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To maintain the reliability of power transmission it is important
to detect the incipient fault of power transformer as early as possi-
ble. If the fault of a power transformer is not detected promptly, it
can evolve resulting in high repair costs or even failure of the pow-
er transformer and decreasing reliability of power transmission.
The most commonly used method for power transformer fault
detection is the dissolved gas analysis (DGA) of transformer oil.
Various methods have been developed to interpret the data of dis-
solved gas analysis, but not many are applicable for the detection of
the incipient fault.

The detection of the incipient fault of a power transformer is
included in both IEEE C57.104-2008 “Guide for the Interpretation
of Gases Generated in Oil-Immersed Transformers” and Standard
of Latvian Electrotechnical Committee LEK 118 “Transformer Oil
Inspection Standards”. In both standards, the limits of dissolved
gases in transformer oil are divided into levels, each correspond-
ing to different technical conditions of the power transformer in-
cluding the level that indicates the incipient fault. However, these
approaches vary to a great degree — one approach mostly indicates
that transformers are in good condition with several cases that
must be additionally evaluated, but the second approach mostly re-
sults in warning about the incipient fault, which must be confirmed
by additional evaluation.

The objective of this paper is to determine the most suitable ap-
proach to detect the incipient fault of power transformers. A case
study is provided, which includes analysis of DGA data of 48 power
transformers installed in the transmission network in Latvia with
both methodologies mentioned above for detecting the incipient
fault.
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INTRODUCTION

a transformer can cause larger incidents with
wide-ranging consequences. Many of power

A power transformer is an essential element in  transformers in the power transmission system
any power transmission system. It affects the re-  of Latvia have already been in service for 26-40
liability of the power system, and the failure of  years [1]; similar situation also is in the USA,
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Poland and elsewhere in Europe [2-4]. Therefore,
it is important to ensure safe operation of power
transformers and to detect the incipient faults as
early as possible, because when the age of the pow-
er transformer increases so does the probabili-
ty of failure [5]. The market now offers plenty of
sensors, on-line continuous monitoring systems,
analysis algorithms and software systems for eval-
uation of condition; however, there is no common
practice on how to convert a large amount of data
into useful and relevant information [6]. This prin-
ciple also applies to detecting the incipient fault of
a power transformer — operation and maintenance
data is accumulated yet a suitable approach has to
be selected for interpretation.

Dissolved gas analysis (DGA) is one of the most
widely used methods for the periodic assessment
of technical condition of oil-filled power trans-
formers, and DGA is also included in the major-
ity of on-line condition monitoring systems [7]. It
should be noted that the accuracy of the conclu-
sion about technical condition of a power trans-
former depends on the used DGA data interpreta-
tion method.

There are many methods for the evaluation
of DGA data, and the resulting conclusion about
technical condition of the power transformer may
differ significantly with each method. The wide-
ly used classic methods — Rogers method, IEC
method, Duval triangle method — mostly are not
applicable for the detection of the incipient fault
of a power transformer, because the obtained
combination of fault gas ratios can indicate one of
the fault types (e.g. partial discharge, discharge,
thermal fault) for normal operation if the dis-
solved gas concentration level (in ppm) is low [7].

The objective of this paper is to determine
the most suitable approach to detect the incipient
fault of a power transformer. In this paper, DGA
data of 48 oil-filled power transformers were anal-
ysed. These transformers are with the rated voltage
0f110/20 kV and all of them have an active on-load
tap-changer. The rated power of these transform-
ers is within the range from 6.3 MVA to 40 MVA.
The DGA data has been provided by the Latvian
Transmission System Operator (Augstsprieguma
tikls, JSC), and the data is from periodic tests, not
from the transformer on-line condition monitor-
ing system. For analysis one DGA data sample is
used; however, if additional assessment is required
2 DGA measurements are analysed for a particular
transformer. Since all transformers are approxi-
mately equally loaded, then the load is not used as
a criterion for DGA data interpretation.

STANDARD METHODS FOR INCIPIENT
FAULT DETECTION

Given that each country has a different size of
the power transmission system, different number
of consumers, construction and age of installed
power transformers, climate and other factors af-
fecting transformer operating conditions that can
influence the generation of dissolved gases in trans-
former oil, each country has adopted different fault
gas concentration limits in their power systems [8].

The technical condition assessment of power
transformers in Latvia is regulated by national
standard LEK 118 “Transformer Oil Inspection
Standards” issued by the Latvian Electrotech-
nical Committee in which the limits of fault gas
concentration are divided into 3 levels (Table 1).

Table 1. Dissolved gas concentrations in LEK 118 for 110-330 kV power transformers, ppm

Level H, CH, GH, | GH, | GH, (V) 0, TDCG Explanation
LI <60 <45 <1 <15 <30 350(400* <1500 100 No(;?jlar?ffi?::;n
L2 60-100 45-100 1-10 15-70 30-50 3(’:8;’28;: 1500-3800  100-315 .53522?233
T EEEE

*the values given in numerator are applicable for transformers with nitrogen gas blanket, and in denominator for transformers with free breathing

** the values given in numerator are applicable for transformers up to 10 years old, and in denominator for transformers older than 10 years; the values in

brackets are applicable for transformers with nitrogen gas blanket
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The methodology of LEK 118 states that the in-
terpretation of DGA data is carried out by evalu-
ating the concentrations of dissolved gases in oil
and with the Key Gas method, gas ratio methods
and Duval triangle method [9].

In the framework of this research DGA data
of 48 oil-filled power transformers has been inter-
preted by using the dissolved individual gas in oil
concentration limits stated in LEK 118. The results
are shown in Fig. 1, where C1 corresponds to nor-
mal operation of the transformer, C2 is detection
of the incipient fault, and C3 is detection of the ex-
isting fault. The results indicate that only for 10 of
48 transformers the condition is indexed as normal
operation, while other transformers were identified
either with an incipient or existing fault. The ob-
tained results conflict with real maintenance situa-
tion since additional tests or repair works were not
appointed based on DGA measurement results.

Cl C2 C3

Fig. 1. Results of DGA data interpretation by method recommended
in LEK118

The total dissolved combustible gas (TDCG)
concentrations for each level are listed in LEK 118
(Table 1), but these concentrations are not used
in the current DGA interpretation method. Since
the results indicate that alterations in the current
interpretation method are necessary, TDCG was
included as an additional evaluation parameter.

TDCG is the sum of total dissolved combusti-
ble gases in transformer oil - hydrogen H,, meth-
ane CH,, ethane CH,, ethylene CH, acetylene
CH, and carbon monoxide CO, except carbon
dioxide CoO,, because it is not combustible gas.
The amount of TDCG may indicate the existence
of combination of thermal and/or electrical faults
or any singular fault.

The application of TDCG as a parameter for
the evaluation of transformer condition is described

in standard IEEE C57.104 2008 “Guide for the In-
terpretation of Gases Generated in Oil Immersed
Transformers” [10]. In IEEE C57.104, 4 levels are
defined: Level 1 indicates normal operation of
the transformer, Level 2 is detection of the incipient
fault, Level 3 indicates increased suspicion of the in-
cipient fault, and Level 4 is detection of the existing
fault. The methodology of IEEE C57.104 states that
the interpretation of DGA data is carried out grad-
ually, and the first step is determining the value of
TDCG, followed by analysis of individual fault gas
concentrations. Any individual fault gas exceeding
Level 1 should prompt additional investigation by
the Key Gas method, gas ratio methods or determi-
nation of TDCG generation rate.

PROPOSED APPROACH FOR
THE EVALUATION OF DGA DATA

In the framework of this research TDCG was pro-
posed as an additional evaluation parameter to im-
prove reliability of the existing DGA data interpre-
tation approach recommended in national standard
LEK 118. It has to be noted that TDCG values rec-
ommended in LEK 118 are significantly lower than
the sum of combustible gases in each level (Table 1),
while in standard IEEE C57.104, TDCG values
slightly exceed the sum of combustible gases in each
level.

The limits of TDCG values shown in Table 2
and used for DGA data analysis of 48 oil-filled
power transformers are obtained by following
IEEE guidelines. The results of data interpreta-
tion are shown in Fig. 2 and indicate that for 42 of
48 transformers operation is indexed as normal,
which better complies with maintenance data.
However, in many cases at least one of fault gases
exceeds concentrations of Level 1, which implies
that further analysis is required. The trend of to-
tal dissolved combustible gas (TDCG) generation
rate and acetylene C H, concentration are pro-
posed as criteria for this additional evaluation.

Table 2. Proposed TDCG concentrations

Level TDCG, ppm
L1 <501
L2 501-860
L3 >860
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= LEK 118 TDCG concentration ™ Proposed TDCG concentration

C3

Fig. 2. Results of DGA data interpretation based on TDCG values

Fault gases may generate in greater amounts
during normal operation in transformers with
an on-load tap-changer (OLTC) than in trans-
formers without it, because contacts of OLTC
heat up during operation resulting in discharges
in transformer oil. Acetylene concentration for
Level 1 is only 1 ppm (see Table 1), so it has been
observed that acetylene concentration in trans-
formers with OLTC usually exceeds this value,
indicating an incipient fault although the oper-
ation of the unit is normal. To exclude the pos-
sibility of false alarm, additional acetylene con-
trol is proposed in this paper. A flowchart for
the proposed approach for the evaluation of
DGA data is shown in Fig. 3.

The first step of the proposed algorithm (see
Fig. 3) is indexing transformer condition based
on the value of TDCG - either it is Condition 1
(C1), Condition 2 (C2) or Condition 3 (C3).
The second step is the evaluation of individual
fault gases in transformer oil, and transformer
condition is defined more accurately - either
it is Condition 1 (C1*), Condition 2 (C2*) or
Condition 3 (C3%). In cases when Cn and Cn*
do not match, the third step of the proposed
approach is applied, which is additional evalu-
ation by the trend of total dissolved combusti-
ble gas (TDCG) generation rate and acetylene
C,H, concentration, and transformer condition
obtains either Condition 1 (C1**), Condition 2
(C2**) or Condition 3 (C3**).

VERIFICATION OF THE PROPOSED
APPROACH

To determine the most suitable approach for
the detection of the incipient fault of a power
transformer, case studies are provided, which
include analysis of DGA data of 48 power trans-
formers installed in the transmission network
in Latvia. Case study A represents the results of
DGA data interpretation with the approach pro-
posed in Fig. 3 and TDCG concentrations rec-
ommended in LEK 118; case study B represents
the results of DGA data interpretation with
the proposed approach, however TDCG concen-
trations recommended in LEK 118 are adjusted;
case study C represents the results of DGA data
interpretation with the proposed approach and
TDCG concentrations obtained by following
IEEE guidelines.

CASE STUDY A

At the first case study, DGA data of 48 power
transformers were interpreted by using the pro-
posed approach of DGA data evaluation (Fig. 3)
with the TDCG values and individual fault
gas concentrations recommended in standard
LEK 118 (Table 1).

Figure 4 represents the analysis of obtained
results, respectively the variance of the number
of transformers with detected conditions in each
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Fig. 3. Flowchart of proposed approach for the evaluation of DGA data
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Fig. 4. Results of DGA data evaluation in case study A
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step of the proposed approach. Figure 4 shows
that after the first step, the number of transform-
ers with normal operation (C1) is 8 units, but
faults are detected (condition C3) for 14 units
which corresponds with the results provided in
Fig. 2.

After initial analysis of individual fault gases
in the second step of the proposed algorithm it
was found that for 5 of 8 transformers in condi-
tion group Cl1 further analysis is required since
the level for individual fault gas was either L2
or L3 (see Table 1). The third step of the pro-
posed algorithm evaluation of TDCG trend and
the value of acetylene did confirm a possible in-
cipient fault only for 1 transformer. Following
the same principle, results for condition groups
C2 and C3 were obtained.

As a result, the number of transformers that
had been diagnosed with the existing fault (C3)
decreased by 10 units with the proposed ap-
proach of DGA data evaluation compared to
the results obtained by analysis of DGA data
only with individual fault gases recommended
in standard LEK 118 (Fig. 1). The number of
transformers that have normal operation in-
creased by 4 units, but there are still a number
of transformers which are detected with the in-
cipient fault.

CASE STUDY B

Another case study involves analysis of the same
DGA data with the proposed approach (Fig. 3);
however, in this case TDCG values were adjust-
ed. It was proposed to obtain TDCG values by
adding up lower concentrations of the interval
specified in Table 1 of individual combustible
fault gases. Proposed values are given in Table 3.

Table 3. Adjusted TDCG concentrations

Level TDCG, ppm
L1 <100
L2 100-500
L3 >500

The results obtained in each step of the pro-
posed approach are presented in Fig. 5; the re-
sults were analysed by the same principle as in
the chapter above. The number of transformers
that were detected with normal operation (C1)
is the same because the TDCG concentration of
Level 1 was not changed. However, the number
of transformers that were detected with the in-
cipient fault (C2) in the first step increased by
8 units, because the upper value of TDCG Lev-
el 2 concentration was increased.

It can be observed that after completing
the last two steps of proposed DGA data eval-
uation approach, the number of transformers in
each group is the same as in case study A. But
the use of adjusted TDCG concentration al-
lowed decreasing the number of transformers
that must be additionally evaluated in the third
step.

CASE STUDY C

The last case study involves analysis of the same
DGA data with the proposed approach (Fig. 3),
but the TDCG values used in this case study are
given in Table 2. These values are obtained by
adding up the upper concentrations of the inter-
val specified in Table 1 of individual combus-
tible fault gases. The obtained results in each
step of the proposed approach are presented in
Fig. 6.

Cn
Cn* 4 .
Cn** 1

uCl

34
-
C2 m(C3

Fig. 5. Results of DGA data evaluation in case study B
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Fig. 6. Results of DGA data evaluation in case study C

It can be observed that in the first step of
analysis the majority of transformers are indexed
with normal operation (C1) which is completely
opposite if compared to case study A and case
study B. But after the evaluation of DGA data
in the second and the third step of the proposed
approach, the number of transformers in this
condition group C1 decreased by nearly 40%.

ANALYSIS OF THE RESULTS

The results obtained are compared with the re-
sults if the method recommended in the na-
tional standard is used (see Fig. 7). It can be
observed that in case study A and case study B
there are many transformers that were detected
with the incipient fault. This can be explained by
low concentrations of fault gases recommend-
ed in standard LEK 118. The proposed TDCG
concentration values in case study C allowed to

reduce the number of transformers that were
diagnosed with the existing fault (C3) if com-
pared with the obtained results with the current
method recommended in standard LEK 118. But
it was observed that the approach used in case
study C is not so effective, because the number
of transformers that must be additionally eval-
uated in the second and third step of the pro-
posed approach for the evaluation of DGA data
increased. Furthermore, by using the proposed
TDCG concentrations in case study C, it is easier
to miss the transformers that could have the in-
cipient fault compared to the adjusted concen-
trations in case study B.

CONCLUSIONS

The approach for the evaluation of DGA data
based on the Key Gas method that is recom-
mended in national standard LEK 118 is not

C1

® Current method

C2

m Case study A, B

C3
Case study C

Fig. 7. Results of DGA data evaluation with different approaches



Study of approaches to incipient fault detection in power transformer by using dissolved gas analysis 73

efficient for the detection of the incipient fault in
a power transformer. A different multi-step ap-
proach based on ideas of standard IEEE C57.104
is proposed, where the first step is the evalua-
tion of TDCG value, followed by the evaluation
of individual fault gases in the second step and
additional analysis of acetylene concentration
and trend of TDCG generation rate in the final
step. The proposed approach allowed decreasing
the number of transformers that were mistak-
enly diagnosed with the existing fault, although
their operation was normal.

It is proposed to adjust the upper value of
TDCG concentration from 315 ppm to 500 ppm
for Level 2 since it resulted in a reduced number
of transformers that must be additionally evalu-
ated by the proposed approach without chang-
ing the proportion of units in each condition.
The proposed values of TDCG concentration
used in case study C require further research be-
cause they provide a significantly higher number
of transformers with normal operation (C1).
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PRASIDEDANCIO GEDIMO NUSTATYMO
GALIOS TRANSFORMATORIUJE TYRIMAI
NAUDOJANT ISTIRPUSIU DUJU ANALIZE

Santrauka
Siekiant uztikrinti elektros perdavimo tinklo patiki-
mumg yra svarbu kuo anksciau aptikti prasidedantj
galios transformatoriaus gedima. Jeigu galios trans-
formatoriaus gedimas greitai neaptinkamas, jis gali
iSplisti ir sukelti dideliy remonto i$laidy arba netgi
transformatoriaus avarija, sumazinti perdavimo tinklo
patikimuma. Dazniausiai naudojamas metodas galios
transformatoriaus gedimui nustatyti yra transforma-
toriaus alyvos iStirpusiy dujy analizé. I$tirpusiy dujy
duomeny interpretacijai buvo sukurta jvairiy metoduy,
taciau tik nedaugelis i$ jy yra tinkami prasidedan¢iam
gedimui aptikti.

Prasidedancio galios transformatoriaus gedimo nu-
statymas yra jtrauktas j standartus IEEE C57.104-2008

»Alyviniuose transformatoriuose susidaranciy dujy

vertinimo vadovas“ ir Latvijos elektrotechnikos ko-
miteto standarta LEK 118 ,Transformatoriy alyvos
patikros normos®. Abiejuose standartuose transfor-
matoriaus alyvoje i$tirpusiy dujy leistinos ribos yra
skirstomos j lygius, atitinkancius skirtingas transfor-
matoriaus technines bukles, jskaitant lygj, kuris zZymi
prasidedantj gedima. Taciau $ios metodikos labai ski-
riasi - viena dazniausiai nurodo, kad transformatoriai
yra geros buklés tam tikrais atvejais, kurie turi buti pa-
pildomai jvertinti, o kita metodika paprastai perspéja
apie prasidedantj gedima, kuris turi bati patvirtintas
papildomu jvertinimu.

Sio straipsnio tikslas — nustatyti tinkamiausig me-
todika, leisiancia aptikti prasidedantj galios transfor-
matoriaus gedimg. Pateikiamas tyrimo pavyzdys, ku-
ris apima iStirpusiy dujy duomeny analize 48 galios
transformatoriuose, jrengtuose Latvijos perdavimo
tinkle, remiantis abejomis anks¢iau minétomis meto-
dikomis prasidedanc¢iam gedimui nustatyti.

Raktazodziai: galios transformatoriai, iStirpusiy

dujy analizé, prasidedantis gedimas, patikimumas



