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Abstract

This paper presents an analytical method to evaluate the health index of power transformers
by using weighted scores for transformer’s risk factors. The weighted scores for risk factors are
obtained from Fuzzy Analytic Hierarchy Process (FAHP) which applies the Fuzzy Set theory for

addressing the effects of risk factors considering the decision making uncertainty. The FAHP
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compares the effects of risk factors in pairs in order for calculating their weighted scores as well
as checking for the correlation of the assigned effects of risk factors. The weighted scores are
then used to calculate the health index in order to evaluate the risk for power transformers in
the substations of Metropolitan Electricity Authority (MEA) and plan for their annual preventive
maintenance. In this study, the risk factors are categorized into two parts: (1) the risk factors for
on load tap changer and (2) the risk factors for transformer main tank. The proposed method is
tested on fifteen MEA’s power transformers. The study results show that the obtained health
indices correctly reflex the conditions of those power transformers. Therefore this method is a

useful tool for the planning of preventive maintenance schedule for power transformers.
Keywords:

power transformer, health Index, fuzzy analytic hierarchy process
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=
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aenpdednou WienTiaaeuartndetieveins
Wisuiisurmnuddnysneg wazeniildainnis
Aunadosialaiiu 0.1 Fsaanmasiunling
NaApudenad ANy 0.078 LaATINTT
mMruaszAuANNdAgUesladsannsUTeuiieu
seafinnnigede
A3eit 21 wannamsAuIg ez
FEAUATLULYBILAAZ U

)

o =
a1nuNn

wnawilunsanauls K TEAUATIUL
1 DGA 26.15% 4,3,2,1,0
2 Main Oil Quality 12.28% 43,2,1,0
3 Tan Delta 11.20% 4,3,2,1,0
q Temperature 8.95% 4,3,2,1,0
5 Load History 7.00% 4,3,2,1,0
6 Pl 4.38% 4,3,2,1,0
7 Age 4.06% 4,3,2,1,0
8 Foundation 2.00% 43210
9 Cooling System 1.58% 43210
10 Main Oil Level 1.49% 4,3,2,1,0
11 OLTC Oil Quality 21.24% 4,32,1,0
12 OLTC Oil Level 3.03% 4,3,2,1,0




ailBiameAanmresndoune lnihrgosmsunistnyoSnBodeoise
m3lihuasnawlagismsdadulaBiinnatiuunsneagAso

ndutheildanamed 21 Tuliluns
Fuamduiiinged wagthazuuuildlulily
n19aunuU gesnwgslosdundowuadlnil
Maalsedd lnenageuiundoudastniinluanndl
Inifistanun 15 gn wavesrmdiinsesiildan
ndfoutadliifinsionun 15 gn Fuandlilumns
i 22 wuihivsoudasegluanuzug 1 gn léun
vifoutasgnil 13 fusfouvasegluamuziihsgis
8 an laun wﬁauﬂmgﬂﬁ 12,10, 4,8, 1,5, 2
wae 3 vsloudasegluanugeaniuld 4 gn loun
vifoutasgn 7,6, 11 uaz 9 waginslouvaseglu
anugd 2 gn loun mifeuvasgnil 14 uag 15 usi

[
@

MelinlowUasusgniasunisaiiunisunlunigly
szoznafinmunlunsdsiiaseyt sfoulas
Qm?‘i 13,12, 10 waz 8) 3ahiinnstnganaudianse
nsthgednwmUni uwinsfoudasiiogluan i
s¥¥agnduq hifinsduiunmsuly ianisthge
foufvnsrmstigednwidaagiiuldimaves
SRRl NSRRI st
Fausluuneuiaonadosiumssuiiinszy
anwnsvhaulsvemseulasfivandunnsied
20 931 fatfuSsaguléin msdumend e
Fananiannsatluldnsiaeuanimansiney
Iaveansioudasliirmiasluandlnives nuwu.

M13199 22 asuanduiiiiaTet (H) vewmilaudasianua 15 gn

wilowdasluaniildes  HI AUNIY 130 e NUBLG

vifoulasgnii 13 41.43%  dudunsudlonelu 1 e v sudunsuilungluszeznaiidivun
wioulasgnil 12 51.49%  ddlunisudlvnelu 3 o v sudunsuilunglusseznaiiiivun
vifeulasgnii 10 59.44%  sudumsudlumelu 3 e v sudunsuilungluszeznaniidimun
vifeulasgnita  6267%  Audunsuflunnglu 3 Weu v lailgdudunisaelusseznaniiimun
vifeulasgnite  6268%  Audunsuflunielu 3 Weu v sdunsuiluneluszeznaniidimun
wioutasgnil 1 66.21%  sdunsudlvnnelu 3 o v Lildfdunmsmeluszeznandiimun
vifeulasgnit s 66.33%  Audunsuflunnelu 3 Weu v lailgidudunsaelusseznaniidmun
vifoulasgnii 2 66.84%  Andunsuflunnglu 3 ey v lailddudunisaelusseznaniifmun
vifouvasgnii 3 68.73%  sudumsuilunielu 3 o v Tailgduiunsaeluszeznaniitvun
vifoudasgnil 7 7276%  ndunmsanaeumely 6 ou v ndumanaaeumeluszsznaiiimun
wifoutasgnil 6 75.09%  ndumasivdeumely 6 Loy v ndunmsiaeumeluszezafidvun
vifeulasgnii 11 77.34%  nduanasiaaeumely 6 fiou v ndusnsiseumeluszagnandidovua
vifouwdasgnil o 77.42%  nduanesavaeumely 6 ou v nduinaneaeumeluszszaiiimun
wifouasgnil 14 88.29% Ursnwmuuni v Ursfnwmuseunm

wifoutasgndl 15 92.08% dreinwmuuni v Prgenwmuseuna




42 AAIMIUFT UN.

4. d5d

WnsussliuAsuiinsevesionlas
Inmasluaardlviives avu. areisn1saas
thutinauddnuestiafodes ilednviunutss
Shvmioutadliihmdadedosfulszsd e
ﬁ%ﬁ%mwﬁﬁﬁmmﬁﬁ?ﬁuazvjﬁumdfmﬁmﬁﬂ
anudvastladeide uagsefuaruuvDIsaz
{]ﬂ%’m%ﬂIﬂEJﬂ'ﬂmmfmﬂfﬂmmé’ﬁmmﬂﬁaLf?im
IFnannisnisirauladaliesziuuuiled uas
Fchstminaud Ry e unlstude i
donmdasiudadialiiAn 0.1 dwsunisiasiei
fifunnng 5 daseduly Tnenisiuamudsesn
Hu 2 dau Aedhuitldanyaidsuumyaganglal
(On Load Tap Changer) wavduiildandnitu
vsfoutas (Main Tank) 91nduiilunageuu
wiouvaslwiihmgluaanilwiihwes nviu. e
15 Qﬂﬁawamsﬁflmmﬁﬁuﬁ%meﬁﬁlﬁaamﬁmﬁ’u
anmnsiaulavewmdeudasinimasluaand
Inihwes nnw.

5. 1@N#1591999
PNy

[1] Bozbura F.T. and Beskese A. (2007),
“ Prioritization of Organizational Capital
Measurement Indicators Using Fuzzy AHP,”
International Journal of Approximate Reasoning,
44(2), 124-147.

[2] Kwong C.K. and Bai H. (2003), “Determining
the Importance Weights for the Customer
Requirements in QFD Using a Fuzzy AHP with
an Extent Analysis Approach,” IIE Transactions,

35, 616-626.

[3] Saaty T. L and Kearns K.P. (1985),
“Analytical Planning: The Organization of
Systems,” Pergamon Press, New York.

[4] Saaty T.L.(1980), “The Analytic Hierarchy
Process. McGraw-Hill International,” New York,
NY, U.S.A.

[5] JahromiN.A,, Cress S., Piercy Rand wang F.
(2008), “An Approach to Determine the Health
Index of Power Transformers,” Conference Record
of the 2008 IEEE International Symposium on
Electrical Insulation.

[6] Jahromi A. N., Piercy R., Cress S. and Wane.
F. (2009), “An Approach to Power Transformer
Asset Management Using Health Index,” IEEE
Electrical Insulation Magazine 25, (2): 20-34.

[7] Infraspection Institute. (1993), “Temperature
Criteria for Electrical System,” January.

[8] IEEE Std 62., (1995),“IEEE Guide for
Diagnostic Field Testing of Electric Power
Apparatus,” [EEE Transformers Committee.

[9] ABB Management Service Ltd.,
(2007),”Handbook of Transformers,”. Zurich.
2"ded,



