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Abstract

The transformer is the leading equipment in the electric power system that is directly related to the
electrical transmission and distribution system. An essential part of a power transformer is its insulation
system. Along with age and its operation, the condition of insulation can be damaged, which can lead to
failure of the surgery. The purpose of this study was to determine the quality conditions of the power
transformer insulation. The method in this research is observation and study of literature, while the
research location is PT PLN (Persero) TIBT APP Cirebon. Data were taken in the form of polarization
index and delta tangent test results. After the data is collected, the polarization index and delta tangent
are calculated and analyzed. Analysis of the polarization index testing using the primary-ground,
secondary-ground, tertiary-ground, primary-secondary, secondary-tertiary, and primary-tertiary
methods. Whereas tangent delta testing is the relationship between CH, CHL, CL, CT, CHT, and CLT.
The results of tests with delta polarization and tangent indexes that the transformer isolation resistance is
still good and the transformer is feasible to operate.
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maximum age specified by the factory.
In the operating system the isolation
transformer becomes a very important
part in separating the voltage.

In the operating condition the
transformer insulation can decrease in
strength or penetrating power so that the
transformer  will  experience  an
operation failure or damage[3]. Damage
to the insulation on the transformer can

INTRODUCTION

Power transformer has a very
important role in the electricity
distribution system, because it is
directly related to the transmission
system and distribution system. The
function of a power transformer
converts electrical power from high
voltage to low voltage or from low
voltage to high voltage. Low-voltage

and high-voltage coil construction and
body are protected by insulation.
Disturbances in the transformer due to
the failure of insulation can cause a
break in the electrical power of
consumers, therefore maintenance and
testing of insulation is very necessary to
be done routinely and periodically so
that the transformer can operate
properly in accordance with the

be caused by several factors such as
excess voltage, humidity, high operating
temperatures or mechanical damage.

To anticipate the failure of the
transformer during operation, a number
of important tests such as the
polarization index and delta tangent
tests are carried out. By means of
routine testing the isolation of the
transformer will be well controlled and
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operation continuity can be maintained
well.

METHODS

The first thing to do in this
research is to determine the research
objectives, which are as follows to
know the test results and calculation of
the power transformer insulation
resistance based on the polarization
index test. Other that that to know the
test results and forecast of the power
transformer insulation resistance based
on the delta tangent test. And to know
the quality of the power transformer
insulation resistance based on the
polarization index test and the tangent
delta.

The procedure in  research
certainly needs to be considered.
Systematic steps will provide direction
in the work process and can facilitate
the process of understanding the desired
goals. Figures 2.1 and 2.2 are flow
diagrams can be explained more clearly
the stages of research as follows:
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RESULT AND DISCUSSION

The results of polarization index

testing

The results of testing the polarization
index are to ensure that the equipment is
suitable for operation or even for
overvoltage tests. The polarization
index is the ratio of insulation resistance
at minute 10 to minute 1 with a constant
voltage.

The polarization index method is
used to test one piece of equipment, to
find the insulation resistance of the
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1,1-1,2 Be Questioned
10-11 Bad
>1,0 Dangerous

The parameter value of the
Polarization Index (IP) according to the
IEEE 43-2000 standard on Polarization
Index and Isolation Resistance.

The results of polarization index

calculation

The results of index polarization
in 2016 and 2018 as follows [3]:

material and focus on its insulation . _ 759 _
The results of testing the insulation Primary(P) ~Ground(G) IP= 5,94
transformer of a power transformer at 1,27
transformer four sunyaragi using the _ 558 _
polarization index method as follows[7] Secondary(S)-Ground IP= 347
1,6
Table 3.1 The results of polarization . 283 _
index testing Tertiary(T)-Ground(G) IP= 277
1
N Acti 2016 2018 07
o vity Condition Condition primary(P)-Secondary(S)  IP = 22 =
1 0 1 1 10 1,,, 316
(Min) (Mi P Min Min P”
n) Primary(P)-Tertiary(T) Ip=228_
1 PG 594 759 3,54 4,48 404 5,52
2 S-G 347 558 1,98 4,42 ’
3 TG 277 283 162 4,18 —_Secondary(S)-Tertiary(T) Ip=322=
4 P-S 316 7,02 3,12 4,17 4o 21
5 P-T 552 6,88 4,39 6,39 ’
6 ST 21 3,19 182 2,95 Primary(P)-Ground(G) IP= :’—:i =
1,26
The polarization index test results on 442
minute 1 — minute 10 on primary- Secondary(S) ~Ground(G)  IP = ==
ground, secondary-ground, tertiary- 248
ground, primary-secondary, primary- 18
tertiary, and secondary-tertiary Tertiary(T)-Ground(G) P = E
increased. =2,58 '
Table 3.2 Standard of polarization . _ 417 _
index test result Primary(P)-Sekunder(S) IP = T

Test Result Information
> 2 Excellent
1,25-2 Good

1,50
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Primary(P)-Tertiary(T) IP = % =
1,45
Secondary(S)-Tertiary(T)  IP = % =

1,62

Table 3.3 The results of polarization
index calculation

No Acti 2016 2018 Infont
vity Condition Condition on

1 10 P 1 10 IP

Min Min Min Min
1 P-G 594 759 127 354 448 126 Good
2 S-G 347 558 16 198 442 248 Excel
3 T-G 277 283 102 162 418 258 Excel
4 P8 316 7,02 222 312 417 1,50 Good
5 P-T 552 6,83 124 439 6,39 145 Good
6 S-T 21 319 152 182 295 162 Good

The results of the calculation of the
polarization index on measurements of
primary-ground, secondary-ground,
tertiary-ground, primary-secondary,
primary-tertiary, secondary-tertiary are
in proper limits by IEEE 43-2000
standards. The transformer is suitable
for operation.

The result of delta tangent testing

Tangent delta aims to determine the
condition of isolation characteristics
that have deteriorated or not. The results
of testing the transformer insulation
resistance of power transformer 4 in
sunyaragi using the delta tangent
method as follows :

Table 3.4 The result of delta tangent

testing
Measureme  Test I P Pf Corr Cap (Pf) Inf
nts (kV) (mA) (Watt) (%) Factor .
CH+CHL 10 30.843  0.7186 0.630  9823.80
CH 10 9.579 0.3228 0.630 305298
CHL (UST) 10 21,282 04021 0.630 6786.66
CHL 10 21.264  0.396 0.630  6770.82
CL+CLT 10 47.581 1.1522 0.630  15146.07
CL 10 4,121 0.2889 0.630 131245
CLT (UST) 10 43,484  0.8646 0.630  13859.38
CLT 10 43.460  0.863 0.630  13833.61
CT+CHT 10 16,711 0.2592 0.630  10636.61
CT 10 16,333 0.2507 0.630  10431.15
CHT (UST) 10 0326 0.0080 0.630 207,87
CHT 10 0376 0.008 0.630 205,75

Delta tangent test results on the
method CH+CHL, CH, CHL (UST),
CHL, CL+CLT, CL, CLT (UST), CLT,
CT+CHT, CT, CHT (UST), CHT to get
the results Pf %.

Table 3.5 Delta tangent testing

standards
Test Results Information
<0,5 % Good
0,5%-0,7% Deteriorating
>1,0 % Bad

Based on ANSI C 57.12.90
interpretation of delta tangent test
results.

The result of delta tangent calculation

Delta tangent calculation results
to find out the results of Pf% to
determine  whether the insulation
conditions are good or deteriorating[7].

Calculation of CH+CHL delta tangent
test results :

: 0,7186 Watt
: 10.000 Volt

P

\%

C : 9823,80 pF = 9823,80 x 102
F

w

:2x3,14 x50
Result :

Tané =
0,7186

10.0002 x2 x 3,14 x50 x 9823,80 x 1012

=0,23%

x100 %

One of delta tangent calculation from
several methods that get results <5% or
in a state of good isolation except the
CL method.

Calculation of CL delta tangent test
results :

P : 0,2889 Watt
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\% : 10.000 Volt

C  :131245pF =131245x 10

=

o 1 2x3,14 x50

Result :

Tand =

10.0002x2x 3,140;??31 1312,45x 10712 x 100 %
=0,70%

In the CL method the calculation
results get 0.5-0.7% and the insulation
was deteriorating

Table 3.6 The result of delta tangent

calculation

Measureme  Test [ P Pf  Corr Cap(Pf)
nts (kV) (mA) (Watt) (%) Factor

CH+CHL 10 30,843  0,7186 023 0,630 9823280

CH 10 9579 03228 034 0,630 3052,98

CHL (UST) 10 21,282 0,4021 0,19 0,630 6786,600

CHL 10 21264 039 019 0630 677082

CL+CLT 10 47581 11522 024 0,630 1514607
CL 10 4121 0,2889 0,70 0,630 131245

CLT@UST) 10 43484 08646 020 0,30 1385938

CLT 10 43460 0863 020 0630 1383361
CT+CHT 10 16,711 02592 008 0,630 1063661
CT 10 16,333 02507 0,08 0,630 1043115
CHT (UST) 10 0326 0,0080 0,12 0,630 207.87
CHT 10 0376 0,008 0,12 0,630 20575

The test results and average delta
tangent calculations are in good
condition under the desired standard
<0.5%, but some tests exceed the
reasonable limit of Capacitance low
(CL), but the transformer is still feasible
to operate.

The quality of the power transformer
insulation resistance is based on the
polarization index test and delta
tangent

The quality of the power transformer
insulation resistance based on the
transformer polarization index test at Gl
Sunyaragi from 2016-2018 shows that
the transformer is still in good condition
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because the test results are above 1.25-2
so that the transformer is always safe to
operate.

The quality of the calculation results
in Table 4.6 can be concluded that the
condition of the transformer winding
insulation resistance in Gl Sunyaragi is
still feasible to operate but is still under
supervision. The average delta tangent
test results are still useful in the desired
standard < 0.5%, but some tests exceed
the reasonable limit that is Capacitance
low (CL). In CL mode, there is a
deterioration or increase that exceeds
the test standard in Gl Sunyaragi by
0.5% - 0.7%, but the transformer is still
feasible to operate. This can be caused
by contamination or leakage of current
in the transformer winding insulation,
so that further investigation is needed to
avoid worsening in other tests.

CONCLUSION

The results of the testing and calculation
of the polarization index in the

transformer 4 Sunyaragi substation
indicate the condition of the transformer
is feasible to operate.

Aside from that The test results and
average delta tangent calculations are in
good condition, but some counts exceed
the reasonable limit of CL mode.

The quality of the power transformer
insulation resistance based on the
polarization index test is still in good
condition because the test results are
between 1.25-2, so that the transformer
insulation resistance is still safe to
operate and the average delta tangent
test results are still well within the
desired standard of 0.5% , but there are
some tests that exceed the reasonable
limit, it’s CL. But the transformer is still
feasible to operate.
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