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Introduction

Detection of the faults in their early stage provides high coefficient of readiness of electrical
equipment, including power transformers, as it makes possible to perform necessary precautionary
measures in time. Variety of different diagnostic methods and assessment criteria can be applied in
practice, however dissolved in oil key gas (hydrogen H,, methane CHy4, ethane C,Hg, ethylene
C,Hy, acetylene C,H,, carbon monoxide CO, carbon dioxide CO,) analysis (DGA) is rated as the
most important and the most informative method for transformer’s technical condition assessment
[1,2,3]. DGA gives large and reliable information on unit’s technical condition, on type of
possible defect and it’s progressing rapidity, furthermore it is provided and suitable for technical
condition assessment of loaded transformer. DGA method’s accuracy is high; it is possible to
ensure reiterative measurements, unsophisticated data processing and summarizing in databases
makes DGA method appropriate for the use in expert systems.

Since not sufficiently performed interpretation of the DGA results can lead to unit’s failure and
significant economical losses, the analysis and interpretation of the DGA results should be
performed accurately and precisely. DGA data interpretation methods can be divided into 3 groups:

— Methods based on key gas concentration limits, that mainly prescribe comparison of
current DGA data sample with definite gas concentration limits, thus gaining initial
unit’s technical condition assessment, mostly the information about the existence of the
defect;

— Key gas ratio methods, that prescribe analysis of various key gas ratios (such as CH4/H»,
C,H,/C,H4, CO,/CO, C,H,/H; etc.) to determine the type and progressing rapidity of the
possible defect in power transformer;

— Artificial intelligence methods (expert systems, fuzzy logic, artificial neural networks),
that prescribes automatic DGA data processing, consideration of unit’s specific features,
maintenance history, working conditions and other information, thus increasing accuracy
of unit’s technical condition assessment.

Influence of transformer’s maintenance and other factors on the interpretation of DGA
results

There are numerous different DGA interpretation methods. Dornenburg interpretation method,
Rogers Ratio method, Duval Triangle method, key gas ratio method in the standard IEC 60599,
Total dissolved combustible gas TDCG method (standard IEEE C57-104), and logarithmic
nomograph method is rated as most commonly used. Unfortunately not a single one-interpretation
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method can be used for all-purpose application [4]. Expected lifetime and possible defects of
power transformers varies widely depending on the manufacturer’s design, quality of assembly,
materials used, operating history, current operating conditions and current unit’s age, maintenance
history, and other factors. Thus the interpretation of the DGA results is complex and complicated
operation, and still information about amounts of key gasses dissolved in oil can’t come up with
full account on transformer’ technical condition.

There are 4 basic variations of DGA data interpretation, as shown in Table 1.

Table 1.
Basic condition of DGA data interpretation
Condition Key gas concentration limits exceeded Presence of
defect in unit
Si No No
S, Yes No
S3 No Yes
Sa Yes Yes

All these conditions can be observed in practice, though condition S;, when key gas concentration
limits based on standards or other diagnostic methods are not exceeded but at the same time there
is a defect in the unit, is the most undesirable condition. Primary cause of the condition Ss is long-
drawn, low compared to rated, load of a particular power transformer [5].
Relatively low loading is one of the main specific features of power transformer’s maintenance in
Latvia since in the time period from 1991 to 1993 there were rapid decrease of electrical energy
consumption, and today at an average the loading of transmission network and substations reach
60 %. In accordance with above mentioned higher possibility of defect in a unit even if key gas
concentration values don’t exceed definite levels, additional caution should be applied at
interpretation process of DGA data from power transformers whose loading are low [6].
As very important aspect that can influence the results of DGA data interpretation is the fact that
approximately one third of power transformers in Latvia have operated above their rated working
life. As one of the possible versions how to consider current age of power transformers during
interpretation of the DGA results is to estimate and to apply coefficients for separate groups of
power transformers with varied age, as, for example, less than 25 years, 25-30 years, 30-45 years,
and more than 45 years. Thus dissimilar technical condition assessments and different types of
possible defects can be determined for power transformers with identical DGA data sample but
with different current age.
Commonly for the interpretation of DGA results various measures can be used such as:

— Key gas concentration limits prescribed in standards like IEC 60599 and IEEE C57-104;

— Interpretation methodologies worked out by concerns;

— DGA data from factory tests for new equipment;

— Acceptable key gas amplitudes from previous measuring for particular operating unit;

— Typical gas concentration limits etc. [3].
Condition numbers for dissolved gases given in international standards are tentative and relatively
conservative. There are numerous researches such as [7, 8, 9] that show necessity of modifying
and differentiate gas concentration levels. Mostly it is recommended to increase these limits, since
liberalization of energy market and elevated competitive conditions require a conversion from
previously scheduled repair system to a more operative repair system based on units’ technical
condition prognosticating also unit’s work with acceptable risk level. The necessity of limits
differentiation in accordance with transformer’s construction is based on the aspect that specific
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features of particular unit such as age, working conditions in power system, loading etc. haven’t
been considered in the international standards.

Since the year 1999 specialists from joint stock Company “Augstsprieguma tikls” perform
dissolved gas analysis of oil samples with periodicity twice a year. Thereby DGA sampling
database unfortunately isn’t large. DGA data interpretation methods worked out by different
enterprises generally are based on particular transformers’ testing and maintenance history of
several decades, therefore some difficulties can occur identically adapting these methods in our
power system. Another important aspect is that there is a lack of factory DGA testing data for
unit’s installed before 1999, which successfully is used as initial point of reference. Thereby the
improved DGA interpretation method which analyses the average key gas (H,, CHa, C;Hg, CoHy,
C,H,, CO, COy,) concentration limits of similar units (with the same design, construction, installed
capacity, age, operating in similar environment) and take into consideration above mentioned
main specific features of power transformer’s maintenance could be perspective in use in Latvia.

Calculation method of average key gas limits

The probability of having a defect in power transformer is related to gas concentration levels.
Below certain concentration levels, the probability of having a failure is lower, thus significant
primary assessment information can be obtained by calculating individual key gas concentration
limits as diagnostic criterion. The probability of having a failure may increase at values much
above these limits, and for even though it may never occur; the risk of having one is high.
Accordingly for the purpose of monitoring transformer technical condition preferable to mark out
units with probable defects, that requires more often DGA sampling. The less are these gas
concentration limits the larger amount of power transformers will be marked out for intensified
control, and vice versa.

The probability of the appearance frequency of all seven key (H,, CH4, C;Hs, CoHy, C;H,, CO,
CO;) gases has to be calculated. If the selection size n <100, the size of interval ¢ can be
determined by formula (1)
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where A4;,,,, — maximum value of a particular key gas;
Ajmin — minimum value of a particular key gas.
But if n>100, then size of interval ¢ can be found by formula (2)
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The probability P,, which characterizes the appearance frequency of particular gas concentration,
can be found by formula (3)

P 3)

T - total amount of transformers;

p; = % , n; —appearance frequency of particular gas concentration;

n — selection size.
Individual key gas concentration limits are calculated as integral function (4).
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where k < n.

Case study

To increase the accuracy of diagnostic criterion based on dissolved in transformer’s oil key gas
average limits units are divided into several groups in accordance with:
— Transformer’s age since isolation parameters changes in the course of time and thus indications
of the DGA measurements may differ;
— Transformer’s construction (similar rated voltage, capacity, working conditions including the
loading);
For the purpose of this research 230 110 kV power transformers in Latvian transmission network
were subdivided into following 5 age groups:
— 1™ group — units whose working life is 0-9 years;
— 2™ group — units whose working life is 10-19 years;
- 34 group — units whose working life is 20-25 years;
— 4 group — units whose working life is 26-30 years;
— 5" group — units whose working life is over 30 years.
Such classification was chosen since it gives possibility to analyze the DGA data separately for
new transformers (1% and 2nd group), for units’ whose rated working life draws to an end that in
accordance with [10] is 25 years (3rd group), for unit’s that slightly exceed rated working life (4th
group), and finally for unit’s that exceed rated working life for more than 5 years (5th group).
Table 2 shows calculated the most probable average key gas concentration limits for 110 kV power
transformers in transmission network in Latvia

Table 2.
The most probable average key gas concentration limits
Key gas Average key gas concentration limits, ppm
0 -9 years 10 -19 years | 20 -25years | 26 — 30 years > 30 years
Hydrogen (Hy) 14 5 8 13 28
Methane (CH,) 2 5 7
Ethane (C,Hy) 2 1 4
Ethylene (C,H,) 15 6 36 56 56
Acetylene (C,H>) 9 4 14 32 9
Carbon monoxide (CO) 350 136 220 373 398
Carbon dioxide (CO,) 2476 942 1473 1851 2476
99 184 541 618 886
data samples | data samples data samples data samples data samples
Conclusions

1. Study of scientific research papers shows that variety and dissimilarity of different DGA
data interpretation methods can be applied in practice, unfortunately not a single one-

interpretation method can be used for all-purpose application.
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2. There is higher probability of having the most undesirable condition, when key gas
concentration limits based on standards or other diagnostic methods are not exceeded but at
the same time there is a defect in the unit.

3. The improved DGA interpretation method which analyses the average key gas
concentration limits of similar units and take into consideration unit’s age and above-
mentioned main specific features of power transformer’s maintenance could be perspective
in use in Latvia.

4. Calculated the most probable concentration limits are useful diagnostic criterion since for
the purpose of monitoring transformer technical condition it is preferable to mark out units
with probable defects. If the measuring results show significant, rapid and steady (observed
in several measurements) increase of key gases in comparison with determined values
additional supervision would be desirable.
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Vitolina S., Dirba J. GHA datu interpretacijas metodes pilnveidoSana lieljaudas transformatoriem Latvija.

Raksta analizéta elld izskiduso defektu gazu hromatogrdfijas (GHA) piemerotiba slogotu lieljaudas transformatoru
tehniska stavokla kontrolei, nemot véra agregata ekspluatacijas ipatnibas. Analizéta Latvijas transformatoru
ekspluatacijas apstakju un ipatnibu, no kuram svarigakais ir liels novecojusu agregatu ipatsvars, relativi zemad
parvades elektrotikla noslodze, ka art vésturisko GHA datu iztrikums, ietekme uz GHA rezultatu interpretésanu.
Balstoties uz So ekspluatacijas ipatnibu analizi, raksta secinats, ka perspektiva Latvija varétu tikt izmantota uz lidzigu
agregatu (vienadas konstrukcijas, jaudas, vecuma agregatu, kuri darbojas aptuveni tados pasos ekspluatacijas
apstaklos) galveno defektu gazu (H,, CH,, C,Hs C,H, C,H, CO, CO,) koncentraciju vidéjo veértibu analizi balstita
GHA rezultatu interpretacijas metodika.

Raksta dots aprekinu piemérs — galveno defektu gazu koncentraciju videjo vertibu apréekins Latvijas parvades sistemas
110 kV lieljaudas transformatoriem.

Vitolina S., Dirba J., Improvement of DGA interpretation method for power transformers in Latvia.

The authors consider the adequacy of dissolved-in-oil gas analysis (DGA) as a diagnostic criterion for technical
condition estimation of loaded power transformers. The consideration also concerns such peculiarities of the
maintenance of power transformers in Latvia as the great number of outdated units with the expired term of service
life, relatively low loading of transformers (which makes it difficult to estimate their technical condition), and the lack
of historical DGA data. These peculiarities are given particular attention.

The improved DGA interpretation method is based on the estimation of the mean concentration values for the main
defective gases (H,, CH, C,Hs, C;H,, C;H,, CO, CO,) at similar plants (of the same design, installed capacity, age,
and ambient). The authors show that the proposed method can successfully be used in Latvia. In the paper, an
example is given for calculation of the mean concentration values of the main defective gases for the 110kV power
transformers.

Bumonuna C., Jupoa C., Ycosepwiencmeosanue memoouku unmepnpemavuuu Oauuwvlx XAPI' ona cunoevix
mpancgopmamopos ¢ Jlameuu.

B oaunoii cmamve npoananusuposana npucooOHOCmb XpOoMamozpapuuecko2o aHaiu3a pacmeopeHHblx 8 Macie 2a308
(XAPI) ons mexHuyecko2o KOHMPOIs — COCMOAHUSL HASPYICEHHBIX CUNOBbIX MPAHCHOPMAMOpPO8 ¢ yuemom
ocobennocmetl dKcnayamayuy. B cmamve ananusuposanvl makue ocHo8Hble 0COOEHHOCMU IKCHIYAMAYUU MOUJHBIX
cunogvix mpaucopmamopos 6 Jlameuu, Kak OobWIOE UYUCIO YCMAPESUWIUX a2pecamos C NPOCPOUEHHbIM
HOPMAMUBHBIM CPOKOM CIYAHCObL, OMHOCUMENLHO HeOONbUdAs 3a2PY3KA MPAHCHOPMAMOPO8, KOMOPAs YCIONHCHAEM
OYeHKY e20 COCMOSIHUSL U OMCYMCMBUsL ucmopuyeckux oanuvix XAPI. Dmum ocobennocmsam 00#CHO Obimb YOeneHo
ocoboe sHumanue unmepnpemupys pesyaibmamol XAPI.
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Ha ocnosanuu uccneoosanus dKkCniyamayuoHHbIX 0COOEHHOCMEN CULOBbIX MPAHCHOPMAMOpPos, 8 cmamve COelaHo
3akmouenue, umo 6 Jlameuu mooicem Ovblmb UCNONB306AHA Memoouxka uHmepnpemayuu pesyivbmamos XAPI
OCHOBAHHASL HA AHANU3E CPeOHUX 3HAYEeHUl KOHYyeHmpayuu enasnulx oegpexmuwix 2azos (H, CH, C,Hs; C,H, C,H,
CO, COy) cxooxcux acpecamod (0OUHAKOBBLIX KOHCMPYKYUL, MOWHOCIU, B03pACmd, padomaiowux 6 noooOHOU
oKpydicaioueli cpeoe).

B cmamwve oan npumep pacuema cpeOHux 3HaAUeHUN KOHYEHMPAYUU 21AGHbIX OeeKmHbIX 2a306 O CUNLOGIX
mparncgopmamopos 6 cemu 110 kB Jlamsuu.
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