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Abstract— This paper presents a program development for aalyars of power transformer oil testing results.eTh
Dissolved Gas Analysis (DGA) method is applieds Thethod is generally used to determine transforoogdition
and failure causes by analyzing quantities of costible gases in oil. The DGA method consists cfetwell known
methods as the key gases method, the total comleugtses method, and the ratios method. In additioe failure
pattern and reliability of transformer componeni® analyzed by applying statistic methods as Weittigtribution
and Normal distribution methods. Different casegoiver transformers were examined in this papetdkyng the
historical data of power transformers into consialéon. Finally, the failure rate and reliability gfower transformer
components are determined. This program developmatdsigned to be a tool for systematic databaseagement
and failure analysis program on web-applicationdetermine the criticality of power transformer campnts. The
strategy and process for preventive maintenancebeauilt up from causes of failure to improve potk@nsformer as
well as system reliabilities.

Keywords— Asset management, condition monitoring, dissolveglas analysis, failure statistics, power transfornre preventive
maintenance.

evaluation. Thus, this following method is setup fifst,
1. INTRODUCTION the DGA method is selected to evaluate the transfor
condition because this method can performed without
service interruption and indicated nearly actualditon
of transformer because of the up to date resule Th
scattering failure events are systematically reedrand
its database is subsequently setup. Then, therdailu
analysis is statistically performed to determine teak
component of transformer. Moreover, the expected
lifetime of transformer components is determined by
using Weibull and Normal distributions for sparertpa

Power transformer is one of the important equipnient
an electrical power system. Its functions are &msfer

an electrical power and change voltage levelsastiigh
cost and high weight equipment, which is usuallgdus
for 20-25 years depending on its life time desidh [
Practically after a new power transformer is opstah

an electrical power system, it has been slowly aldeq.
Abnormal conditions such as overload, lightningkss,
over voltage, harmonics and short circuit eventpaich
significantly to aging of a power transformer uffiillure
occurred. The failures are dangerous for operating
personal from firing explosion and others, whenesev
fault is taken place. In addition, there are enwvinent
impacts as oil leakage and supply interruption umdag_ 2> WORKING PROCEDURE

area. Those affects on both economics and statufity

country. Thus, it is extremely necessary that thevgy The working procedure for this paper is as follows.
transformer should be provided an appropriateFirstly, the scattering technical data from presiou
maintenance to maintain availability and relialilin maintenance and historical testing record are péthi
operation [2], [3]. Preventive maintenance on powerand used for database setup and systematic record.
transformer has been performed following the tianél
method using pre-determined time  schedule.
Transformer testing and maintenance are regularly

I
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performed with good knowledge and experiences. ~ QL.

However, testing results are scattered and not @/) I
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prevent the repeated failure. Next, the web aptilinas
applied to grant the remote access of maintenafficero
to central data.

systematically recorded. This leads to very higst @nd
long time in service for maintenance because of
insufficient and inappropriate data used for cdodit Viebrage

Apache
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management. The known causes of failure are used to
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Secondly, webpage is designed for practical andoverheated cellulose with carbon monoxide (CO) as a
convenient usage. It is performed using web apfica  key gas.
and relational database. In Fig. 1, the web apjica .
design, PHP language, apace server and PhpMyAdmirTOtal Combustible Gases Method
program is developed for database management. The total combustible gases method provides thghrou
Thirdly, power transformer models are selecteditier  estimation of power transformer degradation and
study based on the available technical data fromabnormal condition by analyzing the amount of gasse
maintenance, historical testing record and numifer o from oil testing. For example, if hydrogen in saewbil
power transformer in service. is in between 0-500ppm, it indicates satisfactory
Fourthly, the scattering existing data according to operation; however, if hydrogen is more than 1000pp
region, location, manufacturer and rating and et a it indicates corona occurred in power transformer.
classified. The failure data are divided into magoxd  Similarly, when ethylene in oil shows the value in
minor failures by their definitions before recorglimto between 0-20ppm, it is in satisfactory operation;
the database. however, when ethylene is more than 150ppm, this
Next, the technical data, which is performed by the means severe overheating happened in the transforme
analysis of the existing maintenance data for failu Other key gases as acetylene and carbon monoxide,
statistic and historical testing data for condition when they are found more than 70ppm and 1,000ppm,
evaluation, are analyzed. In data analysis, theep¢age the transformer faces arcing and severe overheating
of component failure is calculated and condition problems, respectively.
evaluation is performed by using the Dissolved Gas .
Analysis (DGA) method [4]-[6]. By this mean, the The Ratio Method
failure pattern and deterioration trend can be of#ge  The ratio method is separated into two differetibsafor
and protected. The DGA historical testing resulit lve transformer oil testing results analysis, which are
interpreted by key gas method [7] and verified bfalt  Dornenburg ratio method and Rogers ratio method [7]
combustible gas [7], the amount of key gas [7], [8]. The Ddrnenburg ratio and Rogers ratio methads
Dornenburg and Roger ratio methods [8]. Additiottal used in the analysis. The Dérnenburg ratio indiate
this step, Weibull and Normal distribution statsti three of the four ratios of CHH,, CH,/ C,CH,,
methods are applied to find the failure rate anstem C,H,/CH, and GHg¢/C,H,. Therefore, the results will fit
reliability caused by each component. Compared tointo three analysis categories of thermal decontiposi
expert system, this program is less complex anisiei  corona with low intensity partial discharge, andirag
for a rough analysis to predict possible problem of with high intensity partial discharge. The Rogetias
transformer. However this program should be indicate the two of the three ratios of,Hz/C,H,,
subsequently improved by adapting the analysis thigh  C,H,/H,, C,;H4/C,He. The result will fit into four analysis
expert system. categories as low energy density arcing with plartia
Finally, the maintenance activities can be optignall discharge problem, arcing with high energy density
specified from component criticalities, failure sas. discharge, low temperature thermal, and high
Therefore, the aging pattern and trend of the poweremperature thermal.
transformer deterioration can be determined. Tliseltre _ - .
is used to determine the suitable maintenanceigesy -2 Fallure Statistic Analysis
according to component failure, component condition Generally, the failure data of power transformes baen
and demand. Moreover, the failure rate of powerpresented as event reports. It was usually recolyed
transformer can be reduced by implementing thepreventive maintenance officer of the utilitiesnsisting
preventive measure according to the known causes opf date, time, location, transformer rating, impoxte

failure. failure details and repair/replacement measures Th
details of failure are classified into two categsrias
3. BASIC THEORY major/minor failure in order to divide the groupfaflure

data. The major failure is defined as an unplanned
service interruption of equipment caused by a tzatne
The historical testing record has been analyzeddiryg or more fundamental functions with or without syppl
the DGA. This method is generally used to determineinterruption. This results in a sudden change istesy
transformer condition by analyzing quantities of operating conditions and requires non-scheduledirep
combustible gases in oil. The DGA method consi$ts o action [9]. The minor failure is defined as a détector
three well known methods as key gases method, totalamage on equipment, which does not lead to acservi
combustible gases method, and ratios method. interruption of equipment. It is not either immediz
required a repair action or even could be repaigd
Key Gases Method scheduled maintenance measure [9].
The key gas method can basically classify the foto In the analysis, life time is defined as the tirhatt
cases abnormal key gas conditions; firstly arcimgpii product operated successfully or the time that pcod
with acetylene (gH,) as a key gas, secondly corona in operated before it failed, measured in hrs, miles e
oil with hydrogen (H) as a key gas; thirdly overheated Before life data analysis, failure modes and lif@tsu
oil with ethylene (GH,;) as a key gas, and lastly such as hrs, miles, cycles etc. must be clearlgitpe

3.1 Condition Evaluation by the DGA Technique
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using a stochastic processes. Similarly, religbilit fM _(BYt-r)"
engineering was applied to avoid catastrophic @vent A(t) = =(J( ] @
(loss of life or property). In this paper, Weibull RO\ 7

distribution and normal distribution methods arelagul.
3.2.1 Weibull Distribution [10] 3.2.2 Normal Distribution

Weibull distribution is one of the most commonlyeds ~Maximum Likelihood Estimation (MLE)

distributions in reliability engineering. Procedsiréor Two quantities have been specified for the normal

Weibull distribution are data acquisition, rankidgta, distribution, which are mean valug)(and standard
plotting data on Weibull probability plot and inpeeting ’

i ; ; deviation 6).
the result. It provides reasonably accurate faiduralysis
and failure forecasts with extremely small samges * Mean valuef)
provides a simple and useful graphical plot. The
horizontal scale is the age or time to failure Yrtical .
scale is a cumulative percentage failed or cunudati iz_l:ti 5
distribution function (CDF), which is proportion e¢h H= _N ®)

units that will fail up to age (t) in percent. Thigeibull
parameters comprise of:

Beta parameter @) is the shape parameter or the
slope of Weibull plot. It indicates class of fadumode. . 5
The betaff) less than 1 indicates decreasing failure rate o = /Z:l(ti ) (6)
that is called run-in or burn-in failure period. &'bheta N-1
(B) is equal 1, which indicates constant failure .rateis

period is called design life or random failure péri The o .
beta §) more than 1 indicates an increasing failure rate, Normal Statistical Properties

» Standard deviatiors]

which is called wear out period. + Probability distribution function (PDF)
Eta parameter () is Weibull characteristic life. It is
measure of the scale or spread in the distribudfatata. 1 7;(:,1)2
The eta1) parameter is equal to the time at 63.2 percent f(t)= e?oe (7)
of the unit has failed. In the other words, the (@fais ov2n
equal to the time at 36.8 percent surviving units o
reliability is equal 0.316. » Cumulative distribution function (CDF)

Gamma parameter ) is the location parameter
utilized when the data do not fall on a straigheli but Y -E[t;”jz
fall on either a concave up or down curve. It isaltion F(t) =I re ae ®)
of the origin of a distribution (time shift) andgwided an oov2m
estimation of the earliest time-to-failure. Perloetween
0 andy is failure free time. * Reliability (R(t))

Weibull Statistical Properties R(t) =1- F (1) 9)

» Probability distribution function (PDF)
» Failure rate X(t))

Bl [ty B
t— [ty
f(t)=[ﬁj(y] 7 tsy ® =10 10)
nx 1 R(t)
» Cumulative distribution function (CDF) 4 RESULTS
_(t;y]ﬁ 4.1 Condition Evaluation by DGA Technique Results
Fi)y=1-e"” @ The condition evaluation of power transformer was
o studied by considering the scattering historicatadaf
» Reliability (R(t)) power transformers but only one example unit of @ow
transformer was presented in this work. The oititgs

_(t;y]"” record is analyzed.

—1_ - n

RO =1-F@=e 3) The Sample Transformer

« Failure rate A(t)) A transformer is of rated 115/22kV, 25MVA. The

transformer oil was sampled in July 28, 1982 arstet:
in July 28, 1982. The DGA testing results are shamvn
Table 1. The data is analyzed from the methods in
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Section 3.1. Each combustible gas indicates the cause and sewéri
the problem.
Table 1. DGA Testing Result in July 28, 1982 of a Red
115/22kV, 25MVA Transformer
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* Key Gas Method

From the data, it is analyzed and plotted as in Big
Acetylene (GH,) is key gas with large amount of
hydrogen and acetylene, which indicates the problem

involving the arcing in oil. * Ratios Method

The Dérnenburg ratio and Rogers ratio method aeel us

Fig.4. Relationship between Key Combustible Gasemnd
Age.

in the analysis. The calculation of gas ratios ablé 2
40 36.3 and Table 3 are compared with the reference talle f
35 result interpretation. Dérnenburg ratio method dadies
2 30f three of the four ratios, CfH,, CH,/CH, and
T o5 246 C,Hg¢/C,H,, which fit in the category of corona (low
E 20 3 19.1 intensity PD). Rogers Ratio Method indicates twdaf
g § three ratios, ChH, and GH4/C,Hg, which fit in the
s °F 102 og category of low-energy density arcing-PD.
10 F
i Table 2. Dérnenburg Ratio Result
co H2  CH4 C2H8 C2H4 C2H2 DOERNENBURG RATIO METHOD APPLIED TO
Gas HISTORICAL CASES
Fig.2. Percentage of Combustible Key Gases for Arg in R1 R2 R3 R4
Oil Problem.

CH4/H C,H./C,H C,H./CH C,Hg/C,H
+ Total Combustible Gases Method (CH/M,) | (CHACHS) | (CHACH) | (CoHo/CH)

0 1.94 0 0.53

The total combustible gases method provides thghrou
estimation of power transformer degradation. Fig. 3
shows the amount of total combustible gases, which
reaches 1199 ppm in July 28, 1982.

This indicates the significant decomposition and th
increasing trend should be carefully observed.hi t
amount of combustible gases remains constant, the
decomposition process is stopped due to the salfAge
effect. If the amount increases, then the unittwam the
danger zone.

Table 3. Rogers Ratio Result

ROGERS RATIO METHOD APPLIED TO
HISTORICAL CASES

R1(CH/H,) R2(GHA/CHy) | R5(GH4/CoHe)

0 1.94 0.96
2 1400 1109 _ 3 o
o 1200 ] TE_CG_I ] These analytical results are partly verified, wiiteis
g %00 S possible to untank the transformer for internapation.
T 600 = The accuracy of this analysis is now examining it
2 40 320 30 99 = ossible cases.
S oopf163 23 22 129 117 168 m m m P
S Tol ML BN e e (BB I 4.2 Failure Statistic Analysis Results
P & HF S P S
\\.\\ u\"i\ G\"\\ cé\\\ e \@\ «\\\'* S \\\\" ,\@\" O Year The applied power transformers consist of two sampl
LN S models of 107 units of rated 115/22kV and 44 units

Fig.3. Relationship Between the Total Combustible &ses Rated 230/115/22kV are studied. The failure stasist
and Age. consists of 157 failure events for 115/22kV and 63

failure events for 230/115/22kV power transformer
From the DGA historical testing results each y¢lae,  respectively. The data are compared with the failur
trend of generating combustible gases is presente). statistics according to Cigré [11].
4. The increasing trend of combustible gases velat
service year of power transformer can be determined
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Failure Statistics According to Cigré

According to [11], the group of power transformer
components can be divided into, on/off-load taprcies,
leakage concerning tank and insulating fluid, boghi
winding, core, and others such as temperature @mbl
The failure of power transformer as reported in][ikl
presented in Fig. 5.

Core
3%

4 Tap-changer

41%

‘Windings
19%

Bushing

12% Leakage
o

13%

Fig. 5. Failure Statistics of Power Transformer Como-
nents Reported by Cigré [11].

Bushing
39.5%

Leakage
4.5% £

Windings
0.6%

Other
28.0%

Tap-changer
27.4%

Fig. 6. Failure Statistics of Power Transformer Como-
nents for 115/22kV Power Transformer.

Leakage
7.9%

Bushing
31.7%

‘Windings
1.6%

Other

41.3% Tap-changer

17.5%

Fig. 7. Failure Statistics of Power Transformer Como-
nents for 230/115/22kV Power Transformer.
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Fig. 8. Percentage of Component Failures and Their

Associated Causes for 115/22kV Power Transformer.

50
E O Contamination
45 O Unassigned
40¢ B [eakage
35F — O Defect,Overhaul
3 30F 3 B Defect,.Replace
T 25¢
20F 1831
15F
10f
5k
0 0] \8 X
O\:‘ @ \;s“‘“g N\é\“-‘a““ - a0 i S \Js‘gﬁ\ O‘x\e
oo™ godt®
Fig. 9. Percentage of Component Failures and Their

Associated Causes for 230/115/22kV Power Transformer

Failure Statistics of Adopted Power Transformers

By dividing the failure data in the similar categar as
above, the failure statistics of adopted powersf@amer
models can be presented in Fig. 6 and Fig. 7. @iharé
results show the similar contribution of component
failure. The critical components of both power
transformer types with the highest failures arehing
and tap changer respectively.

Critical Components and Failure Causes

The percentage of component failures and their
associated causes are shown in Fig. 8 for 115/22kV
power transformer. From the total 158 minor faitud

107 transformer units, the components with high
percentage of failure are bushing 39.13% and OLTC
26.71%. The major causes of failure are leakage for
bushing, and defect and leakage for tap changgr. i
shows the percentage of component failures and thei
associated causes of 230/115/22kV power transformer
From the total 68 minor failures of 44 transformeits,

the components with high percentage of failure are
bushing 29.58% and OLTC 19.72%. The major causes of
failure are leakage for bushing, and defect for tap
changer.

Life Time Estimation of Power Transformer Composent

For life estimation, three models of power transfers
are performed as follows; 115/222kV with 25MVA and
50MVA as well as 230kV/115kV 200MVA, based on the
available technical data, historical testing recamtd
numbers in service of 53, 49 and 28 units, respelgti
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The failure components, causes and results of Weibu
parameters’ calculation are presented in the Tdble
From data, the failure analysis is further caladat

However, because of limitation of paper, only aktan
for 115/22kV, 25MVA transformer is shown as an
exemplar. The probability density function, religkj
and failure rate for tank leakage are presentdeign10
to Fig. 12, respectively.

In Fig. 10, the PDF curve shows the probability
density failure of tanks, which mostly fail in trege
about 20 years. This because of all existing dataage
is in average of 20 years. Fig. 11 and Fig.12 shuat
the failure rate of the tank keeps increasing wWithage;
by contrast the reliability of the tank keeps radgc As
a result, the component needs to be often focuseah vt
is operated for such a period in order to avoid sewere
fault.

Table 4. Life Time Estimation by Weibull Distribution

Weibull parameters

Component Failure causes Rating MTEF

8 m

Load Tap Changer 115/22kY, 2ZMVA 292 14.83 13.23

damage

Load Tap Changer leakage T15/22KW, 25V A 17.61

Bushing lealeage 1157221V, 25MVA 2 21.91

Tank leakage 115/22kY, 2ZMVA 22.02 19.66

Taak leakage 1157226V, S5CMVA 16.11 14.51

Taak leakage 1157226V, 2000V A 2265 2016

Bushing leakage 230/115kY, 200MVA 18.82 17.06

Probability Density Function

0.06
0.05
0.04

£ 0.03
0.02 1
0.01

20 30 40

Time(t)

50

Fig. 10. Probability Density Function for Tank Leakage of
115/22kV, 25MVA Power Transformer.

Failure Rate
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0.000E+00 T T T T
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Time(®)
Fig. 11. Failure Rate for Tank Leakage of 115/22kV,

25MVA Power Transformer.
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Fig. 12. Reliability for Tank Leakage of 115/22kV25MVA
Power Transformer.

Because, the calculation result, such as percerdbge
component failure, its associated causes, estimated
component lifetime, MTBF, failure rate, reliabilitgf
components, are based on statistical method, ttadlee
result could be obtained from the reasonable nurober
event records and trustable data. Thus, after mhtai
more and more such a good input data, the resaoitlégh
be more reliable.

5. CONCLUSION

The scattering historical data of power transfosneas
managed in a systematic database and analyzedruy us
developed program in the designed web-applicaiitwe.
different cases of power transformers were examined
The oil testing analysis was performed by applyting
dissolved gas analysis in order to evaluate power
transformer conditions such as normal or abnormal
operating conditions. By the way, the statistic et as
the Weibull distribution and normal distribution ree
applied to historical failure record in order totaib the
failure rate and reliability of the transformer qooments.
Because this program development offers data pgolin
remote access by web application with user friendly
interface, simple to use and allowing for further
development, it is very useful for maintenance
management. From the determination of the critical
power transformer components and its associatesesau
the strategy and process for preventive maintenaane
be effectively set up. The critical components d¢an
carefully maintained. The known causes of failuas ¢
help to avoid repeated failure and improve the
transformer and system reliability. The proceduré¢his
work can be further adapted to the other equipnment
power system.
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