. If the cable
cannot withstand the firing voltage for a specified
period of time with several firing times, it is certain
that the cable is at an alarming level or there may
be an isolation failure and even interference in a
short period of time. This VLF method is used to
test cables with existing insulation media as well as
with a go and no-go system[14]. VLF AC testing
allows the cable not to cause space charge so that
it does not damage the cable itself (no repeated
and frequent testing is carried out). Because the
cable is likened to a capacitor that has a
capacitance of several microfarads, VLF is used to
test high-voltage AC cables.

As for the process of taking tan delta testing
data which is carried out for data processing
methods and analysis with observation methods
carried out so that test data are obtained as follows.

1. Cable Measurement

Cable measurements are carried out to
determine the length of the SKTM cable segment
to be tested and find out the number of jointings of
each segment using the TDR (Time Domain
Reflectometry) tool. The use of TDR tools is so
useful, especially on ground cables that are not
visible to the naked eye so that a tool is needed
that can read cables planted underground without
having to dig on the SKTM line. TDR is connected
to sktm indoor cables in each phase and sends a
signal to be read by the tool itself. The TDR tool
display displays the length of the cable segment to
be tested by including information such as the
signal given, the operating voltage of the cable, and
others. If the tool reads a significant increase in
signal then in that area there is a cable jointing
between the 2 segments tested. Then the
beginning and end of the segment there is also a
sinusoidal wave indicating that it is the termination
point of the cable as shown below.

Figure 4. TDR Display

Cable measurements using TDR cannot
always be done for certain types of cables,
because the TDR tool itself has its range. For
example, the TDR used by researchers has the
disadvantage of not being able to take
measurements if the distance of the cable or
segment is too close (less than 20 meters).
Therefore, a higher series of tools is needed to
overcome these problems if encountered in the
field.

2. Data Entry

SKTM specification data starting from the
name of the supplier, the length of the segment to
be tested, the type of cable insulation, etc. will be
entered into the software on the PC for further
processing. In this data input process requires high
accuracy because it must be precise in entering the
specifications of the distribution substation,
cubicle, and SKTM that are tested so that there are
no errors when they have been tested. The process
of entering data that takes place must be in
harmony between the officers at the substation and
in the place of data input so that the data entered
is data that actually exists in the field. The data
entered uses the "Start TDM" software and
proceeds for the next step to choose the Near End
or Far End Station for the name of the distribution
substation and owner for the UP3 PLN area.

Figure 5. Start TDM Display

The picture above is a display during the
process of entering the distribution substation
specification data, the name of the supplier, the
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UP3 area where the substation is tested, SKTM
data, etc.

3. Calibration

In this calibration process, it uses a
calibration tool that is used to adjust the test
equipment which will later be tested on the SKTM
cable for XLPE insulation. This calibration uses a
0.1 Hz signal in accordance with the specifications
of the test equipment used so that the data results
obtained are in accordance with the standards of
the tool and regulate the capacitance used by the
tool which is adjusted to the magnitude of the
capacitance value by the SKTM cable. The
calibration process does not take a long time,
however, this process is still an important step so
that the data or test results obtained are real or not
far from the standard TDM45 tool.

4. Cable Testing

The last step is testing the delta tan on the
SKTM cable. Testing or measurement using the
TDM45 tool where it uses the VLF voltage to
produce a voltage of 0.5 to 1.5 UO so that we can
know the characteristics of the delta tan value as
different test voltage levels are given. This tan delta
test is carried out automatically because it uses a
go / no-go system, namely through the TDM Start
software and will automatically be carried out
voltage firing 3 times according to the test voltage
level.

o
= mantam.

6= : ‘ !

e
Figure 6. TD Test Result Display

The picture above is a display of the results
of tests that have been carried out for each phase.
After firing the voltage 3 times according to the test
voltage level, results or data will be obtained as
shown, namely there is a graph of the effect of the
test voltage on the value of tan delta along with the
average value of tan delta, standard deviation, and
differential tan delta. The raw data will later be
exported into a file which is then carried out data
analysis to draw conclusions in the form of good or
bad conditions of the SKTM cable.

The data analysis method used in this final
project research is an inferential statistical analysis
technique. This technique is one of the methods
used to draw conclusions in the form of predictions
(in the case of this study in the form of preventive

steps from periodic maintenance) by analyzing test
variable data compared to the standard.

Table 1. Standard IEEE 400.2-2013

VLF-TD
Time Differential VLF-
Stability TD (VLF-DTD)

Condition | (VLF-TDTS) (difference in M‘I?;na:/t’:
Assesment | measured by mean VLF-TD) [109] 0
standard between 0.5 Uy
deviationat | and 1.5 Uy, [107]

Uo, [107]

No Action <01 <5 <4
Required

Further

Study 0.1t00.5 5to 80 4 to 50
Advised

Action

Required >0.5 >80 =50

The data that has been obtained on the
test results will be adjusted to the IEEE 400.2-2013
standard and will be analyzed and conclusions
drawn according to the condition of the cable being
tested whether the cable is in good or bad condition
so that follow-up can be carried out on the results.

RESULTS AND DISCUSSION

The Tan Delta (TD) test carried out is on
XLPE-insulated cables and has 3 conductor cores
(three-cores). The following are the results of cable
measurements at the P9OP — B29C and P90P —
P88 substation barrel refinery ketapang
substations according to the SLD listed in the
attachment using the TDR tool according to the
way the data was collected in the previous chapter
to be included in the "Start TDM" software including
the name of the supplier, the name of the
distribution substation, the length of the cable, the
number of jointing’s, and the type of cable
insulation.

SKTM Cable TDR Measurement Results

Cables tested on 2 SKTM segments (top-
down direction substations) in 1 supplier showed
that there was a difference in cable length and the
number of joints. The length of a cable will
determine how much the capacitance value of the
cable is, the longer a cable is, the less the
capacitance value will decrease along with the
decrease in the resistance value of the cable for the
time of the cable that has been aged. Furthermore,
Tan Delta (TD) testing will be carried out for each
segment and each phase.
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Table 2. Cable Measurement Result

Substation Cable Number Cable
Feeder of .
Segment Lenght L Insulation
Jointing
P90P — 6 (cold
B29C 60SM | hrink) XLPE
Feeder
Gentong
poop_pss | sssm | ool XLPE
shrink)

Tan Delta (TD) Test Results

In the Tan Delta (TD) test conducted using
the TDM45 tool to obtain some test result data
which will later be adjusted to the IEEE 400.2-2013
standard according to the category in order to get
the results or condition of the cable tested. As for
the test results of the first segment of Tan Delta
(TD), namely the P90P — B29C distribution
substation, it is as follows.

Table 3. P9OP — B29C Segment Test Results
Phase R

Table 4. P9OP — B29C Segment Test Results

Phase S
Phase L2
Te”,:/lpgirsatt]“r;e & 30°C & 66% (Dry)
Voltage 8.2kV 16.3 kV 24.4kV
Factor U 0.5 1.0 15
Capacitance 89.0 nF 89.0 nF 89.0 nF
Resistance 100.0 MQ 100.0 MQ 100.0 M Q
Mean (10°%) 1.0 1.0 1.0
Deviation (107%) 0.00 0.00 0.00
sy | 104010 [ 19100 (10100

The data of the first segment for phase S

showed the same results as the previous R phase,
that is, when the voltage was increased according

Phase L1 to the factor UO that when 0.5U0, 1.0U0, and 1.5U0
TompeTA & it was seen that the average (_:apacitance value was
Moisture 30°C & 66% (Dry) 89.0 nF and the average resistance was 100.0 MQ
with a cable length of 605 meters. As for the
Voltage 821V 163KV AR deviation value, it looks 0.00 an_d the value of_t_an o)
shows an average of 1.0 for 3 times voltage firing.
Factor Uy 0.5 1.0 15
Table 5. P90P — B29C Segment Test
Capacitance 89.0 nF 89.0 nF 89.0 nF Results Phase T
Resistance 100.0 MQ 100.0 MQ 100.0 M Q Phase L3
Mean (107) L0 10 L0 Temperature & 30°C & 66% (Dry)
Moisture
Deviation (107%) 0.00 0.00 0.00
Voltage 8.2 kV 16.3 kV 24.4kV
3 1.0;1.0;1.0; | 1.0;1.0;1.0; | 1.0;1.0; 1.0;
Tan 3 (107) 1.0;1.0 1.0;1.0 1.0;1.0 Factor U, 05 10 15
Capacitance 91.0 nF 91.0 nF 91.0 nF
The first segment data for phase R show
when the voltage is raised according to the factor Resistance 1000MQ | 100.0MQ | 100.0MQ
U0 that when 0.5U0, 1.0U0, and 1.5U0 are seen -
average capacitance values of 89.0 nF and an Mean (107) 10 10 10
average resistance of 100.0 MQ with a cable length Deviation (107) .00 3000 3000
of 605 meters. As for the deviation value, it looks
0.00 and the value of tan & shows an average of 1010 1.0 1 1.0 1.0-10. | 1.0: 1.0 1.0-
1.0 for 3 times voltage firing. Tan 3 (10%) 1010 | 1010 | 1010

The first segment data for phase T showed
almost the same results as the previous R and S
phases, that is, when the voltage was raised
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according to the factor U0 that when 0.5U0, 1.0U0,
and 1.5U0, the capacitance value was seen that
was different from the previous data, namely an
average of 91.0 nF and an average resistance of
100.0 MQ with a cable length of 605 meters. As for
the deviation value, it looks 0.00 and the value of
tan & shows an average of 1.0 for 3 times voltage
firing.

Furthermore, for the Tan Delta (TD) test data
in the second segment, namely the P9OP — P88
distribution substation by conducting tests obtained
by the data results of each phase as follows.
Table 6. P90P — P88 Segment Test Results Phase
R

Resistance 15.6 MQ 15.6 MQ 15.6 M Q
Mean (107) 129.8 143.9 163.5
Deviation (10°%) 10.66 20.14 22.79
146.2; 173.0; 200.6;
wa00) | e | igme | s
122.5; 1155 | 125.1;117.6 | 145.0; 140.0

In the data of the second segment of phase
S shows the value of the capacitance of the cable
with a segment length of 838 meters is 1,555 pF
with a resistance value of 15.6 MQ. Then for the

Phase L1 value of Tan Delta has a number of differences at
- ) the time of 3 times the firing of the voltage is carried
e ure 26°C & 88% (Wet) out to take its average value at the time of 1.0 UO
and the differential of tan delta between 1.5 U0 and
Voltage 8.2kV 16.3 kV 24.4kV 0.5 Uo.
Factor Ug 05 1.0 15 Table 8. P90P — P88 Segment Test Results Phase
T
Capacitance 1.556 nF 1.556 nF 1.556 nF
Phase L2
Resistance 75.0 MQ 75.0 MQ 75.0 M Q
Temperature &
. 26° % (W
Mean (10°%) 4.0 70.6 165.67 Moisture 6°C & 88% (Wet)
Deviation (10°3) 0.00 457 48 Voltage 8.2 kV 16.3kV 244KV
10: 4.0: 67.8;72.2; | 160.0; 161.0; Factor Uy 0.5 1.0 15
Tan § (10°3) 40-40-40 | 846782 | 1651;170.2;
S 70.0 172.0 Capacitance 1.245 nF 1.245nF 1.245 nF
Resistance 100 MQ 100 MQ 100 M Q
The data above is the result of tan delta .
testing from segment 2 for phase R where it shows Mean (10°) 24 83.92 137.48
that the capacitance value of_ the cable le[h a Deviation (107) 763 513 500
segment length of 838 meters is 1,556 yF with a
resistance value of 75 MQ. Then for the valug of T 82.4;82.0; | 120.8; 140.4;
Tan Delta has a number of differences at the time Tan & (10%) , ;-_021 3-_721 .| 822826, | 1360; 1444,
of 3 times the firing of the voltage is carried out to e 88.4 145.8
take its average value at the time of 1.0 UO and the

differential of tan delta between 1.5 U0 and 0.5 UO.

Table 7. P9OP — P88 Segment Test Results
Phase S

Phase L2

Temperature & 26°C & 88% (Wet)

Moisture

Voltage 8.2 kv 16.3 kV 24.4 kV

Factor U 0.5 1.0 15
Capacitance 1.555 nF 1.555 nF 1.555 nF

The above is the test result for the second
segment with phase T which shows the magnitude
of the capacitance value of the cable with a
segment length of 838 meters is 1,245 pF with a
resistance value of 100 MQ. Then for the value of
Tan Delta has a number of differences at the time
of 3 times the firing of the voltage is carried out to
take its average value at the time of 1.0 UO and the
differential of tan delta between 1.5 U0 and 0.5 UO.

DATA ANALYSIS
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The analysis process as a form of data
processing results for testing or data collection that
has been carried out on the Tan Delta (TD) test
uses the IEEE 400.2-2013 standard as a reference
for the process of drawing conclusions from the
good or bad condition of the cable tested in the
presence of 3 indications, namely the mean or
average value of tan delta at the time of 1.0 UO,
then the differential value of tan delta when the test
conditions are 1.5 UO and 0.5 UO, and from the
magnitude of the deviation value against the
standard.

This Tan Delta (TD) test uses the TDM 45
series of tools which performs voltage firing 3 times
automatically with a go / no-go system for different
voltage ratings in order to see how the insulation
resistance characteristics of the Tan Delta factor on
the cable tested or assess the dielectric strength of
the XLPE isolation SKTM cable in two segments so
that it can be classified according to quality /
condition.

The data classification table for each of the
average parameters of tan delta, differential tan
delta, and standard deviation according to the IEEE
400.2-2013 standard from the test results of the
SKTM cables isolated xlpe is as follows.

Table 9. TD Test Result Classification

Cable Segment PSOP — B29C Segment PSOP — P88
Indicator Line Line Line Line Line .
R S T R s | tineT
Mean TD
at 1.0 Uo 1.0 1.0 1.0 70.6 1439 | 83.92
(10%)
Differential
TDat 1.5
Uo—0.5 Us 0.0 0.0 0.0 161.7 | 33.7 135.08
(107?)
Standard
Deviation
at 1.0 Uo 0.0 0.0 0.0 457 | 20.14 2.43
(10?)

The test result data on the parameters used
above will be compared with the parameters of the
IEEE 400.2-2013 standard to determine the
condition of the tested cable. Based on table 3.1 of
the IEEE 400.2-2013 Standard, then for the
determination of the good and bad of the tested
cables can be classified which will be marked with
color. If the results of the field data show a good
indication of the average value of tan delta,

differential tan delta, and the standard deviation
value at the No Action Required level, we can mark
it in green stating that there is no need for
execution on the cable. Then if the cable we are
testing gets the average value of tan delta,
differential tan delta, and its standard deviation
value at the Level of Further Study Advised, then
we will give a yellow color equivalent to the
condition that the cable needs to be studied further.
Furthermore, when the test results we obtain show
that the cable has an average value of tan delta,
differential tan delta, and its standard deviation
value at the Action Required level, then we give a
red color which means that the condition of the
cable is bad and needs to be executed next.

In the data above for the first segment,
namely the distribution substation segment P9OP —
B29C, it shows that the cables tested for all three
phases indicate Good or No Action Required
because for the average value of tan delta has a
value of 1.0 (below 4) and is flat for each phase.
Then for the differential value of tan delta has a
value of 0.0 because the current value of tan delta
is 1.5 U0 and 0.5 U0 is 1.0. the last for the standard
deviation value in the first segment is 0.0 because
for tan delta as measured on the observation data
it is 1.0 for all test results. This means that by
looking at the indicators/parameters of the
standards used, making the P9OP — B29C segment
a cable with good condition.

In the second segment data, namely P9OP —
P88, it shows that in phase R, it can be seen that
the average value of tan delta is 70.6. Because this
value is greater than 50, according to the standards
used, it will be given a red color. Then for the
differential value of tan delta shows 161.7 (Action
Required) because it ranges from 5 to 80. Finally,
the standard deviation value in phase R indicates
that the phase is in an Action Required state
because it ranges above 0.5, which is 4.57. then in
phase S experienced a fairly high deterioration
looking at the test data obtained, namely the
average value of tan delta and the standard
deviation was at the Action Required level of 143.9
and 20.14, while for the differential value of tan
delta was at the Further Study Advised level of
33.7. The last data in the second segment of
testing, namely in phase T, showed the same
results as the previous R and S phases, namely at
the Action Required level because the average
value of the resulting delta tan was 83.92, with a
differential value of tan delta of 135.08 and a
measured standard deviation of 2.43.

Then in terms of the resulting graph for the
influence of the voltage applied to the value of the
resulting delta tan on segment 1 is as follows.

162

Christiono et al., Characteristic Testing of The Ground Cable Using TAN...



p-ISSN: 2621-8070 e-ISSN: 2686-3219

Figure 7. Tan Delta Testing Chart Segment 1

In the tan delta segment 1 test graph above,
it shows that as the voltage increases given using
a frequency of 0.1 Hz, the resulting delta tan value
remains constant/significant. Each increase in
voltage applied to the test cable, the value of the
delta tan obtained for all three phases remains at
1. This means that there is no aggravation in the
SKTM cable insulation system that was tested and
there is no moisture judging from field conditions
that have dry and not wet soil so as not to make the
cable potentially disturbed in the future. The SKTM
cable in segment 1 can be concluded that it is in
good condition (No Action Required) because it is
also resistant when given voltage at a condition of
1.5 UO0.

Furthermore, the tan delta test chart to
determine the condition of the dielectric strength in
the SKTM cable in segment 2 for all three phases
is as follows.

I

Figure 8. Tan Delta Testing Graph Segment 2

In the tan delta test graph for segment 2,
almost all three phases show quite the same
results, namely in the graph of the test voltage used
against the measured delta tan value, which is
increasing the test voltage from 0.5 U0, 1.0 U0, and
up to 1.5 UQ, it can be seen that there is also an
increase in the value of tan delta. It can be
concluded that there was a deterioration in the
insulation of the cables tested because the
insulation resistance on the cables decreased as
seen in the increase in the value of the tan delta
obtained. In addition, we can conclude that the
segment 2 cable is in poor condition or Action
Required.

The durability of the SKTM cable tested is
seen from its dielectric strength when firing voltage
with 3 different ratings. If during firing the first
voltage (8.2 kV) to the third, which is 24.4 kV, there
is an increase in the value of the tan delta, it can be
ascertained that the dielectric strength of the cable
tested is poor. Next, it will be seen how the value
of the soil moisture level can affect the test results
of the tan delta value. As for the table along with a
graph of the relationship of soil moisture levels to
the results of the tan delta test, it is as follows.

Table 10. Soil Moisture Value At The Time Of Tan
Delta 2 Segment Testing

Mean Tan
Segment Line Delta at 1.0 Soil Moistute
Uo (10%)
R 1.0
P90P — B29C S 1.0 66%
T 1.0
R 70.6
P90P — P88 S 143.9 88%
T 83.92
Soil Moisture Chart To Tan Delta

Figure 9. Soil Moisture Chart To Tan Delta

From the data and graphs above, results can
be obtained that the higher the soil moisture value,
it will increase the cable delta tan value seen when
the humidity is 66% or dry conditions, the stable
delta tan value is low at number 1. However, in wet
conditions with soil moisture of 88% the value of
tan delta increases at 70.6 in phase R, 143.9 in
phase S, and 83.92 in phase T. So it can be
ascertained that if soil moisture is high, it will
increase the potential for an increase in the value
of tan delta in the cable which will reduce the quality
of insulation of the cable.
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The results of the delta tan test carried out
will get treatment recommendations or follow-up in
accordance with the condition of the cable where
repeated maintenance will be carried out within 5
years for cables with No Action Required
conditions and maintenance in the form of PD
Tests and cable replacement if action required
conditions on the cables are indicated after tan
delta testing. Therefore, this tan delta test is a
predictive maintenance to determine the condition
of the cable whether it needs further maintenance
or not.

CONCLUSION

Based on research that has been carried out
by analyzing data from Tan Delta (TD) testing in 2
segments that have been previously presented, it
can be concluded that:

The delta tan test method is carried out as an
early method of determining the condition of the
SKTM cable and as a reference to carry out further
maintenance such as PD tests and detection,
because if it only directly leads to a PD test without
tan delta testing, it will not be known whether the
cable was initially in poor condition or good the
insulation system and also would not be as
accurate as determining the location of the cable.
As well as for which segment indicators will be the
recommendations for conducting PD tests as well
as cable replacement, because if the PD is high
without being noticed by the delta tan, it cannot be
fully trusted or valid data. Therefore, tan delta
testing is carried out first as an early predictive
method of determining the condition of the
cable.The characteristics of the delta tan value in
segment 1 which has a good result (No Action
Required) are that it has an average tan deltaketiga
phase which is 1.0, a standard deviation of 0.0, and
a differential tan delta of 0.0. Then for bad results
with the recommendation of Action Required has
the characteristics of the average value of tan delta
in phase R of 70.6, phase S 143.9, and phase T of
83.92. Differential values of phase R 161.7, phase
S 33.7, and phase T 135.08. Finally, the standard
deviation values at phase R 4.57, phase S 20.14,
and phase T 2.43. Thus, the data from segment 2
show that under adverse conditions according to
the category in the IEEE 400.2-2013 standard.

Soil moisture data of 66% (dry condition) shows
a delta tan value of 1.0. As for soil moisture, 88%
(wet conditions) shows that the tan delta values in
the R, S, and T phases are 70.6, 143.9, and 83.92
respectively. Thus, the higher the level of soll
moisture in the SKTM line, it will increase the
potential value of tan delta and water treeing so
that it will reduce the dielectric strength or
insulation quality of the cable itself. The follow-up
that must be done according to the

recommendation table from I|IEEE 400.2-2013,
namely for cables with No Action Required results
is to retest within 5 years. Meanwhile, the test
results of segment 2 with action required conditions
are to carry out follow-ups in the form of PD tests
and cable replacement.
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