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Abstract

SFRA (Sweep Frequency Response Analysis) is a transportation test
where one of the purposes of this test is to ensure that the core of the power
transformer does not shift due to the journey from the factory to the field.
The SFRA testing is divided into 4 frequency range areas from 20 Hz to
20 MHz and this research is focused on the frequency range below 2 KHz,
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that there is a problem in the area power transformer core, before drawing
a final conclusion that there is a problem or deformation in the transformer
core, you must look at the results of other tests carried out in the field such
as ratio test, winding resistance test, tangent delta test, excitation current
test, insulation resistance (megger test). ) winding and core-frame as well
as impact recorder data during the journey from the factory to the field. If
all other field test results are good then the power transformer is still in
good condition and ready to operate and the difference in the graph at a
frequency of less than 2 KHz in the SFRA test during SAT compared to
when FAT is likely to be caused by residual magnetism that is still on the
core side due to testing. DC before or. Residual magnetism can occur due
to static electrical phenomena due to the oil purification process or due to
the induction effect of the network grounding system where the power
transformer is placed.
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special test carried out on transformers which is carried
out during the Factory Assessment Test (FAT) and after
the transformer arrives in the field. There are often
differences in measurement results in SFRA testing,
especially at low frequencies below 2kHz and this is a

l. INTRODUCTION

The transformer is one of the most important and most
expensive equipment in the electrical transmission and

distribution system and to ensure that the power
transformer is made according to specifications and has
good quality, testing must be carried out, there are
several tests carried out on the transformer before being
sent to the field, be it a special test, type tests or routine
tests. Sweep Frequency Response Analysis (SFRA) is a

Journal of Engineering and Scientific Research (JESR) Vol 6, Issue 2, December 2024

customer question why this happens [1].

Sweep Frequency Response Analysis (SFRA) is one
of the transport tests. SFRA testing is carried out before
the delivery of the power transformer during the Factory
Assessment Test (FAT) and after the transformer has
been seated on a permanent foundation during the Site
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Assessment Test (SAT) [2]. The test results before
transportation are used as a reference for the results of
the SFRA tests afterward. The main purpose of SFRA
testing is to determine the physical condition of the
transformer, which is to ensure that the internal
components of the transformer do not change due to the
transportation process or change due to an electrical
internal fault when the transformer is operating [2][3][4].
SFRA is a good method for evaluating the
mechanical structural integrity of the core, windings and
clamping of transformers by measuring the electrical
transfer function over a wide frequency range [5], testing
SFRA is also one of the parameter methods. In
determining the health of a power transformer [6][7][8],
Frequency Response Analysis (FRA) is a comparison
method, evaluating the condition of the transformer by
comparing the data that has been obtained with the same
reference transformer in good condition [9]. There are
two methods used to analyze the mechanical condition of
the transformer, namely Sweep Frequency Response
Analysis (SFRA) by injecting AC (Alternating current)
voltage with adjustable frequency which is connected to
each phase (High voltage) HV and (Low voltage) HV.)
LV in open circuit condition [4]. The second method is
Impulse Frequency Response Analysis (IFRA) by
injecting an impulse into each HV and LV phase with
open circuit conditions. In this discussion, we will only
discuss the SFRA method [10]. Figure 1 described main
components of transformer are core and winding [11].

Figure 1. Inside power transformer [3].

Figure 2 described Schematic of SFRA testing for
transformer.
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Figure 2. Schematic of SFRA testing [10].

1.1 SFRA Measurement Area

Based on previous experience and research as well as
the standards wused as reference for SFRA
measurements, both IEEE [12] and IEC [13] describe
and map 4 (four) frequency range regions that have
different sensitivity to deformation or changes in the
mechanical integrity of the power transformer as
shown. in table 1.

Table 1. The distribution of the frequency range and
sensitivity in SFRA measurements [14].

Area | Range Component | Sensitive failure
Transformer
1 < 2kHz Core sensitive to
deformation
core, open
circuit, shorted
turn and residual
magnet
2 2kHz — | Between sensitive to
20kHz windings deformation
between
winding to other
winding
3 20kHz — | Structure sensitive to
400kHz | winding deformation in
structure
winding
4 400kHz | Winding tap | sensitive to
—2MHz | and test | position lead
winding winding and
lead test

1. MATERIALS AND METHODS

In this study, sampling of test data at the manufacturer,
sampling of test data in the field, comparison of data
samples and analyzing the compared data samples [15].
The software, equipment, and power transformer data
samples used in this research and analysis are as
follows:
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1. Software Microsoft excel

Laptop DELL Latitude 5480

3. The Sample data testing during FAT and SAT
is Power Transformer 45 MVA 132/11kV
Vector Group Dyn1

N

Analysis Procedure
The analysis on the Sweep Frequency Response
Analysis (SFRA) test is used for the Core Deformation
Assessment (Core) on the Power Transformer carried
out at PT. X until the conclusion is made with the
following stages [16]:
1. Literature study.
2. Preparation of equipment and software.
3. Sampling of SFRA test data during FAT at PT X.
4. Sampling of SFRA test data during SAT that has
been sent to PT X.
Input the SFRA test sample data during FAT
Input the SFRA test sample data during SAT
7. Compare the deviation of FAT and SAT data at
frequencies < 2kH
8. Analyze the comparison results with other test
results
9. The conclusions of research.

o o

1. RESULTS AND DISCUSSIONS

There are differences in the results of the SFRA test on
the Power Transformer 45 MVA 132/11kV Vector
Group Dynl when testing at PT.X during the Factory
Assessment Test (FAT) and during testing in the field
during the first Site Assessment Test (SAT) and the
second SAT for ensure the difference. The following
shows the differences in testing between the SFRA test
at the time of the first FAT and SAT conducted on
August 26, 2019 as follows: at Figure 3 described
comparison of SFRA during FAT and SAT first time
between HV phase A and B.
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e

| Figure 3. Comparlson of SFRA FAT and SAT 1st
between HV Phase A-B

Figure 4 described comparison of SFRA during FAT
and SAT first time between HV phase B and C.
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7 Flgure 4. Comparlson of SFRA FAT and SAT 1st
between HV Phase B-C

Figure 5 described comparison of SFRA during
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Figure 5. Comparison of SFRA FAT and SAT 1st
between HV Phase C-A

Figure 6 described comparison of SFRA during FAT
and SAT first time between HV phase A and LV phase

| Figure 6. Comparlson of SFRA FAT and SAT 1st
between HV Phase A & LV Phase a

Figure 7 described comparison of SFRA during FAT
and SAT first time between HV phase B and LV phase
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Figure 7. Comparison of SFRA FAT and SAT 1st Figure 10. Comparison of SFRA FAT and SAT 1st

Figure 8 described comparison of SFRA during
FAT and SAT first time between HV phase C and LV

Figure 11 described comparison of SFRA during
FAT and SAT first time between LV phase ¢ and
neutral.

Flgure 8. Comparlson of SFRA FAT and SAT 1st
between HV Phase C & LV Phase ¢ Figure 11. Comparison of SFRA FAT and SAT 1st

. . ) ) between LV Phase ¢ & neutral
Figure 9 described comparison of SFRA during

FAT and SAT first time between LV phase a and From the above comparison, the deviation was on

<2 kHz area (core side). It was assumed due to
remaining flux on core side during SFRA measurement
at site.

The following shows the differences in testing
between the SFRA test during the FAT and the second
SAT which was conducted on 27 August 2019 and also
compared to the first SAT which was conducted on 26
- August 2019 as follows: at Figure 12 described
< == comparison of SFRA during FAT and SAT second time
between HV phase A and B.

— e e — = [y

Figure 9. Comparison of SFRA FAT and SAT 1st
between LV Phase a & neutral

Figure 10 described comparison of SFRA during FAT
and SAT first time between LV phase b and neutral.

Figure 12. Comparlson of SFRA FAT and SAT 2nd
between HV Phase A & B
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Figure 13 described comparison of SFRA during FAT
and SAT first time and SAT second time between HV
phase A and B.

Figure 13. Comparlson of SFRA FAT and SAT 15t
and SAT 2nd between HV Phase A & B

Figure 14 described comparison of SFRA during SAT
first time and SAT second time between HV phase A
and B.

S il

Flgure 14, Comparlson of SFRA SAT 1%t and SAT
2nd between HV Phase A & B

From the above comparison:

e There was deviation on <2 kHz area (core side)
between FAT and SAT 2nd. The deviation was
same as deviation between FAT and SAT 1st.

e The graph between SAT 1st and FAT 2nd was
same (overlay).

o We assume the remaining flux inside core side
was still there during SFRA measurement at
site although we already try to demag the active
part and or grounding lead issue.

e SFRA re-measurement using another SFRA
test set brand such as OMICRON or MEGGER
is an option.

The other data of power transformer at site for take
decision and conclusion from the above comparison
SFRA test such as;

e Data of shock log recorder of transformer
indicated no significant impact during
transportation

e Other site tests show a good result, such as;
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o Insulation Resistance of Winding
Insulation Resistance of Core-Frame to
ground

Turn or Voltage Ratio test

Winding Resistance measurement
DLA of winding and bushing test
Excitation current test

Impedance test

e}

O O O O O

V. CONCLUSIONS

Refer to the SFRA figure and other site tests such as
Insulation Resistance of Winding and Core-Frame to
ground, Turn or Voltage Ratio test, Winding Resistance
measurement, DLA of winding and bushing test and
excitation current test which show a good result and
also data of shock log recorder which indicating no
significant impact during transportation, we conclude
that transformer is on healthy condition and there is no
evidence of core damage and no deformation on the
active part structure inside the transformer winding.
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