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ABSTRACT

Transformer maintenance is indispensable for power transformers. However, due
to the large number and many components of the test, we are unable to cover all of them.
Therefore, it is necessary to assess the overall condition of the transformer before
maintenance. Because there are currently many indices used to evaluate the condition of
power transformers [8], as a result, some analyzes may be unnecessary or subjective
assessments may not have a clear reference value. This thesis therefore selects important
parameters for evaluating the condition of power transformers. And there are clear
evaluation criteria, including using the obtained values to create an evaluation table to
compare the transformers that have been tested, consisting of 10 criteria, including
1.Dissolve gas analysis main tank 2. Power factor 3. Oil quality 4. Cellulose degradation
or service life 5. Turn ratio 6. Leakage reactance 7. winding resistance 8. Core to Ground
resistance 9. Dissolve gas analysis on load tap change 10. Load history. This helps
assess the overall efficiency of the transformer and can indicate which parameters should
be more closely investigated. or should change To prevent the consequences of failure
that may occur. Including taking into account the consequences of errors and the
conditions of the area being used, which consists of 4 criteria: 1. Safety of property and
people. 2. Safety of electrical systems 3. Competitiveness 4. Pollution level. Therefore,
the risk index used in this analysis can be used to select which transformers should be
maintained first or to show that some transformers are overall good. But some parameters
are in the risk range so that we can conduct accurate surveillance. From testing the

analysis results with 5 power transformers, size 50 MVA, it was found that Transformer



No. 1 and Transformer No. 2, test results came out to be in very good condition. But
there are still some parameters that need to be watched out for; Formed gas analysis or
DGA of the transformer body and Formed gas analysis or DGA of the winding ratio
adjuster. Later, the 3rd and 5th transformers are within the average level or should be
careful. Dangerous parameters that should be maintained immediately have also been
identified. As for the fourth child, the evaluation results were in good condition but did not
have any dangerous parameters that required urgent maintenance. The results of this
analysis have been used for testing. It has been shown that the overall condition of the
transformer can be assessed and points of concern or areas that should be emphasized
can be identified. Moreover, additional parts also help in selecting the transformer that

will be Give importance first as well.
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2.1 mmjt,uaaéfw,ﬂmﬂU%ﬁaLL‘JJ&@"LWW’]
2.1.1 anunNIgLazlszianuaznmsnsulassasna ol as iiwn
wilaudaa Wi Ae gunsaflshnszussaunlglunadfoudnausdulniain
% =~ o A o =~ o A A, o A A o '
szaunialdGa8nszaunile wleudasfidandznavnddnfesaaiaiwuagsauuny
wannanag 2 7a aremasldialdiivaalaganits (Primary winding) #18A1NA uae
' 4 ) L= y
uwssinfaulnianils azilildmaslndieanlusinsaaindnganiis (Secondary
. . Aa A A = o A <& \
winding) NAAIMNILAILAN TiusdaunaanuIbuuliniIsuiasaantdw 3 Uszian 1
Qs v 1 QI Qs U v e U $ 1 é
w3aak ALK Ia U IR aan Sandt nalaudad Wi eI unilidanils
AA o A & @
(One-to-one Transformer) 32 LG lunIANFBINITUONFIBAUVINIRBITZULUBENINNNY
%38813138n71 Isolating Transformer U3ztAn7 2 ussan Wit tasniusian luwin
1 v J Y { v QI Q
21880 438N ANoLUAITY (Step-up Transformer) U UUNFBINITIANTZA Y
> 1 A' Qs &/ > 1 1 {
wydan W gunIsiAnksIanana I lnlwiraunlddsssuusedny Yszand 3
WIIa% LR L EININNILIIa B WK1 v188n 1S8n3T nalaudaInd (Step-down
Transformer) 1AL UUNFBIN T8 ALTIAW INAIRILTH WURINNITVUFITBRINEITLY

g Wi

2.1.2 shazasvslanaslida
2.1.2.1 nuawUad WA e (Power Transformer)
el asflflunsssrinunsseuluszuugsinaslndn TaavialuasSvuna
daud 1 MVA uliaufionanssos MVA
2.1.2.2 wlaudassnniing (Distribution Transformer)
iwndaudasfildluszuusmingves milwihduniinie  wazmilwihuas
NA
2.1.2.3 wlaudssdwsuin3asiiada (Instrument Transformer)
S figmsuianszus (CT) wazdaussan (VT) luszuulnin saudeldluns
ﬂaaﬁ'mm:muamwu"l%lﬁﬂ@mﬁmﬁ’lﬁuﬂmmma"l%lﬁhﬂ%mqu %30 wIIanWn
WIIAUG Iraaasiannuszanuazlasanslumsldoim Tasvialuudmoulasdnsy



030950 Wi utseandu 2 Uszian fe nifaulssnszua (CTs) Lazraaulasusiai

(VTs) %%aﬁsmfé‘ﬂ%ai’l Potential Transformer (PTs)

2.1.2.4 %ﬁauﬂaaﬁw%%ﬁmwuﬁqa (High frequency Transformer)
Aondaudasnifidanudlumsvinemiuninanuinas (10 kHz) §ulnnjas

I%LﬂuﬁﬁaLLﬂao"lWﬂWaa"’ummﬁgﬂmméww sl"LWaé'ummﬁga

2.1.3 dwilsznavdrnnaasrdanlasivin
2.1.3.1 UNWLAAN (Core)

unwiranvadndontad Winazisnsmeiduudwnanuiag 13ond1 a1liua
(Laminated Sheet Steel) 9ziaNUNWY 2 IU1A AB Uszannk 0.35 Wy, FWTUANNAFI
LAZ 0.50 U, FIRTUANUDAMNE AL LAZIAROUNRIDAILAILAWIUNIRDIG I WINANLTES
dawnwod 19t durzt o v d1a8nh N1INLNBIRANIANNAIIUABLAANUIG Y NLNDAA
- A o 1N L
YSuasraInszua lnain (Eddy Current) MiAsdutita sannsinfiediimisudinan lWin

=3 [ @ o 1 é d'l a n{ v 1 & X o v Aa

wzuawranazidualinegnanie Welnaudsnudasvesduussudinanisilviie

{ o Q J =3 1 1 § 1 =3
munfieizasusanlniinluluanavasununinusazisin uaziftadnnurwnan
uwdazururandanunwininieziliinszualnaindedngs Saazlnadenisiuuas

a a v o v Aa ~ J

Urintnwvasndaudad i iwnzazildiiansgaidoluwnuninunniu
2.1.3.2 WALAAN (Coil or Winding)

lasnildusindandsd Wi wuusssnal niansdaudadluiuuuusnaa
(Ordinary Transformer) W4a:13znaUMEUANIN 2 TA ARG IHNTUNAIIULTININA
d10% 13801 2e81aUgunil (Primary winding) wazaaalafiiewasswlnihaanlyds
Imm‘%ﬂﬂ'jwmmnamgﬁ (Secondary winding) T9UARIAGIN NI NN Bl wASTBUL R
T iuazidumadiniuawiu 15u auanduiua (Enamel) niasiianiduitannia
£ Qs £ ‘é a dq, Y o Qs Qs l:i 1o Q v dl < di
uWuIaL g LFualadiaatiaiazlidmnsuar dlngdmiundaudas i iidunias
oy 1w awufiuniandaudihuenaaziinaotunsiiwelfinaanuduawiun

1 v 1 s 1 A 1 o % v

nudaanuiaugs nudanisnanian Gazssnarlitiatgnsltnuuu
2.1.3.3 awIH (Insulator)

awud Mlundaudaslwirvmaidniuazlsznauaisauinnlsdniuanszning

=3 % v = = -~ 6
WAWAANNU2ARAVaInNauUad AN Teanvvztdunszansudisrsnaintzons lniuas
WIDAUINDEIDU LU aUIU LUM 136 (Bekarite) TI92AANVUTILTINUNIU NUANNTOU

o = . = & = = | A o ) <

Vl,mp waztduauwIn WWiNa8198 wasanthA st T UL UAUIRNARITTHINITUY BIVARIN
A o o = . o ! < { & 9 o
Feo1vazldnszanuaasnelan et JuLABLNI G ABTZRINITUVEITAAIA LNanw L lv
YARIAUANZTUTUNRN

2.1.3.4 DILAZAINIL (Tank and Fin)
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UM 2.1 Asuazaey (7]
2.1.2.2 gNALUTIFILAZUTIA (HV and LV Bushing)

’3’&@;lemﬁnau’mﬁmﬁ’]ﬁﬁ'm:wmm”'a@T’Jﬁﬁﬁﬂmmqa LATANWLIIRINLAID

. a— .‘w & ' . ‘f’v > » \
3UN 2. 2 ABENINTILUTIFIUREINTLUTIA [7]

2.1.2.4 untUuLs94@% (Tap Changer)

6 o o A o @ A U [
LfluqﬂmmmmuuJaﬂuLLﬂmmmmauwamﬂuauﬂauwalmw gz U
wnaulwihliasnnialiogluszauanasgu

[l b

CELM S|

U 2. 3 datsunliiuusse [s]
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2.1.2.5 q‘]JﬂimﬁZ‘.U’]Uﬂ?ﬂﬂ@%ﬂiﬂﬂﬂﬂ%i&ﬂ@] (Pressure-relift Device)

&a o v A v A a X Aa ] 1 o A& v
?Jqﬂﬂiﬁ%ﬂﬂ?ﬂ%ﬁﬂiZU’]ULLEG@‘MYILW&I‘lluf,jldﬁJ"lﬂLﬂ%ﬂ’)’]ﬂ’]LLS\‘l@%‘ﬂ@lde’J

UM 2. 4 dradguninliznoanuauniavienusziia [9]

2.1.2.6 R0W1I813ATITBTH (Arcing Horn)

& ) o a v A v A a '
qﬂﬂsmﬂadﬂu%&laLLﬂa\‘iLaﬂ‘lﬁ’mﬁ]’mLLidﬂumu IﬂULQquLLiﬁ@uﬂLﬂ@ﬁnﬂW’]Nq

3U7 2. 5 daddedwIsanindazaiu [10]

2.1.2.6 Lﬂéaafﬂqmﬂqﬁmﬁmﬁu (Dial Type Thermometer)
qﬂmtﬁuamqm%gﬁmaaﬁﬁﬁuﬂaj’auﬂaa
2.1.2.7 \3a9iaszauiinaiis (Oil Level Indicator)
pUnoluaasTzauing onlinanransansmz 1w uuugnaess uwihida
2.1.2.8 mmaomm%u (Dehydrating Breather with Silica Gel)

% @

ﬁmﬁﬂﬁﬂaaﬁ'umw%wﬁ']Ljﬂﬁﬂluﬁ'a AAAINUNN LU TRAN VDI N UE1D9

y

gﬂﬁ' 2. 6 ganTaInNATUANauLas WA [11]


http://www.thailandindustry.com/onlinemag/view2.php?id=548&section=12&issues=26

2.1.2.9 DINNHUH (Conservator Tank)

AamAvsindundaulasdsasdmiumIrsnsauaznasIvasina e
ulas uazinsringumaaiontouasifiasadu Lﬁﬂiﬁﬁ’]ﬁ%ﬁﬁﬂuﬂﬂ@@Q'Lﬁuﬂﬁﬂiuﬁﬁ/ﬂ
wlasasaaia laarialuazdu3ines 10 % vosindulunioutas

31 2. 7 drathsasnniiaiu [12]

2.1.2.10 yalaadiad (Buchholz Relay)

@iaagszmﬂmﬁa L1 84NU Conservator YadnNanlads NI NAT2133UAINY

ad a

Aaln@niAadwaielunianlag

UL AT
UM 2.8 Madwyalaadiiag [13]

2.1.2.11 Wannalauiad (Transformer Oil)
MM IUNEaN UM INAWINABAD TFF MU T Ua It LazIzU18AINTaY

Tvnuaaaranialunaailas damautifagszninakaiudins wasihdundann

Good
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v
2.2 MInagaunNauladlnii
2.2.1 N1INAdaL DGA [1]
A 6V dl a J : Crd v & o v R
danmsnasauanwiafifaduluihduniaudasdeiliaunnszy ldtsany
a A‘ﬂl a :3’ v 2 =S o v a 2’ > % U dl
AaUnaniiedulwraaundad ldyudevinlvdssidusnwaastinauniaulad ladnaunsan
wltwladanialy
2.2.1.1 mm@lmil,ﬁ@]ﬁ”’]sﬂuﬁm”u
I [-%3 Qs =} 1 dl L3 £ I
uwwsznsuanaizasnusznaadsznitezaenfldasiaduluianaes
lalasasueuvasindumsiiaanuialnd(Fault) anwumedne g lundautasaznaliiie
o ° ) Y] o o f A o o @ { a X '
WAINUIRIUNIUANGITaINUTHATAINA1Y Gafwdnan (Key gas) Miiaduazilat
AN 7 THA LA
- lalavian (H,)
- flu (CH,)
- 8w (C,Hg)
- 1afia (C,H,)
- azafian (C,H,)
- anfuelasenlad (CO,)
- eSuauvanenlad (CO)
TaganwumanuAalnduasndanilasanantsoanlas Usstnnasi
1) 1al3wn (Corona) wiadaws13au1982% (Partial Discharge) L wan ey nn
M INANFINRINBE 9 aanuiluiralasaznuiolalasiauiazdinwludSun
= (373 =Y a v Y A
WaauA3 wazdimEInnufiedinuuaziadndTunmkasduagens Ganniinisda
P15 L UNILAIHARIUNILNUNITANNYS U I IR TA NI LU LADan L Ta LAz
6 6
ANIUDUNDUAN b6
a [ a R I o A a £ ' ' A
2) MIinauTaugaiin (Overheating) Liuan sz dymifiiaduatnadaiiias
a 23 a &’ Z’ . 1 s 6V =
Usunainaazarad a8 leaninAad i s waauta ez wums balasian, Jinn
=) =) (273 1 = ‘&/ Q 1 v qq/l & v
A, usziafaw USunmvasfmaudazsieazdwnudianuionandymitnu g G963
mm%’augdmn 9 aWUUTU Tz TN a kAL 1%n3tﬁﬁﬁ@mm§augaLﬁuu‘%nm
NI2ANTHAWIBITWUAITANSUAK Ao LTaLacAIsUanyawan loa twlSu1mun
A A A A o IS
iasnanmadenzasnzasnilasiafaduisaglag (Cellulose)
a 6 . (3 I A A A = v
3) Mufinanin (Arcing) Iaidudyminuusefige ihasandanuiaugianns
1 1 § 1 2/ e é 23 a a
Inaatdaiiasrasinszuagiluihdudaznuialalasauuszezisfifuliunmnn

2.2.1.2 Adudananiinasauing (Interpretation of Result)
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6V o o & a dl v o =3
msudannunaneuadsmsiagng 7 e laannivin DGA azauInuaniig
o @ v A A A a [ A aa A
gnwnsinaueesnsautadlain iudninsedadndluansucla F935nsudanan
ldsuanafiondagaronu 6 156e
1) 3% IEEE Method
MIUUaNaAINNIAII% IEEE C57-104 (1991) 92RINIBINAINSTINYDIMND
ninuanau1Indalwle (Total Dissolved Combustible Gases: TDCG) lataz@dasinis
o & L e y A X e & . da o
Waduaad TDCG srunuuwwiliunmsiieduvasmand 7 sfia lWallanshan wyasie
Tundaulad TIanunsauLIanue (Status) 8anidu 4 LULANANTHN 2.1 lAHATINY DY

aonda W lauaashluaunsn @.1)
TDCG = Hy+CH,+CH,+C,H,+C,H,+CO 2.1)

Wi 2. 1 Jednavesisiazansegluwiaiundaudss (ppm) Muanasgiu IEEE

Status | (H,) | (CHa) | (CoHs) | (CoHa) | (CoHe) | (CO) | (CO,) | TDCG

Condition | <100 | <120 <1 <50 | <65 | <350 | <2500 | <=720
1

Condition | 101- | 121- | 2-9 | 51-100 | 66-100 | 351- | 2500- | 721-
2 700 | 400 570 | 4000 | 4000

Condition | 701- | 401- 10-35 | 101- | 101- | 571- | 4001- | 1921-
3 1800 | 1000 200 150 | 1400 | 10000 | 4630

Condition | >1800 | >1000 | >35 | >200 | >150 | >1400 | >10000 | >4630
4

laufi TDCG ﬁaNa‘samg\mmmaaﬁﬁeﬁﬁmmsmmaﬂ'lwvl,@i”(ppm)

Condition1: i1 TDCG ﬁ@‘i’mdﬁ:@”uftl,l,amdmﬁaLLﬂaaVLV\IWﬁa%iamwﬂﬂal,l,@imn
ﬁ"ﬁéﬁ@‘i’ﬂ@ﬁﬂ%mmgaﬂd’mmmsﬁmﬂﬁﬁﬁumUslumﬁmi’]:ﬁwa

Condition2: i1 TDCG lumaﬁuamﬁamiLmVL%ﬁgaﬂdﬁﬂﬂﬁmﬁﬁmimaaaau
AULANLAZAITAN DGA VLaJﬁﬂmmua:ﬂsuﬁuﬁ"ﬂmﬁgnNﬁmﬁu@iafu

Condition3: ¢i1 TDCG IuﬁaaﬁLLa@oﬁdixm‘VuﬁqamaamiamU@T’mawnagiaaamu
#3013 UA2T3I AN DGA "lﬂﬁ'lmmuazﬁuﬁuﬁ"wﬁgnwﬁm%miai’uuau‘%lmw,muﬂa@
NIRRT oL ATIIROULE Ue

Condition4: i1 TDCG ﬁ'gaﬂ’jﬁsm”uftuamﬁdsm”waam‘aamw‘ﬁmaamagiaa
awunIatinduwannAwly miv‘hmiﬂawﬁau,ﬂaaaan'«a’mﬂ’ﬁﬁﬁmmﬁaLiﬁﬁwgo%'nm

o

=
NN
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2) 3% Key Gas Method

ANTBUUTUIVEINTIATZIN IEEE C57-104(1991) 3'ﬁ‘msifngﬂ1°ﬁtfja%ﬂauﬂaa
laglasumAensdiiaudazsiautdunaiuwin lasgsaiRasmainal TDCG u
%é’ﬂiwﬁ'umﬂﬁm‘fuashal,ﬁuvl,@i”fwnaaﬁ”ﬁsﬁmdéﬁLﬁias:qﬁaﬂfymﬁmﬁ]Lﬁ@if%ﬁ'ﬂ%ﬁa
wilasldnsansed 2.2
a9 2. 2 mﬁmmxﬁm@;é?@ﬂﬂamnﬂ%mmﬁwﬁwﬁrﬂuﬁwﬁwﬁaLLﬂad@memgm
IEEE

Case Fault Principle gas | CO H, CH, C,Hg | CoHs | CuoH,
1 Overheated C,H,4 - 2% 16% | 19% | 63% -
oil
2 Overheated CO 92% - - - - -
cellulose
3 Corona in H, - 85% 13% 1% 1% -
oil
4 Arcing in CyH, - 60% 5% 2% 3% 30%
oil

3) 9% Roger's Ratio Method
FNIHATNANTLN T INNAIDAINRINYDI T TUARZTRA LAHAIDATIFINN
o o = o @0 o A & A o ! ~ =
faq GﬁmzmvlﬂhmmumﬁLﬂﬁwwauagmtmu 5 A1A1NAITINN 2.3 TILRAILU
AUIUFINADAY (ppm) 8814 IINANNITA1TVEY Roger’s Ratio (R.R. Rogers, 1978) 3
NANVTHUANIZADATEIUVDI RT, R2 Az R5 1117141 laudiasinauada1aaIngIwss
WUSONNAN B VAIANURAUNAAIANTIIN 2.4

@391 2. 3 IANEIUEIAYVAITITUARE TN

Ratio Gas (ppm)
R1 CH4/H,
R2 C,H,/CoHy
R3 C,H,/CH,
R4 C2Hg/CoH,
R5 C,H,/C2Hg




A a 6 A Aa 1 1 23 % ada .
fNINN 2. 4 ﬂ"lﬁ']LﬂﬂﬁﬁWWJN@]ﬂﬂ@]ﬁ]’]ﬂﬂ’]ﬂ@]i’]ﬁ’)%ﬂ’]‘ﬁ@?EJ’TE Roger’s Ratio

13

Case Fault R2 R1 R5
0 Unit normal <0.1 0.1-1.0 <1.0
1 Low energy density arcing <01 <0.1 <0.1
2 High energy discharge arcing 0.1-3.0 0.1-1.0 >3.0
3 Low temperature thermal <0.1 0.1-1.0 1.0-3.0
4 Thermal fault < 700 °C <0.1 >1.0 1.0-3.0
5 Thermal fault > 700 °C <0.1 >1.0 >3.0

4) 3% IEC Method

ATNIuUaNauNN@IIU IEC 60599(1999)zaananuisuay Roger's Ratio lag

ATNAITMIAABATEIUTD 3 31938 (R1,R2,R5) 1unibag ppm Lﬁa‘szqﬁaa”ﬂmmz

a aloa { a J v J [l = a a
ANNVHAUNAAS qﬁmmulumaLLﬂaamLLmaamﬂummmﬂnmmﬂﬂﬁwLmzqmﬁﬂu 6

ANBL AIANTNN 2.5

A a 6 a Aa e ' &V v ad
@13 NN 2. 5 ﬂ’]i’)LﬂiﬂﬁﬁWWJNﬂﬂﬂ(ﬂ'fiﬂﬂﬂqﬂﬂﬁ’]ﬁ’luﬂﬂsﬁ(ﬂﬁEl’)‘ﬁ IEC

Case Fault R2 R1 R5
PD Partial discharge - <0.1 <0.2
D1 Low energy discharge >1 0.1-0.5 >1
D2 High energy discharge 0.6-2.5 0.1-1.0 >2.0
T Thermal fault < 300 °C - >1.0 <1.0
T2 Thermal fault 300 °C to 700 °C <0.1 >1.0 1.0-4.0
T3 Thermal fault > 700 °C <01 >1.0 >4.0




5) A% Doernenburg Ratio Method

14

3%n13v89 Doernenburg (Rohitkumar Arora,2013) 22l EA18 AN TINUIU 4

1 { a a a v & ] I s
A1 (R1,R2,R3,R4) Lﬁ'aizqaﬂﬂmzmww@ﬂﬂ@mawwauﬂmmLLmaamﬂu 3 AN

ANAITNN 2.6 lagazNaTanNTINNUTaTNaUSUI MM TLAaTRAOINAITNN 2.7

A a [ a a " 1 23 v ad .
ANIWN 2. 6 MIUATIEH m@lN@]ﬂﬂ@lﬁ]’]ﬂﬂ’]ﬂ@]‘ﬁﬁ’)%ﬂﬁ%@?ﬂ')ﬁ Doernenburg’s Ratio

Case Fault R1 R2 R3 R4
1 Thermal decomposition >1.0 <0.75| <0.3 | >0.4
2 Corona (Low intensity partial discharge) <0.1 - <0.3 | >0.4
3 Arcing (High intensity partial discharge) 0.1-1.0 | >0.75| >0.3 | <0.4

NIWN 2. 7 Pasnediunaasinoudacsiaaauiduad Doemenburg Ratio

Gas Limit (ppm)
H, 100
CH, 120
CoHy 50
C,H2 25
C,Hg 1
Co 350

6) 7% Duval’s Triangle Method

’“sﬁ'msﬁgﬂﬁmmzmmuaim Mr. Duval Imlﬁgﬁmumﬁﬂmmmwﬁ 1 Tunny

afunuanwme AuAalnAvednaandasdsuydidn 7 anwme3T Duval's Triangle

(M.Duval, 2008) 92 Was13InAToazamnT 3 7ia Leln CH, , CoH, Was CoH, ANyl

A =2 A @ o A ] 1 a A =
FUN1IN (2) D9 (4) Lwam@@mmaaLaumamsluammawmaglumnm‘l@mazmums

UannIanEmeANNAalnfuasnaanlad

60 40
<«— %C2H2

gﬂﬁ 2.10 mﬁ:qﬁ'ﬂwm:mmﬁmﬂnaﬁwmumﬁﬂmjaa Duval
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CH,
%CH,=(—————————)x100 (2:2)
CH4+C,H,+C,H,
CZHZ
%C,Hy=(——————— =100 (2:3)
CH,+C,H,+C,H,
CzH4
%C,oH,=(———————— =100 (24)
CH4+C,H,+C,H,

2.2.2 Oil Physical and Chemical Tests
PANINNNIINAFAL DGA a7 qmﬂhmmmLﬁué’aaﬂ'wﬁ’m”ul,ﬁmauLﬁamnﬁ'u
d‘v =S a (=] a Qs 1 1 Q v Aa wa dl o
AMNTY WIIGIEA anutdluwnte lagin@ mamw:gﬂaﬂﬂm‘ﬁaaﬂgummnwammi

aTziihaiunae wilas

2.2.3 nsnadauaslsznaun 3w (Furan test)

NN33LAIIZHA Furan LRAIRAINYDIRWIBATIANHIILABL19EINS Ll aa K L
= 4 =Y a &/ 1 1 {
’Ja@;amumagiaaﬁmﬁammw miﬂizﬂauaﬂimmﬂgﬂwammu’l,m:mnmmamamﬂﬁ
1380737 furan WAAWSVAY Furan LN aMvwaTEAUNaALNa ST HlaglaRuNa1A R
o ) & ) a o A v q o A ¢ = &
mmum:mﬂ[uqﬂmm T ALUVAINARLND ISLTTUNAI I D LAt LTI N B sz awl ) a 1 ud

& A

°11aamqmﬂ*’ﬁmuamuﬁﬂmammm%ﬁaagjmﬂlu%ﬁaLLﬂaa"LWﬂW Usum 2-

v '
1 s =

furaldehyde luwiin suainiduwaaysoa AIBNFAVDINIIFAILAIVBINIEAN W Gedaln
snuwmdolli

1y awwiniduosudslunioudas Wi sz naudrsnszan wasny

2) nasanWiliznaudmoduloiwaglas

3) Lsnagiamfluwaﬁmas’ﬁﬁmmimaqangha

mzmumwxlﬂmiﬁa’m‘[sﬁwaﬁmaiéﬁag‘[amaﬁﬂﬁ 1,000 luiananglasfis 1,200
luananalasna nszpaumandauaznsiliuiemdaudasindhvildioaglasuan
¢ nyzanulndlundaudadlnidsldan ﬁwaﬁmafﬁazuﬂﬁ—mﬂuLaqaﬂgﬂﬂa 800 Luiana
119 1,000 lutananglagen

2.2.4 nMsnagauni9 lWnn

2.2.4.1 MTIQAIAMNEI NI BRUIT (Winding Insulation Resistance Measurement)
RMTUNIINARAUAIANUFIUNIY VDIAWIW LNOAIIFROULWI LU VDINT

dl dl a &/ v ﬁ Qq/, [ ada

LRaNgN NI IBNLAaT w1l urandad Wi Geauaanlunisnagautdnwiingg

é’maﬁnmaam@m@‘luu@iazq@mawﬁauﬂmtﬁﬁﬁmﬁu WWanazlilssaunagaudaivinni

1 U a @ > Qq: 1 J v U a
TuudazWai1uaaIaNaRa UINNALIIAUAILG 3,300 V A ldl¥nagaudloussan 2,500

Vdc LRZTNNNALIIAWEaLNIN 3,300 V adN1¥NagauaI8nsIat 1,000 Vdc 31NTh
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& ' a K a ¥ o ' . . A e '
NARDUAILG 1 WIN D3 10 BN LLAIAIWITUAN Polarization Index (Pl) BI8A19A3I®IW

AMNAUMUARIUAUINN 10 darINN 1 AMWN1AT3I% IEEE C57.125-1999

¢NIWN 2. 8 1 Pl Iuﬂ’]iﬁﬁ]’lif%’]ﬁﬂ’w\l’ﬂE]G%fl’E]LLﬂﬂ\‘ivLWﬂ’]

Condition PI
Good >2.0
Normal 1.25-2.0

Bad 1.1-1.25

Danderous <11

Transformer Test

» Hl ® X0

X1
S (I) N o H2| O
L E

GND1 O H3 ¢ X2

¢ x3

GND2

Eﬂﬁ 2. 11 193TIAAANUABTNUA I

2242 ﬂ’lif@]ﬁﬂﬂ’;’]ﬂg%ﬁﬂﬂ’ldﬂu’;u (Insulation Power — Factor Measurement)
minaseudilsznauidsldieianmagyiiedidnnin Sangadasiuanadon
Y A A
AR HINTLRBUFAWVBIRWIN IWHN
MIIAAIAIUTENO UM AIVDIR IR 1A L8 MITAIUI MR FIUVBINTZUE LWAN
WU capacitive %38 "n137133" (Aatdulaadueanuds) denszualuuuy resistive n3e
leakage

%

ﬂfls‘ﬂ@ﬁaﬂ(ﬁQUSZﬂE]Uﬁ']élﬁLﬂu%%ﬂ’]s;@ﬂqfluﬁwyifﬁmﬂﬂ@o%'ﬂ% Lﬁaﬂﬁ]’]ﬂﬁﬁ@]'ﬂ
o @ P & & A ak A P Aad
ﬂizﬂﬂuﬂﬂﬂﬂﬂﬁﬂ&l“ﬂu’]@mﬂ RUIBNIL LI Lﬂu‘ﬁudlumﬂuﬂﬂ’]iﬂ@ﬁall'ﬂ@“nij(ﬂ

ﬁ%m%'umsﬂw;d%’ﬂm EIaNaNITILAzL T 0900
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Ic It
|
Ir E
Vector Components of Test Voltuge and Currents

In a Parallel R'C Circuit
Watts = E x I x Cosine ©

Power Factor = Cosine © = Walts
Exlp

d' 1 6 ot s o %
El]‘ﬂ 2. 12 RIBUTNaUNNLAD TV BILHA WA N IZLANARD LA TenaunIa

2.2.4.3 MINAROUAATEINHN UL (Tern ratio test)

Tasnalagldnsnagon Tem ratio naudasiieluilainsandinuasie
szwj’mm@m@ﬂgugﬁu,az"qaQQﬁaa@ﬂﬁaaﬁ'ﬂiaﬁ'mu@ﬁumﬁﬁ mMInaseUnNaulad
siadigatanlwinleldiimioudas i lwussenlwiuoumdUsnniasduand
datatu nlaudasuuumadaddsznandis 100 saudsuniuaz 10 seundugiiaz
Fawieaausawlinas 10 Lﬁw%aaa@ﬂﬁaaﬁ'ﬂm@m@naﬂgﬁiumm:ﬁgmmumﬁw
10

NAN1INARAY Tern ratio ifu"l&iﬂ’mﬁmmumﬂﬂ'jﬁama:ﬂ‘éomﬂma’mﬁag
fenuriosasrginnaui ol ﬂ'm@aauﬁag’uaﬂmmmﬂm@Lﬂﬁauﬁmaﬂaﬁdw@m@

°11aami"aLLﬂad"LWﬂwé'muﬁmﬁaLfl@agj

2244 ﬂﬁﬂ@aau%'l,l,ammwﬁﬁvlﬁa (Leakage reactance test)
I@ﬂﬂﬂauﬁ’muﬂumimaaumsuau%’uLﬁ‘ag’hﬁmﬁmwﬁmai%m?miuﬂwU@m
e 4 a A & ¢ & edao v A o =2 ¢ & &
nua1BNNLanSlasiFuanIa tatdansandasnifeainlysan wasifudninasau
AMNFIUNIWAITI IARVBIAITLANLARTHN LA LA ENIIRAINITVEIVARIA PRI LA
1°1?Lm@°'mmaauﬁ'umm@"mﬂ’]Lmqﬂ@ﬂlﬁqmw@aaué”sﬂizﬂaumé’a

2.2.4.5 MINAROUAMUAUNIWULALARN (Core to ground Test)
A ad o | a & W & A

mMInasauhltlunsdingsgoindnisainsiaununanslaslilaasla awfens

szylasnianasay DGA wnzlavuiiinaifnagzniounuiingd (Wiasiuunuaiuns
% [ [ 6 [ di a 1 1 dy a

L@4nuY) AUNT1IG Megger MiNasunsaulniinizuaasisznitegamnaii uazia
ANUAMUMY FaInaanTNGLABNAIBaNNBYINATNAFBLH UdauatawyNFdinle
87N WASHNULIEIND1IFDITEUIH08NTI92 YN b0 F1RTLRNBUURILIIAIGIINTING

o o 1 v é v U
‘ﬁﬂﬂ"ﬂzgﬂ‘uﬂ8E’Jﬂﬂﬂﬂ’]El%i’]ﬂN'l%flq_rﬁﬁ‘wﬂ%’]W’Iix‘i’i]ZL”ﬂ’]ﬁGvL@N’]ﬂ
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nuaudaslniarsdaruinnin 1,000 tunzlaviy waandadWWNlTuaIA2T0 6N

NN 100 LNzlawy 10-100 LWNZlARULIAIDIRWIUNLTANRATNTERINIUAUNRIIND
6 v 1 6 = ci o v Aa A ai o v A

N3176 wasnin 10 Lwnﬂa'ﬂmwmwam:mlmn@mmwgumwmzmimﬂ@mw
RO
2.4.4.6 Load History

Usdnsltauaivamannavasnsawlasnnidundnaiulsnaisinainason
Lﬁaamnmm@mﬂ%@mLwia:ﬁﬁ'm:dwa@iammLﬁauamwmaaé’aqﬂﬂszﬁﬁdﬁmﬂ‘*ﬁmu
A& Ao A A Ao o & A a ' = ' LAl A o
NAUNNARIDLAUNNALINVD IR DU RITEITAM NI T UK dNLTlwn1TU 2w

'%’1ﬂﬂ']‘iﬁ']‘ﬁja%laﬂ’ﬁlﬁd']%ﬂiﬁloﬂLaa%ﬁLﬂuﬁﬁﬁﬁ'@lgﬂﬁq’(@‘U AN LL@iazLaa%N{LfﬂWH

2.3 Risk index Method
5| a a v a é .Q ) v 4 a
WAt Usziiwndaudad Wi suieniauitanltiNadss i wgnInIIn 32009
mqmﬂ“ﬁmuﬁﬁ@d’]mmma:l‘*ﬁmmia"l,ﬂvlﬁ laonaldazidunisdssiinlasls
a 6 a [ n:i a v o a {A:i
WITHLADININARANRITEN 2.2 W lTwn1sUssidnlas lain1IiIAwanITA Lo a s
zdaanmidsziinsuismsliasiunnluidazniniinesans g lasnmslisinnintwia
° ) A o a i PN e AanlR Aa
NNITEITRTaLaINdaNauIRad ke de uRat T iiwlasaansNuNIaN
TUTDW
msﬂszLﬁu@ﬁﬁqmmwmaw&TauﬂaﬂWWwﬁ’lé’aﬁ]zLﬁmﬂuﬂmﬂumiﬂiuﬁu
AN TataluIzezeN TR anlad NINNIINITHII B Iz e L EW lasUn@unad
3 o A = O i a s o A \ o A o
LLuumaaamuqmmwaagﬂmwwmwawmimwﬁﬁmﬂ"naawamamqmﬂmmmumm
% 6 o = 1 d‘v = = ] d‘yd v
JUUTI mqﬂszaaﬂmam"ﬁuqmmwmma"lﬂu 1. ABRAITUITDIANUR NI TNV IR D
wlad IR dnTuNITl T watsdaLhasuaz e unwy ads NN aLU 8 la s 33 2.0%%
= [ ] a o‘ai = U té 1 % a
v IagA Nl wLaaz NN I TwNaILRzATIARa U b G bl wlasny
o & o Ad o o = \ Aa o & . L & v
gananyas s.aaftnanlsersidudininmslanaseulasna lduszauarulnniviunas
AINWINLITIANVEIAT [14]
m‘wﬂi:ﬂaui@wé’nmwaﬁ%mia%m‘"“ﬁﬁqmmwLLamlugﬂﬁ 2.13 lugﬂﬁﬁ]:
Lﬁuvlé’dﬁa;&a§mg@|"l,@ﬁ’umsﬂszmaNaLﬂuﬂ:LLuu TauWInTunITU T T UAZ L L AET

ZANITA WA INAN UL AN A RUN W Lmzqm'ﬁ"}mmgﬂLﬁaﬁ’lmmﬂmuu@”ﬁﬁqmmw

Data Condition score S

SXW
‘ Assessment function ‘ -
== —

gﬂﬁ 2.13 mei'mé'ﬂmaau,umi’]aaa@”‘*nﬁqmmw
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2.4 RFIARAAMNURULARILRZNUNTENUY IR B bW A

2.4.1 Short circuit between turns/stands (SCBT/S) of windings
AMNFULRAIINAITAAIIVIATLLE b ﬁﬂﬁqmwnﬂﬁmaw@m@Lﬁ'u%umi’m

LAY FINALALARANULFD W EI?LLLLN‘H%ELtﬁﬂ‘izﬂ&d%u’smmﬂ MMIRAIITHENNTAT

IMAaNTan19TuL LW EG LT PIBLULIWEABNITING FINALALARANULFIRIBBEN

v 1 di v dq, a &/ v 1 v
NINVINNADRWINYBIVANIA LZJE]ﬂ’J’]&JﬂSJLV’iﬂ’J%Lﬂ@]”ﬂ%%&laLLﬂRGVLWﬂ’]ﬁ]ZVL&Jﬁ’ISJ'ﬁﬂIﬁG’]%

Over current due to
external short circuit, = Winding
network overloading deformation

or inrush current L
[ MNon uniform voltage ‘

ga'le [15]

Ampere turn
imnalance

distribution in winding

Loss of clamping
structure

h

Axial deformation Flashover
or vibration
[ Insulation fatigue ' Short circuit
J' between turns
Short circuit Degradation of
between strands insulation

Increasea the eddy
current in core

gﬂﬁ 2.14 mm@;LLazwanimumaamsﬁma%ﬁmdw turns/stands [17]

2.4.2 Short circuited core lamination (SCL)

NMIRNANATIZRIWNAITLAROLUNULAAN (SCL) duanuaumarrialdfifiaduln
ununaspasndandas lasUndassfiasfaduiiasananufevnasasnaadauun
UNIEIHAS 02 WINYDINTITLARB LN UALFONTAIW mm%’auqamww:ﬁimmuﬂmamﬁ]
Aaduwldiiasannszualuain (Eddy current) nafautas Wi difasumaritliaunsals
Nuda e wammwadﬂ3’1u%’augﬂﬂﬁﬂﬁﬁ@m:mumsﬂauamwammm:%iwmi
waay Wenaruly anudwesawinerariliiie scL m”aLLa@alugﬂﬁ 2.15 HANITNU
289 SCL ¥inl#iianszua eddy current LLazLﬂ'wm‘sgfyLﬁmmuﬂma%uﬁwqmﬁgﬁﬁ

ﬁ']"l,ﬂ;jﬂ'mﬁ@ﬁ"w @iammmﬁﬂﬁlﬁ@w%ﬂmaﬁmﬁyﬂaagﬁ
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e,
Loss of core Degradation of Partial discharge Increase tank
lamination insulation between windings pressure
.
Y
————
Detoriorated /
core lamination
— .
Local overheating Short circuited Protection trip
R of core core lamination
Debris in contact Iy
with core
.
—_— Create excitation Gassing
Failure of core current
bult
.~

gﬂﬁ 2.15 mm@;u,a:waﬂi:‘nwaamséi’mwssz%dwmimﬁammumﬁﬂ [17]

2.4.3 Multiple Grounding (MG)

Multiple Grounding tTl3n#itsanuduimaIniad wluunuwnats Gaasrany'le
ENNANN ANMUTUIRAII MG 1Aadwld 2 55 @D AURUAIIYIARIUTRIILABNAN
AUNTNG HRIDANUINLARIVBIRUIBITZRIWUNUNA NN LIV VLS @”ﬁLLam‘lugﬂﬁ 2.16
MG a%“’mmmamguﬁwﬁﬂﬁl,ﬁmmw%augaLﬁuvl.ﬂmUluLLﬂuﬂanasﬁaﬁalﬁLﬁ@ﬁ”’m Gl
saulnnduiafin (CH,) Hinu (CH,) uazdadlalanau (H,) ludSunuifituidn (6]
Watfnanuaumadi niloudss lWiannsassnsldnndelyle LL@iﬂﬁZLLﬁ%&J%L%U%‘ﬁ'
Lﬁ@ifuifua:m"lﬂgimsamsé’wammmwd’m mimﬁammumﬁﬂ%oazﬁﬂmjmm

sumaluy ScL e

o ™
Failure insulation

betwesan core and ﬁ
ground
\

A [ Multiple core

Circulating
currents

Degradation of
insulation

Ell‘ﬁ 2.16 mm@ll,mzwammummmmﬁ@ Multiple Grounding (MG) [17]

Gassin

\ e
Failure insulation ].
between core and

clambing

Increase tank
pressure

2.4.4 Open Circuit and Contact Resistance (OC & CR)

mm@ynaﬂm@mmﬁummﬁam{[anaﬂmmaam?aﬂhu WINRUKEN LA 13
LRANFNIWY DIV ANNT LAZNIIAAIIIALWAN TaRuaNtaTaantsluwrlauilas

a -fl/ o vy a ) v A ﬁ Oqj (% 1 v A 23
autasatatarinlwTanuiniinly vinlimiiegaasleadeluinduaznaliiAanie

a &/ 1 v

arsuauNanan o Lafiau uazdinu YuagiuauTULIITaY hotspot AAFUIRAIDIT
iaanmaw indniadsimasuszay JUN 217 LAAIRIAAUITHANITNUBIAIN
ANLRAINLNEITRINLANNTAW [15]
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Contact
resistance failure

Poor contact
joint
Contact Overheating / hot
deterioration spot in winding
Gassing

UM 2. 17 MMQUATHANIZNUIIANAEUWAININ LT RINIANWTEW [17]

Degradation of
insulation

Short circuit
to ground

Melting

External short ‘]
circuit

2.4.5 Winding bulk movement (WBM)
Winding bulk movement fan13tadanfivasiaaiaudasigulasdfistisvaaia
ﬁue] i39I Un3RI AR INENaENIINANUTUARILAE BN AN [16]
FUWANIIANAR? LLam’Lugﬂ‘ﬁ' 2.18 mm@;ﬁ;ﬂﬂmaammé’ummﬁamiﬁmws
MunanuaznIzuannIzan IWiaasIAouenyi liiiausiuaman i nsnsei
209039l EN RN (UIIANumILNBLTuRITAT) aztndouvaadn U TunususuEa
gonnliaaaniagoui lulufianmoasenindam [18]

Inrush Clamping system
current failure

External short

circuit current Winding moves in
opposite vertical Bulk movement
direction relative to of winding

one another

gﬂﬁ 2. 18 SUNQUSTNANIZNLVAINIING Winding bulk movement [17]

2.4.6 Lead deformation (LD)

LG 28INIAA Lead deformation LLam"Li'Lugﬂﬁ 2.19 luszninsmavihanuzad
wilaudas vannazdaslasiusssulianifinsanaa Lead msfl,uﬁ]:l,ﬁﬂgmﬁaamﬂms
N3z a9usIn1ena AR ARIINN T2 uaSA2993, inrush current, WAk niatfiasannnis
NIZUNNNUANDULUBITERININITVWE ifuagjﬁ'umw;mmmao LD 813LAi@ arcing #38
flashover m'ﬂ,ﬁmgﬂﬁ]:"ﬁaUamzﬂzﬁﬂama"LWW']sz%’jw Lead LLa:d’mﬂs:ﬂaué"uq FIN
TiAamsnunauiin nmInInansvasawin [15]
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External short
circuit

Degradation of
insulation

Gassing
Increase oil
pressure

Flashover

Eﬂﬁ 2.19 mmmm:wammwaaﬂ’mﬁ@ Lead deformation [17]

Deformation
of winding

High inrush
current

Increase tank
pressure

A

Shocks during
transportatio

2.4.7 Core deformation

§%ANN3LAa Core deformation LLET@GVL’ﬂuEﬂﬁ 2.20 msLﬁygﬂLmumﬁﬂ"Laﬂﬁﬁm
A v 1 Aa‘y 1 d‘ o ] a &, U 1 A
Und@lundautasdlWin ussnszunndadudiuiivinemay tiaduszninoniszudiniasn
uHUAR WY wazmMIdaITMsuanluianauuwununiasadatavhlfiian o gy
= o d ) A A = = a a o A
BoIunWRAN Id nshusesniaudasniinadsdununananafielfoeduiiasann

mMIsuasiiauuniwly LLazmaﬁﬁvl,anjmsmUﬂs:fgmdmuﬁw [18]

Damage in
insulation barriers [
paper insulation

Extarnal short
circuit

Impact in axial /
radial direction

Shocks due to

Core
earthguakes deformation

317 2. 20 FLRGUATHANTENLBINTIAA Core deformation [17]

Shocks during
transportation

i

2.4.8 Conductor bending (CB)

#LwaN13LAa Conductor bending (CB) LLa@ﬂugﬂﬁ 2.21 N13lAIaITaILITIAN
LL‘H,’JLLﬂWIJWlJ@]a’mVLWﬂ’]LLNEJN (HV) i lAiAa CB N13Aa98U84a1 0138 INA LARUIU
=\ £
il

maiumam%ﬂ%mgq memLLuaLmuﬁmwmﬁag@ AIBUAINT AU LA
uﬁaﬂéﬁﬁmwzaQmsﬂﬁmsﬁué’m wsatra v ldiAaa NN wUWaIN Faazvinlwaania
16199852%319 Spacer blocks
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Bending in
conductors
(WMF-CB)

- N\
Axial forces on HV Beam stress on the
winding conductors
\. J

Axial forces on LY
and HY winding
—

Eﬂﬁ 2. 21 mm@guamaﬂimumadmﬂﬁ@ Conductor bending (CB) [17]

2.4.9 Degradation and again of insulation

1. Degradation of oil insulation due to water

mm@ynaamﬂﬁauamwmaaﬁﬂﬁu%ﬁaLLﬂadLﬁ@mnmm%uﬁﬁa%ﬂuﬁm”u
anuiuazaranadnith g lunioulaslasriiunszuaunisaandiesunislunianouan
ium3ialna nszuaunnseendiesusesinsnAaduisonnasuuaz iR an Il
Conservator tank mm‘hg]@mnu%uﬁlﬁauamwLLazLﬁﬂﬂ'nu%um”wvlmﬁaLﬂwﬁa ulad
Lﬁiamsﬁwga%’ﬂm mitassmoimaglagluaminnizans (Aaanuiaugilurnlilnag
Aw) doduunaseandandndan Tasuaug laud anudu auna (lang arsvan (dule
\Hon) waznosuas iludisnlfAsindmsunszuaunseendiaduvanisiulunsdouas
1WA 18] %aﬁmﬁ"umwuwuﬂumaamn%"a;uamwmaaﬁm”mﬁauﬂaa@%LLamlugﬂﬁ'
2.22

PO (winding

-

Short circuit
(winding)

Impuriries such as & tank
particales and cupper $
p y &
Oxegen (tank, breather 0il oxidation
and conservator

Degradation

of insulation

due to water
in oil

Breakdown of
ol msulation

Overheating Cellulose aging
(tempurature)

Water vapor/free
water molecules

Water (moisture)

Reduce
cooling

JUN 2. 22 MIAGUATHANIENLYBINELFDNRN WA UNN [17]

2. Degradation of paper insulation due to water
A ~ A A ¥
mmqmaamil,aauamwmaam:mmmm"lﬂugﬂﬂ 2.23 QOANDH (Inlslaga) 1
(lalavlada) uazeandiau (eandiatu) lwirdundeudasdusingnanvasnitas
amwﬁaﬁiaa 99U RANNIRINBFINAADNTLRONIFATNUDINTZON
= 2‘ =\ ﬁ‘v (= Qs tﬂl o g dl 1 v
nmifvimTeanaduduiiisfidsagngalunisdessaisnszaislundauyas
WA anuduwsur o ldlunszanwvinlw Lﬁ@mﬂﬁammwmaaLsnagiaau,a:ﬁw”u
[l [l { Q v o 1 A v 1
amuﬂsxmuvluagluamwﬁﬂamuvlmmﬂmmuiuLaqaﬂgiﬂaluaﬂUiswmuaﬂmw 200
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w3adnindad na DP [19] m”dﬁfuﬂ’ﬁ"l,aimvl,a%a?ioLflumm@;ﬁm”rymaamnﬁammwmm

BUINNITANN
Oxygen (tank,
0il oxidation co, co2 Short circuit
breather ™ . -
and acids (winding)
conservator) . ¥
Oxygen supply
|
——,
Overheating o Cellulose oxidation Degradation of
1| (temperature) insulation due to

A

Pyrolysis process
Water (moister) Water vapour/ free
water molecule

water in paper

Hydrolysis
process

Reduce
cooling

PD (winding
& tank

Ellﬁ 2.23 mm@;LLa:Nan‘i:mmaamsmilﬁauamwamumzmmmﬁ,’] [17]

3. Degradation of oil and paper insulation due to temperature

|1 L%@l"llE’Nﬂ’]iLﬁﬂ&lﬁﬂ’WWLﬁﬂdﬁ]’]ﬂqm%ﬂﬁ?.ladﬁWNW%LLa$ﬂ3$@7HLLﬂ@dVLﬂ%E‘]Jﬁ

224 mva“yuaamwu%augmﬁuﬂn@é’amm"lﬁmn AR laaslvan N1 waiuuaad

:’ e 1 dl tﬂl v a o Y A g dl o v Z’ e dl
muu"l,uml,a:aue] Nﬂﬂ@n&l&]’]‘ﬂﬂdﬂ'ﬂlﬁﬂufﬁdLﬂ%‘lﬂ mlvxm@mﬁlmwﬂ%amumumaau

A ' & £ [ v A A A v
annw B9ldndiu nssemiueuuaznanaesldananuiiandug aduldldd

IR R AW IBIN N WLFAURAIN ﬁ;@L%aw@iaﬁ"lajﬁﬁmﬁummﬁmmm AITURIBNTU

nIzua bR sdﬁadowalﬁﬁm”mm:mm%augaLﬁuvl,ﬂ mmﬁ”aufﬁaLﬁ%‘lﬂﬁ]:ﬁﬂﬁlﬁ@ﬁ”ﬁsﬁ

LT CO, CO, az H,0 dau Nam:wumﬂmﬂamaﬂmmai"nwial,ﬁaaﬁﬁvl,ﬂ;jmi

LROUENINY BINTZATHAUI [18]

General
overheating

Cooling
deficiency

Poor
distribution

Degradation of oil
insulation due to
temperature

Generation of gasess,

carbon and other
degradation process

Poor joint Increasing il overheating PD in winding Short circuit
contact & core in winding

)

Magnetic
flex
Core
overheating

Abnormal
circulation

Degradation of
paper insulation due
to temperature

Local
overheating

Gassing (co, co2)

gﬂﬁ 2.24 mm@gLtamam:wwaamslﬁawam‘wamuﬁw‘”uua:m:mmmqmﬁgﬁ [17]
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4. Degradation due to aging of oil and paper insulation

mmqmaamuﬁamamwmammui{wu”mm:m:mmmmvlﬂugﬂﬁ 2.25 N13L0a
AnNaNra A elULaTABUEN WK NMTAAIITANEUENBLENIRLN, NTlatiaslran AT
ﬁﬁmu@imﬁaﬂuqmﬂgﬁﬁgﬁu sz nMsvuluaninuesauminsuasy azvinld
Useansnwaasihdunianszanswaiaudadowlyl meldanizmail mafaanu
SourlAAafe699 153 Hy, CH,, CH,, CoH, WAz CoHg WAz CO, CO, Wae H,0 find

1 ¥ a ,&’ L) a o v A 1 2/ b
WA HAAY AN ﬂI@"ﬁaaqmﬁgmma 9 mlmﬂ@mmamam UI%%’]&I%%%QI%T’]SZ@’WE [18]
Gassing (H2, CH4, : Degradation of insulation
CH2, C2H4, C2HB) due to aging in oil
PD in winding Short circuit
& core in winding
- Degradation of insulation
due to aging in paper

gﬂﬁ 2.25 mm@;LLazNam‘:ﬂwaanm?«'auamwo.,muﬁnu"’uua:m:mmwnmgj [17]

Overloading ,
short circuit
moisture ect

Gassing (CO,
€02, H20)

2.4.10 Bushing failure
£ A‘ 04 ni v ai n' =

mmqmaammaummmmqwdmuamlugﬂw 2.26 %u’]ﬁ“ﬂﬂdq%“ﬁdﬂaLLﬂﬂvLWWW
TERIWDIUAZVARIN LAzt TaudaraaIanuszuy W N auanvauladtuin Inuaanu
U > QI Qs > QI =% J v § =)
awmmmﬂmaaqfﬁmﬁamiamws msamoaﬂuqaﬁmmammu"l,mﬁmmnmmm

a s Y v (=) J v

ﬂﬂmﬂuaamqlumﬂmﬂﬁaLﬁaamnmwmﬁﬂmﬂ mmL?mmygﬂmmmammuvl,@mn
uHudwlng [34]. Fedranfeduiiusznindmdeudatuazysdsdosuinadiniie lulw

=} ?,’ £ v = | &3 -] ?,’ o s 1 a a )
anansating i lundauilad aﬂmimummm:mmaglmz@uﬂﬂ@] AINRN BRI

é’oagiuanWWLLaﬂﬁauﬁﬁwaﬂwqa azdpsnnaymduiszdn (20)

Inelastic Water penetration
gaskets

Lack of maintenance " t Sludge H Fault in insolation J

Aging

material

Careless handling

¥

Sabotage, stone Damage bushing
throwing
"y

gﬂﬁ 2. 26 FURQUATNANIZNLBINIILNG Bushing failure [17]
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& a =< ad a v K A o A A
Iuﬂ'ﬂ%ﬂﬁ‘ﬂﬂElﬂdﬂ']iaﬂﬂLLUU’J‘Eﬂ’]SﬁJiZLN%ﬁﬂ’]W%&JaLLﬂﬂGﬂd'ﬂN’ﬁladﬁ‘ﬂﬁ]EW]Lﬂ'PJﬂ

Rl AN SRR IG PR A

ad a ‘:!I
3.1 AUz tinanuLRe

@FﬁﬁmmL'?maLfluﬁ%‘%ﬁdﬁlﬂumsﬁmsm’mmm"w;o%’nHmi]’a wag Wi Tag

wiisaantdu 2 aunlslunidiianeiae 1. GTC (General Technical Condition) TH&1WIL

Urzlinaniwuadndoulas 2. GSI (Global Strategic Impact) I%Lﬁa@mwﬁm”mﬂamﬁa

wasudazan lwan39n 3.1 nslwesuuuannisUsatdnan inyadndantad tWwanle

‘ﬂ’]ﬂﬂﬁW’W?’TﬁL@]ﬂﬂ%@ﬂT‘IGﬁ 3.2 Q:Qmﬁaﬂmwmmmmmw smﬁaﬁaanamazﬁunu

ﬁ o v o s U s 1
Faazvinlwan NﬂiﬂU’]}'x‘iSﬂHﬂ@ﬂuﬂ’Nﬁ

a39N 3. 1 GTC awlwni Wlumanaiia [4]

eTe (Sanluvinlumainadia)

1M 22y lTIUn
AN o\ (3 ! .
FON fAaduny ANARII
GTC
Tagtlszanm
85-100 Au1n LRANFAINAIDLRONFNNWLANYBE YNNI 15 1
= A ' ~
. JnFaNsnINYaIRInLSznaUN .
70-85 @ = , ¥nni 10 1
fAUIIaE
MILFOUFN NN AL IIUNTAANE
50-70 1unand PIDNIFONRNINAL1ITIBLTIVD I o9 10 4
gandsznauundagg
30-50 ADUTN I muﬁammwaLm‘gw,l,salwmﬂi“w wasnin 3 1
0-30 LEININ MAFBUNINATULY RUARNIN
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No. | &uUszneudafinnnuiss K | msl¥inusinzunu | GTCF

1. DGA 10 |AB,C,D,E 4,3,2,1,0
2. Power Factor 10 | AB,C,D,E 4,3,2,1,0
3 Oil Quality 6 AB,CD,E 4,3,2,1,0
4 Furan or Age 5 A,B,C.D,E 4,3,2,1,0
5 Turn ratio 5 A,B,C,D,E 4,3,2,1,0
6 Leakage reactance 8 A,B,C,D,E 4,3,2,1,0
7 Winding resistance 6 A,B,C,D,E 4,3,2,1,0
8 Core-to-ground 2 A,B,C,D,E 4,3,2,1,0
9 Load history 10 | AB,C,D,E 4,3,2,1,0
10 DGA of LTC 6 AB,C,D,E 4,3,2,1,0

AN7#13232849 CIGRE Working Group 12.05[1] 224#alaudad INAAddaunwsas
81NN31 1,000 La3adlull 1967-1978 uaaanalu [1] 1INWANTIEII9 &UN131 3.1 onld
Walwihnineudsaguasmatszidusninaasndalasauilasibudanuianaie

' AaA o 1 v 6 = 6 A a &
nndulnaunddeunwiasvamdaudas 40 Wafidudvatainguesnnaialndin
81970 LTC a9t dadl3znay LTC S9gninualunisdiwimdl GTC 40 iafidud

IAnuAn 60 Llasidudiiniinlsznaulagivtasgnwraaunlad

0 KGTCF,

9
—4 K:GTCF,
=17 j j

e 1100

GTC = [0.6% T — T

j=1 4K j=10 4

(3.1)

, a & o % 9 = & d4d o

daan Aa Tz RRanTEnurI nua LU IR T AT a9 TN A gN NN RANR T a8
lFuat a13199 3.3 AN WAUANULRR BNz AT WA N ALY 8 W AT aT 89 uay
WITALA N M N T szt i wiaad 13 lwans1en 3.12

TN 3. 3 HANTENUYIN Wneamwnasas (GSI)

A3ia GSI | anw Description

85-100 §947N ﬁmwmﬁmgemn
70-85 R ﬁmwmﬁmgx‘]
50-70 1unansg ANNLEINUNENS
30-50 éin ANNLEDIE

0-30 frann ANULEEEIN
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3.1.1 GTC (General Technical Condition)

WU TNMIE U I N RN TN N N TR UA RN B U AN VLRIV BIA NN VAR IV 9
v 1 d‘y v a k% a a v a % a 6
wlaudadlwih lusuiniunstszdugninlasdrsdsannmiissluefamonindines
gagafls 24 wandiaat [4] agelsfiany Wasanmslianzdwindiaesiuwuaind
AlFiogeuazldiaanuwin unanuidafenminiiieeindmaydmiunmalszidiinvanii:
Astruvesnsautadind lasazinsdsafinaminAiaasifas 10 a1 lewd DGA,
Power Factor, Oil Quality, Furan wie Age, turn ratio, Leakage reactance, Winding
resistance, Core-to-ground, DGA of LTC LLaz Load history lagnsdiaasnd 10 eaidn
WislaasnmMImslslunimesaunlsnuwagnsunsnanainnudanuaziniinuan |y
' % a A A o oA 1 2 1
MUNAFIUBENTALIY AuLsangianeantl twnzdudf lsansanaseulaaing
dugtissyrunlafidntingaan Sudusaanmydidunmaai
3.1.1.1 Dissolved Gas Analysis (DGA)
A a {3’ > & add A A =) 6 o o a
MsnasauiiaesAinin Juitni e dawazddsslosidniunisUsain
UszanTninzadaminlasNansanannUSuawmaniiaanaNuAaNaIanIsaA NN Tau[3]
P @ o & | AL Vo Al — & a . @ {
nsfedvasisdednuamnnddsensnedinamnnddlasfe H,, CH, Buriada 0
paunDil 150 BdANLTALTEE, CoHp LNNMNAUNNE 250 BIALTALTLE, CoH, LiNraeIN
gounnd 350 ad@NTALTE LAzNaMANTFS CoH, 32130M86021N 500 89ALTALTUH
(Faaalan) w3a 700 asaioalBua (@15nneln) [21] WL ILFONFAINYBINTZAN Y

'
o A

21 CO Wax CO, a:ﬁaqumwnﬂﬁgaﬂ’h 100 a9eLTalTe [6] LhadannUIuimuas

foiiAatw Sadudeusinauinisnnuideurseanuialndnslundaudaslun
DGA uisnsnidis:laaduazanisald lda59355ils Genmsnesavld IEEE C57.104
[22] mydreiindssansamldaunisn 3.2 iMetseifindss@nFainaosingi nan1s
Uszindseansmnusadliluansied 3.4 angunisen W, %%a@?’aﬂmﬁmﬁﬂ Uae S; @

@199 uEaIluasen 3.5

Ly W,
DGAF = —/—— (3.2)

=1 Wi
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7197 3. 4 mIlwazunwnsauaseuen DGAF [3]

Rating Code NN A1ty
A f DGAF < 1.2
B nausule 12 S DGAF <15
C F097279 1.5 < DGAF < 2
D Le) 2 < DGAF <3
E LeaIn DGAF 2 3

d' [ v :/ a o ey
@13N 3. 5 LﬂEW’V]ﬂ’]ﬂ‘ﬁﬂzLLu%LL@:%ﬁﬁ%ﬂﬁ’WﬁUﬂﬁ‘ﬁ [3]

AZLUW (S))
Ny 1 2 3 4 5 6
H, | <100 | 100-200 | 200-300 | 300-500 | 500-700 | > 700

CH, | €75 | 75-125 | 125-200 | 200-400 | 400-600 > 600

C,He | <65 65-80 80-100 100-120 120-150 | > 150

CHs | S50 50-80 80-100 100-150 150-200 | > 200

olw|w|lw|Nn|[S

CH, | <3 3-7 7-35 35-50 50-80 > 80

CO | <350 |350-700 | 700-900 | 900-1100 | 1100-1400 | > 1400 | 1

CO, | £ 2500 | 3000 | <4000 | < 5000 < 7000 |>7000 | 1

3.1.1.2 oWt (Oil quality)

waNIINNITMaFaY DGA uia lassai19dng damunindsndndszfnsnines
induniloutasld lidnezdumsnegeumatainsansnasaumImenw 15w U5
WUz a0nTLaw, wsIaIR, suianudunte, Anuduawin, & draftazuand1ai
lUauvmavainiautasuazang (5] mmgmﬁl*’ﬁ‘lumsmaau éun ASTM D1553,
ASTEM D971, ASTM D974, ASTM D924, ASTM D1816 , ASTM D1500 lun1inasay
AURA [4] mmmmﬁ%@qmmwﬁwﬁu (0QF) ledanaunisi 3.3 Taglddainains

7 3.6 LNaFWITH

2
W,

SixW.

OQF= (3.3)

S, waz W, tduazuuuannnsyUssdneazfasan1sa9 i ninanud1auLaad b

AN319N 3.6



anT9f 3. 6 MatszdudmnSmasinguawinaa IEEE C57.106-2006 [4].

69 kV <U, < Score
Size / U, < 69 kV 230 kV S U,
230 kV (S)
2 45 2 52 2 60 1
Dielectric strength 35-45 47-52 50-60 2
(kV/mm)(2mm) 30-35 35-47 40-50 3
<30 35-47 40-50 4
225 2 30 < 40 1
Interfacial tension 20-25 23-30 25-32 2
(dyne/cm) 15-20 18-23 20-25 3
<15 <18 <20 4
<0.05 < 0.04 <0.03 1
0.05-0.1 0.04-0.4 0.07-0.1 2
Acid number
0.1-0.2 0.1-0.15 0.07-0.1 3
2 0.2 20.15 0.1 4
<30 <20 <15 1
Water content 30-35 20-25 15-20 2
(ppm) 35-40 25-30 20-25 3
2 40 2 30 2 25 4
<15 1
1.5-2.0 2
Qil color
2.0-2.5 3
225 4
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MYNN 3.7 AZUUWNINATALIA WMNE [4].

Rating Code NN Anaduny
A @ OQF < 1.2
B pansuld | 1.2<o0QF <15
C DI 15 < OQF <2
D el 2 < 0QF <3
E Ly OQF 2 3

3.1.1.3  §13sznauWsiin (Furanic compound)
A X , ¢ o

dussiifedulasnisdasamoioag laarasawIun Tz Giuaadangmlin
MndovesnnawladlWiia iy IEC 61198 [23] N133La312H Furan L1 JuiTn1sienssn
RZAINNIINITIALALATIURAUIBNTZAN Y [3] Furan Av1dszinn wandonldlung
a1 laun 2-furaldenyde (2FAL) twsazidudszinnitiedtadnunisdasaans

A A Mo A a a =) @ o A

waglaguiniiga n1anaseuiltlaldiadndswidundaudaiuda asainaz

1l nurass mﬁmmm’[ﬁmqm a3 ot ad IR LT win i e LN AN IR A LA

Il
a

LEAIIA1T19N 3.8

¢NINN 3. 8 ﬂ:l,mumﬁmﬁzﬁmsﬂszﬂauwuﬁﬁn [3].

Rating Code | Furaldehyde [ppm] Fwand
A 0-0.1 #aunin 20
B 0.1-0.5 20-40
C 0.5-1 40-60
D D 11NN71 60
E >5 -

TunInagey furan wnltidenuivdeulsedidr co w3a CO, g9 uazlddmiu
%ﬁauﬂadﬁﬁmqmﬂ‘*ﬁammnndw 25 I 9nmInaseuTayanInnin 30,000 Alad
minaseuluadia usedlwiduirtoya furan Vl,aié'uw”ufﬁ'umqmamﬁauﬂmlumﬁoﬁ 3.8
@”aifumiﬂsuﬁumsﬂi:ﬂauﬁﬁﬁnﬁaﬁmwﬁm@a@mua:mmsmmaaﬂmﬂms

Uszidulaidadnsmnendmsuninasaulwwananiun
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3.1.1.4 Tap Changer
& A & o o A a &
NNINAREU DGA 284 Load Tap Changer tJuanysziaud1aggnaisitasnzv an
[1] 324131 40 Wasiduduasnnuianaravadnaouladiniiiuiaain LTC 1ag LTC
1 <) 1 J 1 v 1 a v dl 1 =
wiseaniduldszinnens 9 muagﬂ‘umﬂm wazUsstanazinan1TiRazLuuNLaANA1IN

MAUANTNN 3.9 AN 3.4 CALARIAIR A R T PIRL GG EATRISY DGAF

MTNN 3. 9 MIIADUALVEI LTC a3 DGA [3]

Score (S))
Gas 1 2 3 4 W,

CH, <30 30-50 50-100 2100 |3

veouum 1l C,Hg < 20 20-30 40-50 250 |3
C,H, < 50 50-100 100-200 2200 | 4

C,H, <3 3-4 4-5 25 S

CH, <100  100-200 200-300 2300 |3

Al o Lo C,Hs <50 50-100 100-200 2200 |3
Cobt: <200  200-400 400-600 2600 |5

CH, <500 500-100 1000-5000 25000 | 3

CH, <200  200-300 300-700 2700 |3

Reactive LTC = | C,Hs <100  100-150 150-500 2500 |3
(Diverter comp.) | C,H, <300  300-500 500-1400 2 1400 | 5
C,H, < 1000 1000-3000 3000-7500 27500 |3

CH, <50  50-150 150-250 2700 |3

Reactive LTC | C,Hg <30  30-50 50-100 2100 |3
(selector copmp.) | C,H, <10 100-200 200-500 2500 |5
C,H, <10  10-20 20-25 2 25 3

3.1.1.5 Power factor
LﬂumimaauLﬁammaammwmawﬁaLLﬂJaaLLazHﬁ%amﬂmséwmwﬁa wUad
WieBuaziuasnidoslduas JIMCC lull 2544-2557 wunwslaudasiwiidadasfitia
mnqﬁaqaﬁd 23.41 Wasiiud ﬁﬂﬁq*’ﬁ%&Lﬂué‘ﬂaaﬁﬂs:nauwﬁlaﬁmﬂﬁmmauflal 3
maaué’aﬂi:nauﬁﬁaﬁamimaauLﬁam’maauamwmammmﬁuﬂs:qs:wj’mmm@
AR LLazi'a@;m‘*ﬁi'awﬂ”u ildlasniiaanugawinzasmiaudasiniiuazdiszney

'
o e A

maammm"’u"l%lﬂwgaﬁa 10 kV (1 50 38 60 Hz) g@mn*ﬁ'@ﬁam@m@LLsago-ﬂsn@T,
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m@mmmga-m@mmwwﬁm PYARIAUTITHEN-NT1IA VARIALIIEY tertiary-N3N%, YAAIA
WIIES tertiary-wmml,sw‘i'] tertiary LAZUARIALIIAN tertiary-N313G [5] AN PF o an
Amua 13 luanef 3.11
msUsziunmaliduduniteluitnsnaseufswnsadssi i naninzrosun
manuazaaaramelulaglidasdeds Sodunindinesildnuldass uazaaiauas
alganslay [1] LLamdma"uaommﬁmwmmmﬂﬂﬁwqaﬁa 29% 9WNINasay Turn
ratio, Leakage reactance, core to ground resistance LL82 winding resistance %ammmsl%
a1379% 3.10 Tumslwasunn
@n‘n\‘l‘ﬁl 3. 10 MIIAUALNIINAFDL Tum ratio, Leakage reactance, core to ground

resistance LLaz winding resistance [4]

Ratin
Turn ratio (TR) Core-to- Winding
g Leakage reactance
deviation of actual to ground resistance
Cod deviation [%]
declared resistance deviation [%]
e
A ATR < 0.1% AX < 0.5% R > 1000 AR < 1%
100 S R <
B 0.1% < ATR < 0.5% | 0.5% < AX < 1% 1% < AR < 2%
1000
C 05% <ATRS1% | 1% S AX < 2% 10 SR <100 | 2% < AR<3%
D 1% < ATR < 2% 2% < AX < 3% 1SR<10 [3%SAR<5%
E ATR 2 2% AX = 5% R< 1 AR 2 5%
a7 3. 11 N1 ezuwwaalsEnaUmas [5]
Rating Code A1znauiaIgIza [%)]
A PFrac< 0.5
0.5 PF, . < 1

1 S PFac< 1.5

1.5 < PFoay < 2

m| OO | @

PFrax = 2




3.1.1.6 Load History
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lumsdiauds suninld Peak Load idaufitiufinliiNeatiuauudszialnan

o Qi v ] v 1 L 1 d‘y
Tunsdume UszmmﬂmwﬂmmimmLLm@numﬂqwmmﬁﬂmim@m"l,ﬂu

NO: ¢ S/Sg AfHa8N31 061=0

N1: 6 §/Sg Hfnagf3z1ing 0.6 uaz 11 = 1
N2: @i S/Sg Hifnagazning 1 uaz 1.3 1= 2
N3: @1 S/Sg Hifinagining 1.3 uaz 151=3

N4: @1 S/Sg AF1anni1 151 = 4

lauf s Aelnangigasioiionuss Sg Aalnaainavednsiaunilas LF Aa Load

factor condition %dﬁ’]&l’]iﬂﬂﬂﬁ’ﬁ]’]ﬂﬁ’]&lﬂ’ﬁﬁ 3.4

“ N
i=0 Nl

a7 3. 12 Nslazuwen Load history [24]

Yo @-)N;

(3.4)

Rating Load factor Condition
4 LF =35 &
3 25<LF<35 gausule
2 15 SLF<25 (893239
1 05<LF<15 el
0 LF £0.5 WeNIN

3.1.2 GSI (Global Strategic Impact)

ANUaI0268% GSI LTUAINLILANDINANAINNIVAINNVINLIARRIVDIRN BRI

a V& ' 3 a & = 6 o v
VLWﬂ’W mmugdmﬂ@ NRNITNUNICHININYY @n&lﬂ&lE'JLﬂi‘]&@ﬂﬂﬁ@]‘iﬂ’]‘i%@]ﬂ’]‘i%ﬂﬂLL‘]JEN

CIGRE WG A2.20[2] Hansenuwiitdn 5 nvdl waluunanuiinaziianiznsdiniie

AMULFERIL NN tagiiunanudasanaluiiatduran aaaaawNanIzNUaIh

WATBENANNLITRY , TI0NI. ANNUREAABYBINTNITULAZYAAR UAZIZALNANIE [25]

anuUaaansuadszu WY ausRnInlunua st @1 GSI wildanngums

@35

GSl =

Din-1 S0

3N

ore,,
— x100%
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Tauf n Aadwidiaasle GSI factor waz N AadTwIunIdtaasninuale GSI

factor

eNIWN 3. 13 mﬂﬁ"ﬂmuu GSI

GSI factor (n)
Score | anuUaeany | anudaaansuad | ANNEINITOM JLAUNANIY
YBINTNIFUUAZ sruy b NNTUUID
UAAS
0 Tailgrnou ﬁagmﬁ'ﬂﬁﬂﬂ ﬁag’mﬁmﬁ;’ﬂﬂ walaaalssn
1 - - : el il
nsUaaanit
2 sl,u"gwu/l,?}m@ia GUSTEIIN dunun1I WALITIULEEA
mirzida T5awenua/ 8319lnd/ s
udaya gaLdumMINGe/
@Tunuﬁlvlaj
FA1INAILAN
3 = 4 = ALIIIULEEA
uazagfanzia

3.2 LNSNBANNLREY (Risk matrix)

L%J‘Yl%ﬂ‘gﬂ’)’mL&UGLﬂ%L@Jﬂ%ﬂ‘fﬁ’)ﬁJﬁl‘ﬁﬁ’] GTC uaz GSI I@UﬂizM’IMLﬁﬂ’J’NLLN%

=S 4:“{' = = A ' v a A L o A
6 ‘ﬁdl%ﬂi'lwul,l,ﬁ(ﬂdﬂ']ﬂlliﬂﬂLV]UUV]LL&@G’]’]%&I@LL?J@G&J@’] GTC tANaBhNY LINLLUYBN

q
v

%uauﬂmﬁﬂ‘ga%’ﬂmﬁﬁm GSI gaﬂdﬂmﬂmﬂw mﬁ]agmu"[ﬁdmﬁauﬂmﬁmﬁauLﬂu
niaudas Wi ndszuenieaglulou F uanfiuazaaniudrdnyaaa D, C, B, A 9w
f10U L@t iNea NN TN aNATaIANTIIAIWIIAIAATT19 Risk Matrix Lagluwan3e
g = B v & oA " A eaa o

Unananazidumsssdnansdszilivuaigs g3insuaasriwindiaasndanuini

$¥29 %38 LL?.T@Lamfwii]’aLLﬂaoé’aﬁ%mmqmﬂ%&wmﬁh

3ﬂﬁ 3. 1 risk matrix
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P>
unn 4

a ¢
NaNIINAFDULASNIIILAINEHHNA

41 wan1sdsziinaninnaondas liwy

4.1.1 vauilasdafi 1 natanasauafinm 115 kV, 50 MVA
4.1.1.1 namIUszidnen DGA vanaiouasdaf 1

nnImageunTaulasdaf 1 61 DGA ﬁ'maau"l,ﬁmn%ﬁaLLﬂaaLLamagmu
an3197 2.1 1iovhan i lellgluanansdumnafiladansioutaseaiiidn DGAF fa

1 9u3UR 4.1 uaz3UN 4.2 UaAIAN Rating score YBININAFEU DGA

TN 4. 1 A1 DGA N ldanmMImirauvidaula3a2n 1

nney
H, Crih \ GG | B Y0P | CO,

dflaannmsnagay
4 13 10 22 0 102 1274

Scoring and Weight Factors for gas Levels

Score (Si)

Gas 1 2 3 4 5 6

H2 <100 100-200 200300 300-500 500-700 >700
CH4 <75 75-125 125200 200-400 400-600 >600
C2He =65 65-85 80-100 100-120 120-150 >150
C2H4 =50 50-80 80-100 100-150 150-200 >200
C2H2 <3 37 735 3550 50-80 >80
co <350 350700 700-500 900-1100 1100-1400 >1400
coz <2500 <3000 < 4000 <5000 <7000 >7000
DGAF A 1

AzuuY

HS
z

[N I 7 e O Y

(8 P e
8 T T O S

gﬂﬁ 4.1 Eﬂmﬂmﬁaﬁ’lmmﬁammm DGAF A3 au/asnn 1

Transformer Rating Based on DGA Factor

Rating Code Condition Description Score
A Good DGAF < 1.2 4
B Acceptable 1.2 < DGAF < 1.5 0
C Need Caution 1.5=DGAF=2 0
D Poor 2<DGAF<3 0
E Very poor DGAF =3 o]

gﬂﬁ 4.2 gﬂmﬂiﬂil,lmuﬁﬁmmlﬁam Rating 189MINagay DGA nNaulainin 1

4.1.1.2 Wan1vdszidinen Oil quality TadnaauLlaialn 1
MNNMINAFOURNBUURIAIN 1 @1 Oil quality ﬁ‘n@aauvl,ﬁmﬂmj”aLLﬂaaLLamagj
A9 4.2 Wathad ba llaluarnamsdmimnan ladendaudasarftiian oQrF

A 1 M3 4.3 UAzUN 4.4 LEAIEN Rating score YaInInagay Ol quality



MTWN 4. 2 /1 OQF NldanMINURaUVNaULaIAIN 1

37

Parameter
, Dielectric Interfacial Acid Water Qil color
1 =) v
AN leaNnNNT .
strength tension number content
Ny
76.3 33 0.03 2.9 1.3
Insulating oil parameters evaluation based on |EEE C57.106-2006
Size fUn =6akv 69 kv <Un=230kv 230kV=Un Score(si) wi AzwwY |Wisi
545 252 260 1
Dielectric strength 35-45 47-52 50-60 2 5 a 3
{kv/mm}{2mm) 30-35 35-47 40-50 3
<30 35-47 40-50 4
225 230 <32 1
interfacial tension 20-25 23-30 25-32 2, o 2
(dyne/em) 15-20 18-23 20-25 3
<15 <18 £20 4l
2005 2004 <003 1
0.05-0.1 0.04-0.1 0.07-0.1 2
Acid number 1 1 1
0102 0.10.15 007-01 3
202 2015 201 a
<30 <20 =15 1
Water content 30-35 20-25 15-20 2 B . "
(ppm) 3540 25-30 20-25 3
240 230 235 4l
=15 1
Oil color Lo 2 2 1 2
2025 3
225 4
oar= [ T2¢9¢t
a o A w ¥ . 7 o o A
3N 4.3 gﬂmﬂiﬂmmumm W arIFIA1 Oil quality i auUasaIn 1
Rating of oil quality tests
Rating Code Condition Description Score
A Good OOF<132 (o
B Acceptable 12=0QF<15 @
C Need Caution 15=00F<2 1]
D Poor 2=00F<3 0
E Very poor 0OF 23 0

UM 4. 4 sUnnlusunsudwanuien Rating 283manasay Oil quality walauaada 1

4.1.1.3 WaN13UI2LAWA" Furan content UadnNauilaiaan 1

INNMINAROURNBLURIAIN 1 @1 Furan ﬁmaau"lﬁﬁnﬂ%ﬁaLLﬂmLLamag’mu

3197 4.3 Wathefle lWlaluansemsdwianan lanendautaiaiiiar @1 Rating

A A A
score V83NN LU Furan aa 4 @lf]NV]LLﬁ(ﬂﬂlugﬂ'ﬂ 4.5
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TWN 4. 3 A1 OQF N ldanMINURaUVNaULaIAIN 1

Parameter
AN laanNm3 Furaldehyde
NaARY -
angnaauila 25
Rating Furanic or age
Rating Code Furaldehyde[ppm] Age Year arnuUY
A 0-0.1 Less than 20 4
B 0.1-0.5 20-40
C 0.5-1 40-60
D 15 More than 60
E >5 -
Y
Score \._u 4
normal

UM 4. 5 Unnlunsudwaniiem Rating 289nnesey furan ndaudaddaf 1

4.1.1.4 Nan13U5zL0uaN Power factor 483%NalUaInN 1
INNITNARAURN aLIRIAIN 1 61 Power factor ﬁmaau"l.ﬁmn%ﬁaLLﬂaaLLa@aagj
~ AP LY A : 3 AN va ') o Xa, '
ANNANTI9N 4.4 Llaun N bl lalwanT1anisd i mian laaanaattasaai e an

Rating score 79nInaday fa 4 mufiuaaslugif 4.6

ATNN 4. 4 A1 Powerfactor 1 1@aNNMNINURAUAN DLLRIGIN 1

Parameter
\ oA
AN laaNnm3 Rme
Ny 0.48
Power factor rating
Rating Code Maximum Power Factor [%] AT

A PFmax < 0.5
B 0.5 PFmax <1
C 1 <PFmax< 1.5 4
D 1.5<PFmax < 2
E PFmax = 2

Eﬂﬁ 4.6 Eﬂﬁ]’]ﬂIUSLLﬂS&Iﬁ’]WJm Rating 189mMInagay Power factor #uauUaiaan 1
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4.1.1.5 NaN1TUIZL WA Turn ratio VoIRNaURIAN 1

INMNNINARDURNBKURIAIN 1 @1 Turn ratio ﬁmaaﬂﬁmn%ﬁauﬂmLLamagji
A A o . A ) ° AV e o o Aa '
ANNANTIN 4.5 1Ao7 Lo b 1 alwanT19n1Id I AN la A an ol ada i e @0

Rating score ¥84MIn@&ay Tum ratio Aa 3 anufiuaasluglfl 4.7

¢ 4. 5 @1 Tum ratio N l@NMINURALRN BULAIAIN 1

Parameter

FNN LeINNNT ATR%

nagay 0.19

Turn ratio rating

Rating Code Turn ratio (TR) deviation of actual to declared [ E155T)
A ATR<0.1%
0.1% < ATR < 0.5%
0.5% < ATR<1% EY
1% < ATR < 2% )
ATR 2 2%

mlo|n|we

h %
L Y

.

gﬂﬁ 4.7 gﬂﬁrmiﬂmﬂmﬁmaml,ﬁam Rating 284mIna&ay Tum ratio alalilasain 1

4.1.1.6 wan13Usz1dneAN Leakage reactance 203ndaulasain 1
NNIINARBURIBULRIAIN 1 A1 Leakage reactance NNagay ldannrsaulas
i A A o St ' 4 AV oA o o Xa

ULEAIDE AWM 4.6 L ainan Lo il alua1319n13d wI e e Aav v anl 89ahil

@n ¢ Rating score 18ININARAY Leakage reactance fia 3 aMuTILaadlu3LN 4.8

4 \ 20 o > o
®13791 4. 6 A1 Leakage reactance V]VL@ﬁl’lﬂﬂ’]‘mflJaa‘]J‘ﬁﬂJBLL‘IJE\]\‘]@’J‘Y] 1

Parameter
Ay o o
A laannis AX%
nagay 0.78
Leakage reactance rating
Rating Code Leakage reactance deviation [%] AznUU
A AX < 0.5%
B 0.5% < AX < 1%
C 1% < AX < 2% 3
D 2% < AX < 3%
E AX 2 5%

gﬂﬁ 4. 8 syNlUsunsud BN em Rating V8N INaRaL Leakage reactance

U
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4.1.1.7 wan13U3z18ue Core to ground resistance TadnNaulainlf 1
INMINAFUNNBULURIAIN 1 61 Core to ground resistance finazay laannaia
| a A o 4 A ! o A ea v @
udasuaasagauan e 4.7 Warhdnld W ldluasensdwmnadldfendaudasm
#i5id1 @1 Rating score 289N15NARAL Core to ground resistance Aa 4 mwﬁuamlugﬂﬁ
4.9

#3717 4. 7 6" Core to ground resistance 1 lANNMINUREURNBLUAIGN 1

Parameter
dfldanng R(Mohm)
NARDY 1,200

gﬂﬁ 4.9 gﬂmﬂiﬂil,l,ﬂwﬁﬂmmﬁam Rating 284n13nasau Core to ground resistance

Core-to-ground resistance rating

Rating Code Core-to-ground resistance (Mohm) [2E{18717]
A R = 1000 %
B 100 £ R < 1000
C 10 £ R <100
D 1<R<10
E R<1

4.1.1.8 Wan13U321iiuA1 Winding resistance 1a4%alaltasni 1
Y o A ' - b . A [ v
PNNINAFaURNBULRIAIN 1 A1 Winding resistance Nnasaulaanndaudas
. A A o A . o AN e o o Xa
UEAIALAINATININ 4.8 Washen la lulaluarssnisdmanai lanendautasaaidl

A1 A1 Rating score WadnN1INagal Winding resistance fo 4 @l’]&lﬁLLa@ﬂugﬂﬁ 4.10

@397 4. 8 @1 Winding resistance 11 l091nN1INURLAN UURIAIN 1

Parameter
Ay o o
AN laannis AR%
Nnagay 0.56
Winding resistance rating
Rating Code Winding resistance deviation [%] aruuy

A AR < 1%
B 1% < AR < 2%
C 2% < AR < 3% 4
D 3% < AR < 5%
E AR 2 5%

31Jﬁ 4.10 gﬂmﬂiﬂmmuﬁﬁmmﬁ'am Rating 484N INasay Winding resistance




4.1.1.9 WanTU5z10uA1 DGA LTC vaswsaudassafi 1

41

NNMINaFaURNaLURIAIN 1 §1 DGA Va4 LTC ﬁmaau"l,@ﬁmma%immmﬁoﬁ

4.9 1anedn ba LU ldluaanIdiwi mnan lafanaanilasaaien DGAF Aa 1 REG

7 4.11 uazgU"N 4.12 UEAIFAN Rating score YBIN1INAROU DGA

TN 4. 9 A1 DGA 284 LTC N laannmisnugaunaandasadn 1

fines
. CH4 CQHG CQH4 CzHQ
A laanmMInagay
Rating of the LTC Based on DGA
Score (i)
Gas 1 2 3 4 Wi ATULY Wisi

CH4 <30 30-50 50-100 =100 3 1 3
Vacuum C2H6 <20 20-30 40-50 250 3 1 3
LTC C2H4 <50 50 -100 100-200 > 200 4 1 4
C2H2 <3 3-4 4-5 =5 5 1 5
CH4 <100 100-200 200-300 > 300 3 [
Resistive C2H6 <50 50-100 100-200 = 200 3 0
LTC C2H4 <200 200-400 400-600 > 600 5 0
C2H2 <500 500-1000 1000-5000 = 5000 3 0
CH4 <200 200-300 300-700 =700 3 0

Reactive
| A C2HB <100 100-150 150-500 > 500 3 0
¥ C2H4 <300 300-500 500-1400 > 1400 3 0

(Diverter comp.)

C2H2 <1000 1000-3000 3000-7500 = 7500 3 0
CH4 <50 50-150 150-250 2700 3 0

Reactive
e C2H6 <30 30-50 50-100 =100 3 0
C2H4 <100 100-200 200-500 2500 5 0

(selector copmp.)
caH2 <10 10-20 20-25 > 25 3 ] 0
DGAF = L)

gﬂ‘ﬁi 4. 11 Eﬂ’i}’lﬂIﬂSLLﬂiwﬁ’lWJMLﬁE]‘W]ﬂ"]ﬂ"] DGAF 283 LTC

Transformer LTC Rating Based on DGA Factor

Rating Code Condition Description
A Good DGAF < 1.2
B Acceptable 1.2 <DGAF=15 |°
C Need Caution 1.5<DGAF=2
D Poor 2=<DGAF=3
E Very poor DGAF =3

gﬂﬁ 4,12 gﬂﬁnﬂiﬂmmuﬁwmmﬁiam Rating ¥89MInasau DGA LTC

4.1.1.10 @1 Load history wognaiaulaseaf 1

) o A 1 . Ao & v 1 P
INMINAROURNBULURIAIN 1 @1 Load history ﬂﬁJ%V]ﬂvL@]LLa@Na%J@nN@nTW\‘W]

4.10 wiavinen b b ldlwa13enisdwimnan leAavriauladaatie LF fa 3 anugdi

413, 4.14 18z 4.15 ULEAIA1 Rating score VaINa Load history




a2

eN3197 4. 10 @1 Load history 28dnNautaian 1

Test S; : Monthly Peak load S, : Rate Load of transformer S/S,
transformer (MVA) (MVA) (N)
1 40 50 0.8
LF Score

Rating Code Si/Sh Ni

A < 0.6 0

B 06<1 1

C T2 0

D 13<15 0

E >1.5
Score LF

317 4. 13 3anes e Rating Ua9f" Load history

LF rating
Rating Load factor Condition LF
4 LF23.5 i Y
3 25<LF<35 saasule
4 A A A AZAT, Fa33579
1 05=LE<15 wei 0
0 LF<05 wein (o
\ Iéat'mg & 3 @
normal |

UM 4. 14 sdnldsunsuduouien Rating ¥asn1Inarey LF

Rating of Global Strategic Impact

score Safety of property and persons Safety of the electrical system Competitiveness | Pollution Level
) Not community General residence General residence Without industry
1 a. k4 n‘ “ d: Industry not smoke sl
2 In community/iisk of explode Support hospi Rebuilding cost/ Loss of Production hight density Industry
Aruun o | 0 0 2 0.166666667
16.66666667

U7 4. 15 gdanldsunsudwiouien Rating 289 GSI

RAINNTNNTUILLTUNITIRLADINIRNANIAU GTC waz GSI HwlisunIuuna
Naﬁvl,@‘fmﬂﬂ'ﬁﬂsuﬁm:gnagﬂaglugﬂﬁ 4.16 Was 4.17



GTC Parameter

43

Com

ponent

Condition Rating

KiSi

GICF

DGA

40

Power Factor

10

40

Oil Quality

24

Furan or Age

20

Turn ratio

15

Winding

Leakage reactance

24

2

Core-to-ground

8

DGA of LTC

SN P P P

[ [ || o | |

24

Load history

5

30

0.915441176

Global Strategic Impact

91.54411765

gﬂﬁ 4.16 gﬂmﬂIﬂSLanﬁm’smﬁamﬁwmaau GTC

GSl Index Description Result
86-100 Very high risk
71-85 High risk
51-70 Medium risk 16.66666667
31-50 Low risk - .
= - - - o N
0-30 Very Io\w—ﬁj@%

4.1.2 nalauilasaan 2 naandasauraiing 115 kV 50 MVA

gﬂﬁ 4.17 Eﬂ’%’lﬂIﬂSLLﬂi&lﬁ’IWJmL‘ﬁﬂW]ﬁ’]ﬂ’J’]ﬁJLﬁm GSI

4.1.2.1 ANz iuAN DGA VaInsanlasaIn 2

INNNINARALNNaLAININ 2 A1 DGA ﬁ‘n@aau"lﬁmn%ﬁauﬂmLLamagjmu

AN3197 4.11 Wathe1n e Wlaluanssnsdwimuan laaariaullasdaiiladl DGAF fa

1 mugﬂﬁ 4.18 LLazgﬂﬁ 4.19 ILRAIA Rating score ¥aIN1INagas DGA

GNTWN 4. 11 61 DGA 7 e aNNINUFaLMalallaan 2

6V
nle
s H, CHy | CHs | CoHy | CoHy | CO | COy
ﬂ?“/]vl,@]'i]’]ﬂﬂ’]?ﬂ(ﬂ Ral
22 15 30 29 0 220 1734
Scoring and Weight Factors for gas Levels
Score (5i)
Gas 1 2 3 4 5 6 Wi AUl Wisi
H2 <100 100-200 200-300 300-500 500-700 >700 2 1 2
CH4 <75 75-125 125-200 200-400 400-600 >600 3 1 3
C2HB <65 65-85 80-100 100-120 120-150 #150 3 1 3
C2H4 <50 50-80 80-100 100-150 150-200 >200 3 1 3
C2H2 <3 3-7 7-35 35-50 50-80 >80 s 1 5
co <350 350-700 700-900 900-1100 | 1100-1400 >1400 1 1 1
co2 <2500 <3000 <4000 <5000 <7000 > 7000 1 1 1
DGAF 1

gﬂﬁ 4.18 gﬂmﬂmﬁaﬁﬁmmlﬁamﬁ’wm DGAF #aianilasain 2



Transformer Rating Based on DGA Factor

Rating Code Condition Description Score
A Good DGAF < 1.2 4
B Acceptable 1.2 =DGAF = 1.5 a
C Meed Caution 1.5=DGAF=2 0
D Poor 2=DGAF=3 [t}
3 Very poor DGAF = 3 0

44

31N 4. 19 3UNe T wInMNeM Rating 1aimInasay DGA nlaulaiaan 2

4.1.2.2 wamydszilinen Oil quality vasnalauasadn 2

% o A ' . . A (Y v '
INNNINAFBURNBULURIAIN 2 @1 Oil quality ‘n‘n@aau"lmnﬂ%wauﬂmuama%J

ANATNN 4.12 1avinen ke ldlgluwanTenisdwimnan laaaniaulasaatial OQF

A 1 N3N 4.20 uAz3UN 4.21 UEAIA Rating score BaININAFAY Oil quality

AMTNN 4. 12 61 OQF N lgannniInusaundallaiaIn 2

Parameter
. Dielectric Interfacial Acid Water Oil color
U = v
Anlaannis .
strength tension number content
nagay
Insulating oil parameters evaluation based on IEEE C57.106-2006
Size [Un 269kV 69 kv <Un 230 kv 230kV.< Un Score(si) wi aruuy |wisi
245 252 260 1
Dielectric strength 3545 4752 50-60 " . |
(kv/mm)(2mm) 30-35 35-47 40-50 3
=30 35-47 40-50 4
225 230 =32 1
Interfacial tension 20-25 23-30 25-32 2 N .
(dyne/fcm) 15-20 18-23 20-25 3
215 =18 <20 1
2005 <0.04 <003 1
00501 0.04-0.1 0.07-0.1 2
Acid number 1 1
0.1-02 0.1-0.15 0.070.1 3
02 2015 201 4
230 =20 =15 1
Water content 3035 2025 15-20 5 X o
(ppm) 35-40 25-30 20-25 3
40 230 225 a
=15 1
il color 15-20 2 1 2
2025 3
225 a

oar= I

1

U 4. 20 JNETRAWIBLNaRIFeN Oil quality wilauLlasdan 2
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Rating of oil quality tests

Rating Code Condition Description Score
A Good 0OQF <12 4
B Acceptable 12=00QF<15 0
C Need Caution 15=00F <2 0
D Poor 2=00F<3 0
E Very poor OQF=23 0

311 4. 21 3neTedaLNam Rating vasmnesay Ol quality nalauilasdin 2

4.1.2.3 WaN15152181A1 Furan content U845 auadia7Nn 2
IMNNMINAROURNBUURIAIN 2 @1 Furan ﬁw@aauvl,ﬁmn'ﬂﬁaLLﬂaaLLamag’mm
A A o . A ' ° AN oA o o XA ' .
3197 4.13 o la Wldluanamsduisman lafendaulaiarilian @1 Rating

score UBINNINAFAL Furan Aa 4 muﬁua@ﬂugﬂﬁ 4.22

TN 4. 13 61 OQF N FNNNINLFLR alLlaian 2

Parameter
AN laanm 3 Furaldehyde
Nagay -
RRHIHEIBIEK 5
]
Rating Furanic or age
Rating Code Furaldehyde[ppm] Age Year AU
A 0-0.1 Less than 20 4
B 0.1-0.5 20-40
C 0.5-1 40-60
D L5 More than 60
E >5
Score 4
normal

UM 4. 22 3N TIdIIMNeYN Rating U84mMInaxey furan valaulasnai 2

4.1.2.4 Han13UILAUAN Power factor 209%Naulasnn 2
INNNINAFAURNALURIAIN 2 A1 Power factor ﬁmaaﬂﬁmn%ﬁaLLﬂaaLLamagj

A A o . A ' ° AV waA o o Xa
ANANTINN 4.14 a1 et gl wan T Id I e bR an N Bl aIaidA1 A1

Rating score 189mInagay fa 4 aufiuaaslugif 4.23
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¢TI 4. 14 61 Power factor 11 laNMINUFOLURN DUURIATN 2

Parameter
A o
AN leaNnNNT PF max
Ny 0.47
Power factor rating
Rating Code Maximum Power Factor [%)] AZLUU

A PFmax < 0.5
B 0.5 PFmax<1
C 1<PFmax< 1.5 4
D 1.5 < PFmax< 2
E PFmax = 2

3UN 4. 23 31N TAWINL Rating Y89MINATEL Power factor vilauianai 2

4.1.2.5 NANIUILAWAN Turn ratio ABIRNBLURIAN 2
IINNINAROUR T DUUFIAIN 2 @1 Turn ratio ﬁmaauvl,éfmrmﬁaLLﬂaaLLama%i
~ A o . A i ° A oA o o Sa '
ANNAIINN 4.15 a1 e LU lglwarTanTdIwI e laaan i aulasaanian a1

Rating score 184mMIn@gay Tum ratio A 4 anufuaadlugi 4.24

GNTWN 4. 15 61 Turn ratio N LANNNINUFO LR BILRIGIN 2

Parameter

FN LAINNNT ATR%

Nagay 0.19

Turn ratio rating

Rating Code Turn ratio (TR) deviation of actual to declared ATLLUU
A ATR<0.1%
0.1% < ATR £0.5%
0.5% < ATR< 1% 3
1% < ATR < 2%
ATR>2%

m|o|O|w

U7 4. 24 saneTedLNa Rating YamMInasay Tum ratio valauiasean 2

4.1.2.6 Wan17Uz1iiuen Leakage reactance 2a39%Naudaiain 2
MNMINAFOURNaULUAIAIN 2 A1 Leakage reactance Nnamaylaainnalauiad
. A N ! ° AN oA o o Ao

uaasagauaIeN 4.16 Wathafld lWlaluarminsdwianaf ldfeniaudasda il

f1 @1 Rating score 1a4N1INA&aL Leakage reactance fa 3 @I’]&JﬁLLamlugﬂﬁ 4.25




ar

g7 4. 16 @ Leakage reactance 1 l@NNMINUREUANUUAIGN 2

Parameter
Ay e
A7 ldannns AX%
neagay 0.74
Leakage reactance rating
Rating Code Leakage reactance deviation [%] AUy

A AX <0.5%
B 0.5% < AX < 1%
C 1% < AX < 2% 3
D 2% = AX < 3%
E AX 2 5%

317 4. 25 3T LNe Rating U89MINasaY Leakage reactance wafauiaaen
2

4.1.2.7 Wan1vuszidinen Core to ground resistance UaInaaLUaIAIN 2
NMINAFURNBULRIAIN 2 A1 Core to ground resistance finazay laannaia
' A Ao | R ! ° AN wa o
uiasusadagarna1sen 4.17 Waheflaldldluasenisduwianai ldfendauas

o Xa ' g = & A

AINNAT A1 Rating score 183N1INARBLU Core to ground resistance a8 4 aunuaaalu
.:'

3N 4.26

dN31497 4. 17 @ Core to ground resistance 71 lHMNMINUFBLRNBULRIAIMN 2

Parameter
A lgannis R(Mohm)
Ny 2,298
Core-to-ground resistance rating
Rating Code Core-to-ground resistance (Mohm) Aazuuu

A R > 1000
B 100 <R < 1000
C 10 £ R <100 4
D 1<R<10
E R<1

311 4. 26 NI WBLNAM Rating UBsMIN@AsaL Core to ground resistance il
o A
LURIS N 2
4.1.2.8 Wan17U9z1iiueA1 Winding resistance 1adnalauilasani 2
INMINARBUNRNBULAIAIN 2 A1 Winding resistance Nnagay ldannrdaudas
' A A o . A ' o A oA o o Aa
uaasaauaI9N 4.18 Wathafld lWlaluaminsdwianaf ldfeniaudasdaitl

@n ¢ Rating score 789N13NAFAL Winding resistance fia 4 aufiuaadlugui 4.27




@314 4. 18 @1 Winding resistance 711NN INUFBLANBWURIGIN 2

a8

Parameter
AN laannng AR%
NARDY 0.43

Winding resistance rating

Rating Code Winding resistance deviation [%] AZLLUU
A AR < 1%
B 1% < AR < 2%
C 2% < AR < 3% 4
D 3% <AR< 5%
E AR 2 5%

311 4. 27 3N Ted LN e Rating U89nIMasay Winding resistance alauiade

=
n2

4.1.2.9 Han3U5z1iuA DGA LTC vainsautassafi 2

IMNNINARAURN BWURINAN 2 @1 DGA vad LTC ﬁmaauvl,@i”l,l,a@\aagjwmwﬁwﬁ

4.19 Wasnanla i lgluanenisdiwimuan lafansanlaialikiial DGAF fa 1 ANy

gﬂﬁ 4.28 LLazgﬂﬁ 4.29 LRAIA Rating score YaIN1INARAU DGA

GNTWN 4. 19 61 DGA 189 LTC NldannmInusaunsanlaiaan 2

N
ﬂ’]“ﬂi@]"ﬂ’]ﬂﬂ’]i“ﬂ@ ®ay
27 8 33 0
Rating of the LTC Based on DGA
Score (Si)
Gas 1 2 3 4 Wi A=ILUUY Wisi
CH4 <30 30-50 50-100 2100 El 1 3
Vacuum C2HB <20 20-30 40-50 =50 3 1 3
LTC C2H4 <50 50-100 100-200 =200 4 1 4
C2H2 <3 3-4 4-5 25 5 1 5
CH4 <100 100-200 200-300 =300 3 0
Resistive C2H6 <50 50-100 100-200 2200 3 0
LTC C2H4 <200 200-400 400-600 2 600 5 0
C2H2 <500 500-1000 1000-5000 25000 El 0
Reactive CH4 <200 200-300 300-700 2700 El 1]
LTC C2HB <100 100-150 150-500 2500 El 0
(Diverter C2H4 <300 300-500 500-1400 = 1400 El 0
comp.) C2H2 < 1000 1000-3000 | 3000-7500 = 7500 El 0
Reactive CH4 <50 50-150 150-250 =700 3 0
LTC C2HB <30 30-50 50-100 =100 3 0
(selector C2H4 <100 100-200 200-500 =500 5 0
copmp.) C2H2 <10 10-20 20-25 2125 3 0
DGAF = 1

gﬂﬁ 4.28 Eﬂmnmsﬂdﬁﬂmmﬁ'ammm DGAF 284 LTC BN awaIalN 2




Transformer LTC Rating Based on DGA Factor

Rating Code Condition Description AzZLUU
A Good DGAF < 1.2 4
B Acceptable 1.2 =DGAF=1.5 ]
C Need Caution 1.5=DGAF =2 1]
D Poor 2=DGAF=3 o
E Very poar DGAF =3 o

311 4. 29 3lneTwLNem Rating TsmInasal DGA LTC wiiaulasaan 2

4.1.2.10 1 Load history 283nslaudaseafl 2

49

% o A ' . Ao & (Y ' a
INNNINAFOURNBUURIAIN 2 A1 Load history ‘Y]‘]JWY]ﬂvL@]LLﬁ@ﬁE]%J@]’]SJ@]’]TNV]

4.20 a1 e WlaluaTInsd I Nan kA anadanladadtilean LF Aa 3 auILN

4.30 LT 4.31 LFAIAT Rating score WaIWa Load history

6N3197 4. 20 1 Load history Jasnnautlaiaan 2

Test S, : Monthly Peak load S, : Rate Load of transformer S/Sy
transformer (MVA) (MVA) (N)
1 35 50 0.7
LF Score
Rating Code Si/Sb Ni
A <0.6 I
B 0.6<1 9 -~
C 1<1.3 0 A
D 13<15 e 0 N
E >1.5 i

311 4. 30 3ne TN e Rating 28461 Load history alauasnan 2

UM 4. 31 sneT i Nam Rating 1asmInasay LF nlaulasdn 2

LF rating

Rating Load factor Condition LF

4 LF 235 é 0

3 25<|F<35 aausuls 3

2 15 LF<25 EREEEES] 0

1 05<LF<15 wei 0

0 LF<05 WEiA 0

Rating 3

normal
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4.1.2.11 ¢ GSI vasnalouLlaseai 2

Rating of Global Strategic Impact

Pollution Level

| Safety of property and persons | Safety of the electrical system | Competitiveness

Not community General residence General residence Without industry

Incommurityiskof xplode ing cot/ Loss of Producion [ ———
hight density Industry+sea

WAINNTNNTUILLTUNI TR LA DINIRUANIAN GTC waz GSI HwlisunIuna

Naﬁ"l@i’mnmsﬂs:l,ﬁm:gnagﬂaglugﬂﬁ 4.33 LY 4.34

GTC Parameter

Component K Condition Rating Kisi
DGA 10 4 40
Power Factor 10
0il Quality 6
Furan or Age
Turn ratio

Leakage reactance
Winding
Core-to-ground
DGA of LTC

Load history

afn|eo|o|n

wlefe|e|w|olsfs]s
9
B

-

0

Eﬂﬁ 4.33 Eﬂmﬂmﬂdﬁﬂmml,ﬁammmaau GTC wyawilasann 2

Global Strategic Impact LAA0) A e 0o 3
T B D -

86-100 Very high risk
71-85 High risk
51-70 Medium risk

Low risk

31-50

3ﬂﬁ 4.34 gﬂmnmﬁoﬁﬂmmﬁammmmLﬁm GSI BN aLUaInmN 2

4.1.3 nafoutaseinn 3 vaaudlasawiafinm 115 kV 50 MVA
4.1.3.1 namsUszifiuen DGA vaswilautlaisan s

nnaseUnTaulasaaf 3 1 DGA ﬁ'ﬂ@aau"lﬁmﬂﬂﬁaLLﬁJaaLLamagjmu
o197 4.21 Wawdilalldluarmemsiuamaildaandeulasdriiden DGAF da

1.72 @nugﬂﬁ 4.35 LLﬂzEﬂﬁ 4.36 LRAIA Rating score 1a4N1INagaU DGA

TN 4. 21 61 DGA N NIRRT auLaIa N 3

e

H2 CH4 C2H6 CzH4 Csz CO C02i

fflaannminazey
40 112 32 90 0.9 749 3300
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Scoring and Weight Factors for gas Levels

Score (5i)

Gas 1 2 3 4 5 6 Wi azuuu Wisi

H2 <100 100-200 200-300 300-500 500-700 >700 2 1 2
CH4 <75 75-125 125-200 200-400 400-600 >600 3 2 6
C2H6 =65 65-85 80-100 100-120 120-150 >150 3 1 2
C2H4 =50 50-80 80-100 100-150 150-200 >200 3 3 El
C2H2 <3 3-7 7-35 35-50 50-80 >80 5 1 5

o =350 350-700 700-300 900-1100 1100-1400 >1400 1 3 3
C02 <2500 <3000 <4000 <5000 <7000 > 7000 1 3 2
DGAF 1.722222222

31Jﬁ 4.35 gﬂmﬂmmaﬁ’m’;mﬁammm DGAF #aaulasnan 3

Transformer Rating Based on DGA Factor

Rating Code Condition Description Score
A Good DGAF < 1.2 a
B Acceptable 1.2 =DGAF= 1.5 0
C Need Caution 1.5 = DGAF =2 2
I;) Paor 2=DGAF =3 a
E Very poor DGAF =3 )

31 4. 36 JNeTIAAN A Rating U89mInasay DGA niauilasdn 3

4.1.3.2 Wan1vuaziiinen Oil quality TasndauladaIn 3

INNINARBUNNDUUKIAIN 3 @1 Oil quality ﬁ'maau”lﬁmn%ﬁaLLﬂaamea%i

ANANTNN 4.22 1iasinan kel lgluansnenisdim nnan lanandaulasdaiial OQF

fa 1.66 MuILUN 4.37 uaz3LN 4.38 UFAIA Rating score BaINNINAFAY Oil quality

TN 4. 22 61 OQF M IeNNNNINUFaLR auLlRIaIN 3

Parameter
, Dielectric Interfacial Acid Water Oil color
iilaannis strength tension number content
neasay
52 30 0.12 14.9 3




Insulating oil parameters evaluation based on IEEE C57.106-2006

Size / Un

69 kv

69 kv <Un <230 kv

230kV <Un

311 4. 37 FnaTeduiamae Oil quality vialaulasann 3

Rating of oil quality tests

Rating Code Condition Description
A Good OQF <1.2
B Acceptable 12<0QF<15 \)
c Need Caution 15<00F <2 |
D Poor 2<0QF <3 “ "
E Very poor OQF=3 J—l

Score(Si) wi Azuuu |Wisi

245 252 260 1

Dielectric strength 35-45 47-52 50-60 2 , . )
(kV/mm)(2mm) 30-35 3547 4050 3
<30 3547 40-50 4
225 230 <32 1

Interfacial tension 20-25 23-30 25-32 2 5 . 5
(dyne/cm) 15-20 18-23 20-25 3
<15 <18 <20 4
<0.05 <0.04 <0.03 1
0.05-0.1 0.04-0.1 0.07-01 2

Acid number 1 3 3
0.1-0.2 0.1-0.15 0.07-01 3
20.2 20.15 201 a
<30 220 <15 1

Water content 30-35 20-25 15-20 2 N L -
(ppm) 3540 2530 20-25 3
>40 =30 >25 2
<15 1

0il color 1520 2, 4 8
2.0-2.5 3
225 4

" 4 4
0QF = | y 7

311 4. 38 3anATed I aMNam Rating U89n1Inesay Ol quality nalautlasdan 3

4.1.3.3 HaN135U52141A1 Furan content 28RN auIad07N 3

IINNIINAROUN I BLURIAIN 3 @1 Furan ﬁmaau"l,@ﬁ“ﬁnn%ﬁauﬂadLLamagmu

A A o i ' o A ea 19 o Aa ] .
A1 4.23 e Le Wlaluaramsduaman lafandaulaiarilian a1 Rating

score UAINNINAFAL Furan Aa 4 muﬁua@ﬂugﬂﬁ 4.39

GNTW7N 4. 23 61 Furanic M l@annImugaunsalilaian 3

Parameter

AN laanm 3 Furaldehyde
NAROL -
mﬂqvmau,ﬂad 17
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Rating Furanic or age

Rating Code Furaldehyde[ppm] Age Year AZLUY
A 0-0.1 Less than 20 4
B 0.1-0.5 20-40
C 0.5-1 40-60
D 1.5 More than 60
E >5 -
Score 4
normal

317 4. 39 e nANan Rating 1asmIneaay furan wafauiaseafn 3

4.1.3.4 Han13U32LAuA" Power factor 209%Nawlaian 3
INNINAFAURNALURIAIN 3 @1 Power factor ﬁmaau‘lﬁmn%ﬁaLLﬂaaLLama%i
A . 1 3 A oA o o Aa . \
ANNANTINN 4.24 11N e LU 18l waN T TA I AT LA an N B8 IA AT A1

Rating score 789mInagay fia 3 aufiuaasluguf 4.40

¢ 4. 24 61 Power factor 71 LM InUsaUrsallaan 3

Parameter
A ldanns PFmax
Nnagay 0.51
Power factor rating
Rating Code Maximum Power Factor [%)]
A PFmax < 0.5
0.5PFmax <1

1<PFmax<1.5
1.5 <PFmax< 2
PFmax = 2

m|O|O|m

317 4. 40 3aINeTFLIT Rating 389MINaaLl Power factor siallasaaf 3

4.1.3.5 NaN1UI2L A WA Turn ratio WaInNaLUaIa7N 3
IMNNINARDURNBUURIAIN 3 @1 Turn ratio ﬁmaaﬂﬁmﬂﬂﬁauﬂaau,ama%i
A A o A ' 3 AV oA o o Aa . '
ANNANTNN 4.25 LA La b lEIwAN TN IA I AT LA e B aIA2 AT A1

Rating score 784n1In@gay Turn ratio A 3 auuaaalulf 4.41

NI 4. 25 @1 Turn ratio M lANNNINLFD LR LRGN 3

Parameter

dflaanns ATR%

Nnagay 0.19
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Turn ratio rating

Rating Code Turn ratio (TR) deviation of actual to declared AZHUU
A ATR £0.1%
B 0.1% < ATR £0.5%
C 0.5% < ATR < 1% 3
D 1% < ATR £ 2%
E ATR 2 2%

U7 4. 41 3aneTeduNam Rating 189nInesay Tum ratio valauilasdan 3

4.1.3.6 Wan17Uz1iiuA1 Leakage reactance 2a3nNaudaiain 3
IMNMINARBUNIBUURIAIN 3 A1 Leakage reactance Nnagay ldanruaulas

1 a A o A ! ° AN oA v & A
LLET@]GE]Q@]’]&I@]’]S’NY] 4.26 LNau’]ﬂ’]‘ﬂvla@wl,ﬂlaluﬁnﬁqﬂﬂ’]iﬂ']u']mwa‘ﬂvl,@ﬂa‘ﬁllﬂLLﬂa@@l')uN

¢ Rating score 789N13NARAL Leakage reactance fa 3 m&lﬁl,l,a@ﬂugﬂﬁ 4.42

A7 4. 26 A1 Leakage reactance 1 i nMINURa LT auLaIn 7 3

Parameter
Al 0
AN laannnT AX%
Nneaway 0.87
Leakage reactance rating
Rating Code Leakage reactance deviation [%] AvLuY
A AX < 0.5%
B 0.5% < AX < 1%
2 1% < AX< 2% 3
D 2% < AX < 3%
E AX 2 5%

gﬂﬁ 4.42 gﬂa’mmﬂaﬁﬂmmﬁ 291 Rating 189mInasaL Leakage reactance alalilaien
N3

4.1.3.7 Wamatlaziluen Core to ground resistance vadvinaulainim 3
PNNNNINARELRTBULUFIGIN 3 61 Core to ground resistance Nnagay laannwna
' A By 24 1 & . o A oA o
uilasuaadagarnanse 4.27 Wathdmldlulaluansinisduwanaildfendaulas

da%didN A1 Rating score UaIN1INARBL Core to ground resistance A8 3 ATNNILAAS L
UM 4.43

g7 4. 27 @ Core to ground resistance 71 l#aNAINUFBLAA BULRIAIN 3

Parameter

A laannng R

Nnagay 920
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Core-to-ground resistance rating

Rating Code Core-to-ground resistance (Mohm) ATLUY
A R > 1000
B 100 <R <1000
C 10 £ R <100 3
D 1<R<10
E R<1

Eﬂﬁ 4.43 Eﬂﬁ]’m@l’lﬁdﬁ’m?mt,ﬁam Rating 1a3MmInagay Core to ground resistance )
= F!I
W8N 3

4.1.3.8 Han13U3z1uAN Winding resistance Uadnalauladaan 3
NMINARBLURNBULAIAIN 3 A1 Winding resistance Nnagay ldannrdaudas
' A g gl ' o AN waA ') o Aa

LEAIDLANNANTINN 4.28 tiavinan be ldlalwansreni s mian laAaraa il adaathi

@n ¢ Rating score ¥89N13NAFBY Winding resistance fia 3 aiuaadlugun 4.44

@397 4. 28 A1 Winding resistance 71 i nnmMInuaaundallaian 3

Parameter
Ay o
Al laanng AR%
nagay 1.74
Winding resistance rating
Rating Code Winding resistance deviation [%] AZLLUY

A AR < 1%
B 1% < AR < 2%
C 2% < AR < 3% 3
D 3% < AR < 5%
E AR 2 5%

gﬂﬁ 4. 44 gﬂmﬂmﬁaﬁﬂmmﬁ'am Rating 1a4n13nagall Winding resistance #iialilaiaa
3

4.1.3.9 Han3U521A%A1 DGA LTC vaimsfautaddafi 3

INNINAFAURNBLURIAIN 3 A1 DGA ¥83 LTC ﬁmaauvlﬁl,l,amagjmummaﬁ
4.29 tlavinan e ldlalua s uimuan laaavaantlasaiia1 DGAF Aa 1.86

mwgﬂﬁ 4.45 LLazgﬂﬁ 4.46 LRAIAN Rating score YaIN1INAROU DGA

TN 4. 29 61 DGA 284 LTC 7 leanmInusaumaaulasan 3

Ny

; CH, CoHs CoH, CoH,
@i’]“ﬂvl,@lyﬁnﬂﬂ’]'iﬂ@] Ral

111 18 65 0.6




Rating of the LTC Based on DGA
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Eﬂﬁ 4. 45 gﬂmﬂmﬁdﬁﬂmmﬁam@hm DGAF 284 LTC #Nawaialn 3

Transformer LTC Rating Based on DGA Factor

Rating Code Condition Description avuuy
A Good DGAF<12 | 0 W\
B Acceptable 12<DGAF<15 | w0 |
C Need Caution 1.5<DGAF<2 WAL 2
D Poor 2<DGAF<3 [ W Bo %
E Very poor DGAF >3 2&1&&@ -

311 4. 46 3anneaednuiam Rating ¥4mIne&al DGA LTC walauilasean 3

4.1.3.10 ¢ Load history aswilauilasaafi 3

Score (Si)

Gas 1 2 3 4 Wi AzLUL WiSi
CH4 <30 30-50 50-100 =100 3 4 12
Vacuum C2H6 <20 20-30 40-50 250 3 1 3
LTC C2H4 <50 50 -100 100-200 =200 4 2 8
C2H2 <3 3-4 45 25 5 1 5
CH4 <100 100-200 200-300 =300 3 4]
Resistive C2H6 <50 50-100 100-200 =200 3 0
LTC C2H4 <200 200-400 400-600 = 600 5 0
C2H2 <500 500-1000 1000-5000 25000 3 a
Reactive CH4 <200 200-300 300-700 =700 3 0
LTC C2H6 <100 100-150 150-500 =500 3 0
(Diverter C2H4 <300 300-500 500-1400 21400 3 0
comp.) C2H2 <1000 1000-3000 | 3000-7500 27500 3 0
Reactive CH4 <50 50-150 150-250 =700 3 0
LTC C2H6 <30 30-50 50-100 =100 3 0
[selector C2H4 <100 100-200 200-500 2500 s 0
copmp.) C2H2 <10 10-20 20-25 225 3 0

DGAF = 1.866666667

NN INarouRaudadeafn 3 61 Load history Ntufinlaugasagainase

4.30 tiasinen L llaluaisenisduwimuan oA avisaudadadiidd LF fa 3 auFUN

4.47 AT 4.48 UFNIAN Rating score WaIHA Load history

YW 4. 30 @1 Load history Tasnapulasa N 3

]
a

Test S; : Monthly Peak load S, : Rate Load of transformer S/S,
transformer (MVA) (MVA) (N)
1 40 50 0.9




LF Score
Rating Code Si/Sb Ni
A <0.6 (1]
B 06<1 1
C 1<1.3 0
D 1.3<15 0
E >1.5 0
Score LF -

U7 4. 47 sdaneTadmnuian Rating 28461 Load history walauiasdam 3

LF rating

Rating Load factor Condition LF
4 LF =35 i 0
3 25<LF<35 gansu e
2 15 LF<25 295879
1 05 LF <15 e 0
0 LF £ 0.5 LEN 0

Rating ‘*:3"'-
normal

317 4. 48 JdaneTdANan Rating 1asmsniaaay LF nalauilasdin 3
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4.1.3.11 61 GSI 2asnNawlaiain
Rating of Global Strategic Impact

;;;;; Safety of property and persons. Safety of the electrical system E Competitiveness Pollution Level
0 Not community: General residence General residence ‘Without industry
1 : fiustry ngbsmBke sl
2 In community/risk of explode Support hospital/database Rebuilding cost/ Loss of Production hight density Industry
3 - o A ¥] (™ o hight density Industry+sea

ASUMUY o '] 2 2 '0.333333333

33.33333333

31Jﬁ 4,49 gﬂmﬂmmoﬁﬂmmﬁam Rating 189 GSI nlaulasanan 3

PAINNNRINITUTA WA DA DTNINUATIIAIU GTC 1az GSI WnlisunIunad

Naﬁvlﬁﬁnﬂﬂ’ﬁﬂﬁuﬁuﬁ]:gﬂagﬂagﬂugﬂﬁ 4.50 WRY 4.51

GTC Parameter

Component

Condition Rating

Kisi

DGA

20

Power Factor

30

0il Quality

0

Furan or Age

20

Turn ratio

15

Leakage reactance

24

Winding

18

Core-to-ground

6

DGA of LTC

12

Load history

wlofw|w|w|w|so]w|s

30

gﬂﬁ 4. 50 gﬂmﬂmswaﬁﬁmmﬁ'amﬁmmau GTC wyawlasnan 3

64.33823529




Global Strategic Impact
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GSl Index Description Result
86-100 Very high risk
71-85 High risk
51-70 Medium risk 33.33333333
31-50 Low risk
0-30 Very low risk

gﬂﬁ 4. 51 gﬂﬁnﬂmmq@‘hmmﬁ'am@hmwLﬁm GSI BN aklaIan 3

4.1.4 waauiladaan 4 naaundasauranng 115 kV 50 MVA

4.1.4.1 HaN13UI2 WA DGA Vasnaanlasaln 4

INNNINAROURNaNUFIAIN 4 1 DGA ﬁmaauvl,@i”ﬁrm%ﬁaLLﬂaaLLama%imw

AN3197 4.31 Lawan be Wlaluansnansdni man LaAandaullasaiildl DGAF fa

1.33 MN3UN 4.52 Waz3LN 4.53 UF@IAN Rating score Y8IN1INAROU DGA

TN 4. 31 @1 DGA N FNNINLFLURY BULRIGIN 4

23
nies
|8 H, CHy | CHe | CoHi'| GH, | CO | co,
'
A lgannnInasay
161 4 67 18 0 559 643
Scoring and Weight Factors for gas Levels
Score (Si)
Gas 1 2 3 4 5 6 Wi AUl Wisi
H2 <100 100-200 200-200 300-500 500-700 >700 2 2 [ 4
cH4 <75 75-125 125-200 200-400 400-600 >600 3 1 3
C2HG <65 65-85 80-100 100-120 120-150 >150 3 2 6
C2H4 =50 50-80 80-100 100-150 150-200 >200 3 1 3
C2H2 <3 37 7-35 35-50 50-80 >80 5 1 5
co <350 350-700 700-500 900-1100 | 1100-1400 >1400 1 2 2
co2 <2500 <3000 <4000 = 5000 <7000 >7000 1 1 1

DGAF

| 1333333333

gﬂﬁ 4.52 gﬂmﬂ@’moﬁﬁmmﬁ AMAA1 DGAF %N auladann 4

Transformer Rating Based on DGA Factor

Rating Code Condition Description Score
A Good DGAF < 1.2 0
B Acceptable 1.2 <DGAF = 1.5 3
C MNeed Caution 1.5 <DGAF=2 0
D Poor 2=DGAF=3 ]
E Very poor DGAF = 3 0

3UN 4. 53 3UneTedwmauNem Rating va3nInasay DGA nilaulaiean 4

4.1.4.2 Wanyuszidinen Oil quality TadnaaulaiaIn 4

MNNINARAURNBULUAIAIN 4 @1 Oil quality ﬁmaau"lﬁﬁ]’m%ﬁaLLﬂaaLLamagj

ANNANTIN 4.32 tiasinan ke ldlgluansenisdwiman lanansaulasaaiiidn OQF

A P = ! . . .
e 1 G]’]SJE?L]‘Y] 4.54 LLﬂZEﬂ‘ﬂ 4.55 LRAIAT Rating score U83in13nagay Oil quality



NTWN 4. 32 @1 OQF N leNNIINUFaLnalallaiaIn 4

59

Parameter
. Dielectric Interfacial Acid Water Oil color
1 = v
A laanns .
strength tension number content
neagay
Insulating oil parameters evaluation based on IEEE C57.106-2006
Size / Un 60 kV 69 kV <Un <230 kv 230kV < Un Scare(si) wi |aguuu wis
=45 252 260 1
Dielectric strength 35-45 47-52 50-60 2 . L 5
(kV/mm)(2mm) 3035 3547 4050 3
<30 35-47 40-50 A
225 =30 <32 1
Interfacial tension 20-25 23-30 25-32 2 5 . 5
(dynefem) 15-20 18-23 20-25 3
<15 <18 <20 4
<0.05 <0.04 <0.03 Il
0.05-0.1 0.04-0.1 0.07-0.1 B
Acid number - 1 1 1
0102 0.1-0.15 0.07-0.1 3
202 2015 >01 4
<30 <20 <15 1
Water content 30-35 20-25 15-20 2 , 1 4
(ppm) 35-40 25-30 2025 3
240 230 225 a
<15 1
Qil color 154G L Y 1 2
2025 3
225 4
et W o T
oar= [y’ 11

311 4. 54 snne I tNamAIe Oil quality vaiawlasdan 4

Rating of oil quality tests

Rating Code Condition Description Score
A Gaod 0QF<1.2 V7.
B Acceptable 12200F<15. b
c Need Caution 15<00F <2 LS o
D Poor 2<0QF <3 sy o
E Very poor 0QF=3 0

U1 4. 55 JanATadtMNam Rating sasmInesay Ol quality nalauilasdan 4

4.1.4.3 WAN13U32LA1A1 Furan content U845 aKIaI07N 4

IINNINAFAURNBWUFIAIN 4 @1 Furan ﬁmaau"lﬁmn%ﬁaLLﬂmLLamag’mm

A A o A ! o AN A o o Ja ! .
AN 4.33 Wi le LWlaluannamsduiamai lafendaulaidriliia 1 Rating

score UAINNINAFAL Furan fa 4 muﬁuamlugﬂﬁ 4.56
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¢NTW7N 4. 33 61 Furanic M l9aNNNIMUFaUR alaian 4

Parameter
i A
AN leaNnNNT Furaldehyde
Nnagay -
a1undaulad 10
q
Rating Furanic or age
Rating Code Furaldehyde[ppm] Age Year Aasuuu
A 0-01 Less than 20 4
B 0.1-0.5 20-40
i 0.5-1 40-60
D 15 More than 60
E >5
Score \\\\;4
normal

31 4. 56 31N WIIMNEW Rating ¥89n1Inagay furan walauilasaai 4

4.1.4.4 nan13UIzLAnAT Power factor 284%NauUaInn 4
NNIINARBURNaLIRIAIN 4 61 Power factor ﬁmaaﬂﬁmnmﬁaLLﬁJaaLLa@aagj
~ A o . A 0 A AN va Y o Sa '
ANNAITINN 4.34 tHara N e ldldluarsenisdinimnan lafansanadaiidn @n

Rating score UaIN1INAFAL Ad 4 mwﬁuamlugﬂﬁ 4.57

TN 4. 34 61 Power factor 71 b aNMIINURALR 8Ll a9aInN 4

Parameter
A
A7 laannns PF max
nagay 0.47
Power factor rating
Rating Code Maximum Power Factor [%] ATLUU

A PFmax < 0.5
B 0.5 PFmax<1
C 1 <PFmax<1.5 4
D 1.5<PFmax <2
E PFmax = 2

3UN 4. 57 3U9neT9fwIne Rating 189mMInasay Power factor vialauiasnai 4
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4.1.4.5 NaN1TUIZLAWA Turn ratio VaIRNawUaIANN 4

INMNNINARDURNBKURIAIN 4 @1 Turn ratio ﬁmaaﬂﬁmn%ﬁauﬂmLLamagji

>

A A o . A ) ° AN ea o XA \
ANUAITIN 4.35 LN b b lalua1319n1Id I NaN la Ao aulasaaian @0

Rating score U83n1INa®aL Turn ratio fa 3 @lﬂﬂJﬁLLa@\‘ﬂugﬂﬁ 4.58

¢TI 4. 35 @1 Turn ratio M MANNNINLFD LR BURIAIN 4

Parameter

VoA v
AN laannng

ATR%

nagay

0.19

Turn ratio rating

Rating Code

Turn ratio (TR) deviation of actual to declared ATLUY

A

ATR<0.1%

0.1% < ATR < 0.5%

0.5% <ATR < 1% 3

1% < ATR < 2%

mO|O|w

ATR 2 2%

3UN 4. 58 3UnNeT MMM Rating T89n13naa Tum ratio walalasdan 4

4.1.4.6 wan13Usz10UAN Leakage reactance 203ndpULaInIN 4

NNINARDUNRIBULRIAIN 4 A1 Leakage reactance NNagay ldannruaulas

\ A A |l it 3 g AN wA o o Xa
LAAIALAINANTINN 4.36 Liasnan be W laluanssnidwimnan laAaraanladaaihi

@ Rating score 284n13NasaL Leakage reactance fia 3 a1NAuaaIlUILUN 4.59

g7 4. 36 A1 Leakage reactance 7 @ MM INUOUAN BUUFIAN 4

Parameter
Ay o 0,
A ldanns AX%
Nagal 0.81
Leakage reactance rating
Rating Code Leakage reactance deviation [%] Aarnul
A AX < 0.5%
B 0.5% < AX< 1%
C 1% < AX < 2% 3
D 2% < AX < 3%
E AX 2 5%

gﬂﬁ 4.59 gﬂmﬂmﬂaﬁﬁmmﬁ 211 Rating 189mInagaL Leakage reactance walaliaien

=
N4
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4.1.4.7 wan13Uvz18uen Core to ground resistance TadnNaulainln 4
INMINAFUNNBULRIAIN 4 61 Core to ground resistance finazay laarnnaia

UURIUEAIBLANNATTIIN 4.37 watianlaldlglwanenisdr i muan laaanaauiasg

2
o A

adlen @1 Rating score Ua3n17N@&ay Core to ground resistance fo 3 uNuEaIl

51N 4.60

2

@317 4. 37 @1 Core to ground resistance 7 l#MNMINUFBLM BLUUKIAIMN 4

Parameter
A
A laanns R
Nnaxay 780
Core-to-ground resistance rating
Rating Code Core-to-ground resistance (Mohm) ATRUU

A R > 1000
B 100 < R < 1000
C 10 <R <100 3
D 1<R<10
E R<1

gllﬁ 4. 60 gﬂﬁ]’m@’md@‘hmmﬁam Rating 223n13na&ay Core to ground resistance )
uilaeaan 4

4.1.4.8 Han13U3zLnAN Winding resistance 28dnalaudadinin 4
MNNINAROUNRNBULAIAIN 4 A1 Winding resistance Nnagay ldannndaudas
[l A A o ' Al 1 o A v v % A’l’d

uaasagaua 9N 4.38 Wathen ld ldlaluarmansdwinnanldhansdaudasda it

@n ¢ Rating score ¥84n13NA&AY Winding resistance A 4 aunuLaailugun 4.61

@397 4. 38 A1 Winding resistance 1 ldnnmInusaunNauladfn 4

Parameter
Ay o
A ldanns AR%
Nnagay 05
Winding resistance rating
Rating Code Winding resistance deviation [%] ArLuY
A AR < 1%
B 1% < AR < 2%
C 2% < AR < 3% 4
D 3% < AR < 5%
E AR 2 5%

Eﬂﬁ 4. 61 Eﬂmﬂ@’maﬁwmmﬁ'am Rating 1a3MIna&al Winding resistance #iialilaiana
N 4



4.1.4.9 {an3U5z101A1 DGA LTC vaswsauassnsi 4

63

iJ’]ﬂﬂ']‘iVl@ﬁaUﬁﬁ/aLLﬂﬂd(;hﬁ 4 @1 DGA 184 LTC ﬁﬂﬂﬁaUvLﬁLLﬁ@Ga%i@ﬂNW‘liﬁﬂﬁ

4.39 et e llaluanenisdwimean laaanianlaiaathidn DGAF @a 1 a1l

Eﬂﬁ 4.62 LLazgﬂﬁ 4.63 URAIAN Rating score YaIN1INARaU DGA

N7 4. 39 61 DGA 189 LTC N laannmInusaunyanlaian 4

e
o CH, CHs CoH, C,H,
‘F]'WIVL(?']"ﬂ'm nINaay
2 1 3 0
Rating of the LTC Based on DGA
Score (Si)
Gas 1 2 3 4 Wi ASLUY Wisi
cH4 <30 30-50 50-100 2100 3 1 3
Vacuum C2H6 <20 20-30 40-50 250 3 1 3
LTC C2H4 <50 50-100 100-200 =200 4 1 4
C2H2 <3 3-4 45 25 5 ¥ A ¥ 5
CH4 <100 100-200 200-300 >300 3 | Y ]
Resistive C2H6 <50 50-100 100-200 >200 3 1
LTC C2H4 <200 200-400 400-600 2600 5 10 o
C2H2 <500 500-1000 1000-5000 25000 E] Al o
Reactive CH4 <200 200-300 300-700 >700 3 0
LTC C2H6 <100 100-150 150-500 > 500 3 _ 0
(Diverter C2H4 <300 300-500 500-1400 21400 3 § o
comp.) C2H2 <1000 1000-3000 | 3000-7500 27500 3 0
Reactive CH4 <50 50-150 150-250 =700 2 | o
LTC C2H6 <30 30-50 50-100 2100 3 'y o
(selector C2H4 <100 100-200 200-500 > 500 5 AF 0
copmp.) C2H2 <10 10-20 20-25 225 3 ¥ J 0
DGAF = > n

Transformer LTC Rating Based on DGA Factor

Rating Code Condition Description ATLUL
A Good DGAF < 1.2 %fdl
B Acceptable 1.2 <DGAF=< 1.5 ad 0
C Need Caution 1.5=DGAF =2 o]
D Poor 2=DGAF=3 o]
E Very poor DGAF =3 0

gﬂﬁ 4. 62 gﬂmnmsﬁaﬁﬁmmﬁammm DGAF 284 LTC BaauaIaIn 4

3UN 4. 63 UnenTadmInMNeYN Rating 284n13nasas DGA LTC walauiasdni 4

4.1.4.10 @1 Load history To9maiaulaseaf 4

MMM Inasaundaudasaan 4 @1 Load history Nufinldusasagainansief

4.40 a1 la lWlaluarensduimnan laanadanladadtiiean LF Aa 4 anugla

4.64 T 4.65 LLRAIAN Rating score YaINa Load history




eN3197 4. 40 6" Load history 284N aulainn 4

64

Test S; : Monthly Peak load S, : Rate Load of transformer S/S,
transformer (MVA) (MVA) (N)
1 20 50 0.4
LF Score

Rating Code Si/Sb Ni

A <0.6 0

B 0.6<1 0

C 1<1.3 0

D 13<15 0

E >1.5
Score LF

317 4. 64 3anenTedmtANeT Rating U84A1 Load history alauiassan 4

LF rating
Rating Load factor Condition LF
4 LF235 @ el ™ —
a 25<LF <35 sasuls [l o
2 15<LF<25 A ITYIe 0y
1 05=<LF<13 e
1] LF <05 : uein
Rating 2¢7 =
normal

311 4. 65 3lanneaedwnuiam Rating 1a4n13nesau LF wilaulasaai 4

4.1.4.11 @1 GSI 2849 Naw8I07N

=

Rating of Global Strategic Impact

score

Safety of property and persons

safety of the electrical system

Competitiveness

Pollution Level

Not community.

General residence

General residence

Without industry

: A L)W | 52~ P =) | .
2 In community/risk of explode Support hospital/database Rebuilding cost/ Loss of Preduction hight density Industry
3 e &’ h A"' hight density Industry+sea
EHISY 2 a a o 0.166666667
16 66666667

317 4. 66 3ane I T NE Rating 2849 GSI nilaudasdm 4

[

[

ARINNNFNTUTLAUNI N TR DTN IRUANIT1 GTC uae GSI BJ’]%II]SLLT]?%JLLE?{’J

waﬁ"’[ﬁmﬂmsﬂs:lﬁm:gn@ﬂa%ilugﬂﬁ 4.67 WRZ 4.68

GTC Parameter

Component K Condition Rating [ GTeF
10 3 30
10 3 30
6 4 24
B [ 20
5 3 ) 0.849264706
8 3 2
3 3 18
Core-to-ground 2 3 6
DGA of LTC 6 4 24
Load history 10 4 0
84.92647059

gﬂ'ﬁ 4. 67 gﬂﬁnﬂmmoﬁﬁmml,ﬁ'am@hmaau GTC wyaulainn 4




Global Strategic Impact

65

GSl Index Description Result
86-100 Very high risk
71-85 High risk
51-70 Medium risk 16.66666667
31-50 Low risk
0-30 Very low risk

4.1.5 v auilasaan 5 nalandasuwianng 115 kV 50 MVA

4.1.5.1 wan135U5z1iueAN DGA vasnaanlasain 5

Eﬂﬁ 4.68 gﬂmﬂmﬂaﬁﬁmmﬁ'a‘mmmwLﬁm GSI| ®uaulaInIn 4

INNNINAROURN UURIAIN 5 @1 DGA ﬁ‘n@aaﬂd’mn%ﬁaLLﬂadLLama%imw

AN3197 4.41 1ae1n ke Wlaluansansdnuw e laAavdallasakiial DGAF fa

2.66 ANWILN 4.69 UAz3UT 4.70 UAAIFN Rating score UBINTNAFAL DGA

GNTWN 4. 41 61 DGA N NNINLFURN DLLRIAIN 5

23
nJe
I1 s Hy | CHs | CHe | CHi | CH, | CO | co,
ﬂ’]‘ﬂvL@]"i]']ﬂﬂ']iﬂ@ ol
130 89 71 212 2 890 7,700
Scoring and Weight Factors for gas Levels
Score (si)
Gas 1 2 3 4 5 6 Wi AmuyY Wisi
H2 <100 100-200 200-300 300-500 500-700 >700 2 2 4
CH4e <75 75-125 125-200 200-400 400-600 >600 3 2 3
C2HE <65 55-85 80-100 100-120 120-150 >150 B 2 3
C2H4 <50 50-80 80-100 100-150 150-200 >200 B 3 18
C2H2 <3 37 7-35 35-50 50-80 >30 5 1 5
co =350 350-700 700900 300-1100 | 1100-1400 >1400 1 3 3
coz <2500 <3000 <4000 <5000 <7000 > 7000 1 6 5
DGAF 26

Eﬂﬁ 4. 69 gﬂﬁnﬂmﬁaﬁwmmﬁam@hm DGAF #aauiasdin 5

Transformer Rating Based on DGA Factor

Description

Rating Code Condition Score
A Good DGAF < 1.2 0
B Acceptable 1.2 <DGAF= 1.5 0
C Need Caution 1.5 <DGAF=2 1]
D Poor 2 <DGAF=3 1
E Very poor DGAF = 3 0]

U7 4. 70 3ane T MNeT Rating UadmInesay DGA nlaulasdan 5



4.1.5.2 wan13usziiinen Oil quality va9nNaulaialn 5

66

NNNMINaREURNBULAIAIN 5 @1 Oil quality ﬁmaaﬂﬁmn%ﬂaLLﬁJaaLLamagji

ANNANTIN 4.42 tiainan be ldldlwanTenidmimian laaaniaulasaatidl OQF

fia 2.33 MuIUN 4.71 uaz3UN 4.72 UEAIFN Rating score YaININAFEU Oil quality

NTWN 4. 42 61 OQF 7N FNNNINLFOURY aUaIaN 5

Parameter
, Dielectric Interfacial Acid Water Oil color
AV v
A laannis .
strength tension number content
Insulating oil parameters evaluation based on IEEE C57.106-2006
Size /Un <69kV 69 kv <Un <230 kv 230kv < Un Score(Si) wi |eguwuu [wisi
245 >52 260 1
Dielectric strength 35-45 47-52 50-60 2 3 5 .
(kV/mm)({2mm) 30-35 35-47 40-50 3
<30 35-47 40-50 "
225 >30 €32 1
Interfacial tension 20-25 23-30 25-32 2 , 5 .
(dyne/cm) 15-20 18-23 20-25 3
<15 <18 <20 a
£0.05 <0.04 <0.03 1
0.05-0.1 0.04-0.1 0.07-0.1 2
Acid number — 1 4 4
0102 0.1-0.15 0.07-0.1 3
202 20.15 201 4
<30 <20 <15 1
Water content 30-35 20-25 15-20 2 A N "
(ppm) 35-40 2530 20-25 3
>40 230 225 4
€15 1
Oil eolor 1520 2 2 4 8
2,025 3
225 4
oaF = [ © 2233333333

Eﬂﬁ 4.71 gﬂﬁnﬂmsﬂqﬁwmmﬁ‘am@hm Oil quality wlaullaiaan 5

Rating of oil quality tests

Rating Code Condition Deseription Score
A Good OQF <1.2 0
B Acceptable 1.2=0QF <15 0
C Need Caution 1.5<0QF <2 0
D Poor 2<0QF<3 1
E Very poor OQF =3 0

U 4. 72 3Unennadm e Rating 2a9nsnasay Oil quality nalaulasean 5
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4.1.5.3 WaN13UI2L WA Furan content Uad%NauladInn 5

INMNNINAROURNBKURIAIN 5 @1 Furan ﬁmaauvlﬁmn%ﬂaLLﬂaaLLamay;mu

319N 4.43 W e llaluansmdwianan ldfensaulaiaiftiien A1 Rating

score 184N1INARAY Furan fa 3 @]’]NﬁLLﬁ@NI%Eﬂﬁ 4.73

¢NTW7N 4. 43 @1 Furranic N 18N INURaURN BLU8IAN 5

Parameter
AN laaNnNm3 Furaldehyde
Naxay -
angnaauilag 21
Rating Furanic or age
Rating Code Furaldehyde[ppm] Age Year (B TRTET]
A 0-0.1 Less than 20 3
B 0.1-0.5 20-40
C 0.5-1 40-60
D 15 More than 60
E >5 Y
—
Score E L"s
normal

gﬂﬁ 4.73 gﬂmﬂmiﬁaﬁwmmﬁ‘am Rating Ue4MINagay furan naaulasain 5

4.1.5.4 Han13UI2LAWeAN Power factor A89%nNawllainn 5

INNMINAFaURNBLUNIAIN 5 61 Power factor ﬁmaau"l@Tmn%ﬁauﬂmuamagJi

A A o 4 A ' ° AV wa o o XA, !
AINANINNN 4.44 L3Jauﬂﬂqﬂiﬂulﬂlaluﬂqiqdﬂqiﬂquqmwﬂﬂvl@lﬂaﬁNaLLﬂa\‘]@nuﬂJﬂq 20

Rating score ¥a9mInasay fa 4 aunuaaslugui 4.74

ANTNN 4. 44 61 Power factor 71 b aNNIINURAURN aLLa9a2N 5

Parameter
FNN AINNNT PF max
nagay 0.27




Power factor rating

68

Rating Code Maximum Power Factor [%] ArNUL
A PFmax < 0.5
B 0.5 PFmax<1
C 1<PFmax<1.5 4
D 1.5<PFmax<2
E PFmax = 2

gﬂﬁ 4. 74 31NN TAIWITA Rating UaIMInasay Power factor wlaulaeaan 5

4.1.4.5 NaN13UIZLAWA Turn ratio VoIRNawladinn 5

RNMINaaUnNauLladaan 5 61 Turn ratio ﬁﬂ@ﬁﬁ]ﬂ‘lﬁ/ﬁ]’mﬂﬁaLLﬂaGLLa@Na%i

A A o . A ' N AV waA o o Aa
ANUATIN 4.45 tHatd N La U ldlua19n 1 Td I e LA an s auiladanaii

Rating score 783mInagay Tumn ratio Aia 2 anufiuaaslugufl 4.75

eI 4. 45 @1 Turn ratio 7 lANNNNINUF LR UURIAIN 5

A1 AN

Parameter
fN leaINNNT ATR%
Nagay 0.62

Turn ratio rating

Rating Code Turn ratio (TR) deviation of actual to declared AXLLUY
A ATR<0.1%
B 0.1% < ATR £ 0.5%
C 0.5% < ATR< 1% 2
D 1% < ATR £ 2%
E ATR =2 2%

U7 4. 75 sIneTad e Rating U89n1snesay Tum ratio walauilasdan 5
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4.1.5.6 Wan13Uvz1iueN Leakage reactance 1a3nAaulaInINn 5
NNINAFaUNIalUaIaIN 5 A Leakage reactance Nnasaylaanniautas
. A A o 4 A . o AV oA o o Xa

uaAIagauaTN 4.46 Wathafld lWlaluarmnmsdwianaf ldfendiaudasea il

fin Rating score 289N1INARaL Leakage reactance Ao 3 @l’]@JﬁLLﬁ(ﬂﬂugﬂﬁ 4.76

g7 4. 46 @A Leakage reactance M l@ M INUROUANUUAIAIN 5

Parameter
VAN o 0,
AN lAaNNNT AX%
Nagay 0.83
Leakage reactance rating
Rating Code Leakage reactance deviation [%)] AZLLUY
A AX < 0.5%
B 0.5% < AX< 1%
C 1% < AX < 2% 3
D 2% < AX < 3%
E AX 2 5%

gﬂﬁ 4,76 gﬂmﬂmmaﬁwmmﬁ'am Rating 189nINadaLl Leakage reactance #aaillain
75

4.1.5.7 wan13u3z18ue Core to ground resistance B3 AaLlaIAIN 5
NNMINAFa LR NLLRIAIN 5 61 Core to ground resistance finasay laannwnaia
' A A o oA ) o AN oA o
uiasusadagauaninen 4.47 Wakdfld loldluasinduianad lafansioudas

o Aa h . . A ~
AIBUAT A1 Rating score 183IN1INARAY Core to ground resistance a8 3 unLaadlu

UM 4.77
dN3T17 4. 47 @ Core to ground resistance 7 I NMIINUFBLAN BULRIAIN 5
Parameter
A7 ldannns R
nagay 410
Core-to-ground resistance rating
Rating Code Core-to-ground resistance (Mohm) AU
A R > 1000
B 100 <R <1000
C 10 <R <100 3
D 1<R<10
E R<1

Eﬂﬁ 4. 77 gﬂmﬂ@nﬂaﬁ’lmmﬁam Rating 183mInagay Core to ground resistance )
uilasean 5
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4.1.5.8 Wan13U vz ueN Winding resistance vadnaaudaiain 5
NNNINasaURTauUaIeIf 5 A1 Winding resistance fnagaulaanniautas
. A A o 4 A . o AV oA o o Ao

uaAsagauaTN 4.48 Wathafld llaluarminsdwianai ldfendiaudasea il

A1 A1 Rating score TaIN1INA&AU Winding resistance fa 2 @lﬁuﬁLLamlugﬂﬁ 4.78

gNNN 4. 48 @1 Winding resistance 71 lannmMInuzaunaanlasaIn 5

Parameter
VAN o 0,
A e AR%
Nagay 2.37
Winding resistance rating
Rating Code Winding resistance deviation [%] ArLuY
A AR < 1%
B 1% < AR < 2%
C 2% < AR < 3% 2
D 3% < AR < 5%
E AR 2 5%

gﬁﬁ 4,78 gﬂﬁnﬂ@nﬂaﬁwmmﬁ'am Rating 1a3n13na&ayll Winding resistance #ialilaian
75

4.1.5.9 nan13U31duen DGA LTC paswsiauslasdafi 5

NnMInasaURsaulaigaf 5 61 DGA 189 LTC ﬁmaaﬂl@ﬁmmagmumﬁaﬁ
4.49 WHatendlalldluaansiwi nan ler e ndautasaaiiien DGAF da 2.53
mwgﬂﬁ' 4.79 LLa‘;Eﬂ‘ﬁl 4.80 WHAIAN Rating score 289N1INAFDL DGA

e 4. 49 61 DGA 189 LTC 7 leannmInugalnaaiilaiaan 5

e

,:; CH, C,Hs CoHs CH,
ﬂ"’IVle@"ﬂ']ﬂﬂWTY]@ﬁa‘Ll

65 66 176 1.5
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Rating of the LTC Based on DGA

Score (Si)

Gas 1 2 3 4 Wi aruuu wisi
CH4 <30 30-50 50-100 2100 3 3 9
Vacuum C2H6 <20 20-30 40-50 250 3 4 12
LTC C2H4 <50 50 -100 100-200 =200 4 3 12
C2H2 <3 3-4 45 25 5 1 5
CH4 <100 100-200 200-300 2300 3 [4]
Resistive C2H6 <50 50-100 100-200 2200 3 0
LTC C2H4 <200 200-400 400-600 =600 5 0
C2H2 <500 500-1000 1000-5000 25000 3 0
Reactive CH4 <200 200-300 300-700 =700 3 0
LTC C2H6 <100 100-150 150-500 =500 3 0
[Diverter C2H4 <300 300-500 500-1400 >1400 3 0
comp.} C2H2 < 1000 1000-3000 | 3000-7500 27500 3 0
Reactive CH4 <50 50-150 150-250 2700 3 0
LTC C2H6 <30 30-50 50-100 2100 3 0
[selectar C2H4 <100 100-200 200-500 2500 5 0
copmp.) C2H2 <10 10-20 20-25 =25 3 0

DGAF = 2.533333333]

g'ﬂﬁ 4.79 gﬂmﬂmiwaﬁﬁmmﬁammm DGAF 284 LTC #uaulasan 5

Transformer LTC Rating Based on DGA Factor

Rating Code Condition Description
A Good DGAF < 1.2
B Acceptable 1.2<DGAF=<15
C Need Caution 1.5<DGAF<2
D Poor 2<DGAF<3
E Very poor DGAF =3

31U 4. 80 3UneTHAWIBMNEWN Rating U89n1INasaL DGA LTC wiiaudasaan 5

4.1.5.10 ¢in Load history va4nNaulasain 5
nNMInaseundaudaIgaf 5 @1 Load history Niiufinlduaasagainaisf
4.50 Wathaldldlaluamemsduwanaildfensdautasdaiiiidn LF fa 3 anugdf

4.81 LAY 4.82 WAAIAN Rating score BBINA Load history

eN3197 4. 50 6" Load history 2a4ndaulaian 5

Test S, : Monthly Peak load S, : Rate Load of transformer S/S,
transformer (MVA) (MVA) (N)
5 50 50 1
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LF Score
Rating Code Si/Sb Ni
A <06 0
B 06<1 1
C 1<13 0
D 1.3<15 0
E »1.5 0
Score LF -

311 4. 81 FneTdmANan Rating U846 Load history alauilanan 5

LF rating
Rating Load factor Condition LF
4 LF=235 ] 0
3 25<LF<35 sasy e 0
2 15<LF<25 da9syia 2
1 05<LF<15 %] 0
0 LF<05 weiznn 0
Rating
Continue operation with observation

UM 4. 82 e AN e Rating YaimInesay LF nlaulasdn 5

4.1.4.11 @1 GSI VaInaoulaIfan 5

Rating of Global Strategic Impact

score Safety of property and persons Safety of the electrical system Competitiveness Pollution Level
0 Not community General residence General residence Without industry
1 U\ " 178781 Industry not smoke Gl
5 In community/risk of explode Support hospit: ilding cost/ Loss of Production hight density Industry
3 LA By hight density Industry+sea
ArLuu 0 o 2 3 0.416666667
41.66666667

=

Eﬂﬁ 4.83 Eﬂmﬂmswﬁwmmﬁam Rating 789 GSI wNaulaiaan

PAINNAINITUILL T UNITINLADINIRUANIAIN GTC taz GSI ’wlisunsuna

Naﬁvlﬁaﬁﬂﬂﬁsﬂsztﬁm:gnagﬂaglugﬂﬁ 4.84 LR 4.85

GTC Parameter

Component K Condition Rating [ Gick
DGA 10 0 0
Power Factor 10 4 40
Qil Quality L3 1 [
Furan or Age 3 5
Turn ratio 5 2 10 0.511020412
Leakage reactance 5 3 n
Winging 6 2 2
Core-to-ground 2 3 5
DGA of LTC 6 1 [
Load history 10 2 0
5110294118

gﬂﬁ 4. 84 gﬂﬁnﬂmﬂaﬁﬂmmﬁ'am@hmaau GTC ¥ awlainln 5

Global Strategic Impact

GSl Index Description Result
86-100 Very high risk
71-85 High risk
51-70 Medium risk 41.66666667
31-50 Low risk
0-30 Very low risk

gﬂﬁ 4.85 gﬂmﬂmiwaﬁwmml,ﬁ'ammmwLﬁm GSI 3 aulaInIn 5



4.2 Nami’imiﬁzﬁ%ﬁauﬂmLL@ia:;jJﬂ

gﬂﬁ 4.86-4.90 LUWNAILATIZHA LAATINATTIAIWITHAT DGA main tank Ta9%3a

A o @
u,ﬂaagfm 1-5 MNAIAU

Criteria
Gas Action Limited Normal Limit Value Condition Note
H2 1000 150! 4 normal Good condition
CH4 80 25 13 normal Good condition
C2He 35 10 10 Medium Medium temperature thermal fault
C2H4 150 20 22 Medium High temperature thermal fault
C2H2 70 15 0 normal Good condition
ca 1000 500 102 normal Good condition
o2 15000 10000 1274 normal Good condition
Observation
' '
= a [ . v =
JU7 4. 86 NANIILATIEH DGA main tank VaInaaulasani 1
U U
Criteria
Gas Action Limited Normal Limit Value Condition Note
H2 1000 150 22|, normal Good condition
CHa 80 25 15| normal Good condition
C2H6 35 10 ] normal Good condition
CZH4 150 20 29 Medium High temperature thermal fault
CZH2 70 15 0 normal Good condition
ca 1000 500 220 normal Good condition
coz 15000 10000 1734 normal Good condition
Observation
A a 6 8 v A
o
JUN 4. 87 NamIILATEH DGA main tank Tadndaudasann 2
u u
Criteria
Gas Action Limited Normal Limit Value Conditi Note
H2 1000 150 ap| . normal Good condition
CH4 80 25 112 |..Dangerous Sparking
C2HE 35 10 9| _ normal Good conditien
C2H4 150! 20 a0 Medium: High temperature thermal fault
CaH2 70 15 0.9] mnormal Good condition
CO 1000 500 749|  Medium Thermal fault Cellulose
coz 15000, 10000 3300 normal Good condition.
Out of service
A a 6 \ v A
o
311 4. 88 NamMIILATEH DGA main tank Tadndaudaiann 3
u u
Criteria
Gas Action Limited Normal Limit Value | Condition Note
H2 1000 150 161| Medium Corona and Arcing
CH4 a0 25 26 Medium Sparking
C2ZHE 35 10 ] nommal Good condition
CaHa 150 20 13| -~ nmormal Good eondition
C2H2. 70 15 0|~ normal Good condition
Co 1000 500 559 Medium Thermal fault Cellulose
co2 15000 10000/ 643 normal Good condition
Observation
' '
= a [ . v o]
E‘UYI 4. 89 HanNTILATLHh DGA main tank Va3l i’JLL‘L]ﬂ\‘IQﬂ'YI 4
Criteria
Gas Action Limited Normal Limit Value Condition Note
H2 1000, 150 13|~ normal Good condition
CH4 80 25 26 Medium Sparking
caHs 35/ 10 9 normal Good condition
C2H4 1501 20 212| Dangerous High temperature thermal fault
C2H2 70 15 2 normal Good condition
co 1000, 500 890 Medium Thermal fault Cellulose
coz2 15000 10000 7700 normal Good condition
Out of service

gﬂﬁ 4. 90 NAMTILATIZH DGA main tank mamﬁmmmgﬂﬁ 5

dl a
Eﬂ‘ﬂ 4.91-4.95 L UWNAILAT

gﬂﬁ 1-5 NAAL

LSRN LAAINATTIAIWITHAT DGA LTC vadniauiad
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Criteria
Gas Action Limited INmmaI Limit Value Condition Note
H2 1000 150 5 normal Good condition
CH4 80 25 11 normal Good condition
C2HB 35 10 8 normal Good condition
C2H4 150 20 20 Medium High temperature thermal fault
C2H2 70 15 1] normal Good condition
co 1000 500 86 normal Good condition
coz2 15000 10000 1266 normal Good condition
Observation
A a 6 v A
Eﬂ'ﬂ 4. 91 HANTILATIER DGA LTC vaindauy ﬂ\‘]t:}ﬂ"l’] 1
Criteria
Gas Action Limited INorma| Limit Value Condition Note
H2 1000 150 42 normal Good condition
CH4 80 25 27| Medium Sparking
C2H6 35 10 8 normal Good condition
C2H4 150 20 33 Medium High temperature thermal fault
C2H2 70 15 1] normal Good condition
co 1000 500 170 normal Good condition
coz 15000 10000 1165 normal Good condition
Observation
A a 6 v A
Ell'ﬂ 4. 92 HANNTILATIZH DGA LTC vadinaaud aagrm 2
Criteria
Gas Action Limited - |Normal Limit Value Condition Note
H2 1000 150 29 normal Good cendition
CH4 80 25 111| Dangerous Sparking
C2H6 35 10 18 Medium Medium temperature thermal fault
C2H4 150, 20 65 Medium High temperature thermal fault
C2H2 70 15 0.6 normal Good condition
Cco 1000 500 543 Medium Thermal fault Cellulose
Cco2 15000 10000 3541 normal Good condition
Out of service sparking
A a [ v A
31]7] 4. 93 WanNILaeK DGALTC mamuauﬂaagﬂ'ﬂ 3
Criteria
Gas Action Limited Normal Limit Value Condition Note
H2 1000 150 12 normal Good condition
CH4 80 25 2 normal Good condition
C2H6 35 10 :3 normal Good condition
C2HA 150 20 3 normal Good condition
C2H2 70 15 0 normal Good condition
co 1000 500 461 normal Good condition
coz 15000 10000 543 normal Good condition
normal
A a [ v A
U7 4. 94 Wan33aTzn DGA LTC vasnaiauilasgni 4
Criteria
Gas Action Limited Mormal Limit Value Condition Note
H2 1000 150 110 norma| Good condition
CH4 80 25 65| Medium Sparking
C2H6E 35 10 66| Dangerous Medium temperature thermal fault
€2H4 150 20 176| Dangerous High temperature thermal fault
C2H2 70 15 1.5 normal Good condition
co 1000 500 770 Medium Thermal fault Cellulose
co2 15000 10000 4100 normal Good condition
Qut of service

gﬂﬁ 4. 95 NANNTIAIILH DGA LTC mamﬁauﬂaoﬁﬂﬁ 5

UM 4.96 - 4.100 1 Tunadiazdi ldanarsadiuamedn Tum ratio, Leakage

reactance, core to ground, winding resistance L8z power factoruad4® N LL‘}Jadgﬂﬁ 1-5

AN
Criteria
Parameter Limited Value Condition Note
Turn ratio rating 0.5 0.19 normal Good condition
Leakage reactance rating 3 0.78 normal Good condition
Core-to-ground resistance rating 1000 1200 normal Good condition
Winding resistance rating 5 0.56 normal Good condition
Power factor rating 0.5 048 normal Good condition
normal

UM 4. 96 WAMTILATEI Electrical parameter UadvalauLlasgni 1



Criteria

Parameter Limited Value Condition Note
Turn ratio rating 0.5 0.19 normal Good condition
Leakage reactance rating 3 0.74 normal Good condition
Core-to-ground resistance rating 1000 2298 normal Good condition
Winding resistance rating 5 043 normal Good condition
Power factor rating 0.5 047 normal Good condition
normal

UM 4. 97 WAMTUATIEH Electrical parameter Uadwalaulasgni 2

Criteria

Parameter Limited Value Condition Note
Turn ratio rating 0.5 0.19 normal Good condition
Leakage reactance rating 3 0.87 normal Good condition
Core-to-ground resistance rating 1000 920 Observation Medium temperature thermal fault
Winding resistance rating 5 1.74 normal Good condition
Power factor rating 0.5 0.51 Observation Arcing

normal

37 4. 98 WAMTAATRI Electrical parameter Uadvalaulasgni 3

Criteria
Parameter Limited Value Condition Note

Turn ratio rating 05 019 normal Good condition
Leakage reactance rating 3 0.81 normal Good condition
Core-to-ground resistance rating 1000 780 Observation Medium temperature thermal fault
Winding resistance rating 5 0.5 normal Good condition

Power factor rating 0.5 047 normal Good condition

Observation

3UM 4. 99 WaMTAATRA Electrical parameter Uadvalauilasgni 4

Criteria

Parameter. Limited Value Condition Note
Turn ratio rating 0.5 0.62 Observation Corona and Arcing
Leakage reactance rating 3 0.83 normal Good condition
Core-to-ground resistance rating 1000 410 Observation Medium temperature thermal fault
Winding resistance rating 5 2.37 normal Good condition.
Power factor rating 2 0.27 normal Good condition

Observation

3U7 4. 100 WAMIIATH Electrical parameter Ua3nilaulaigni 5

A = a {A ¥ o 1 4 | v
E‘JJ‘YI 4.101 - 4.105 L'LI%NG'JLﬂi’]&%ﬂvl@ﬁnﬂ@lﬁi’]{iﬂ”lu'lm@ﬂ Oil quality 183nd8

A o 2
LL‘LI'N\‘]Qﬂ‘Y] 1-5 UKD

Criteria
Parameter S69kV 69 kV <Un € 230 kV 230kV SUn Value Condition Note
Dielectric strength 40 a7 50 76.3 normal
Interfacial tension 25 37 32 33 nofmal
Acid number 0.2 0.15 0.1 0.03 normal
Water content 35 25 20 2.9 normal
Qil color 2 2 2 13 normal
normal
A a 6 . _ % A
317 4. 101 WamaLANzA Ol quality vaIndauLlasgni 1
Criteria
Parameter <69 kv 69 KV <Uin €230 kv 230kV £ Un Value Condition Note
Dielectric strength 40 47 50 91 normal
Interfacial tension 25 37 32 35 normal
Acid number 02 015 01 0.03 normal
Water content 35 25 20 3.06 normal
Oil color 2 2 2 15 normal
normal
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Criteria
Parameter <69 kv 69 kV <Un £ 230 kV 230kV € Un Value Condition Note
Dielectric strength 40 a7 50 52 normal
Interfacial tension 25 37 32 30 normal
Acid number 0.2 0.15 0.1 0.12 normal
Water content 35 25 20 la9 normal
Qil color 2 2 2 3 Observation
Observation
n:i a [ . . v d'
Eﬂ"n 4. 103 Wan1ILAIeH Oil quality V8InUD L ﬂx’li@jﬂ“ﬂ 3
Criteria
Parameter <69 kv 69 kV <Un €230 kV 230kV £ Un Value Condition Note
Dielectric strength 40 a7 50 68 normal
Interfacial tension 25 37 32 31 normal
Acid number 02 015 01 0.016 normal
Water content 35 25 20 15 normal
0il color 2 2 2 13 normal
normal
A a o [ . . v A
3‘1_]7] 4. 104 NanN13A31ZA Oil quality Vadrue L a\‘]fﬁﬂ‘ﬂ 4
Criteria
Parameter <69 kv 69 kV <Un <€ 230 kv 230kV<Un value Condition Note
Dielectric strength 40 47 50 495 normal
Interfacial tension 25 37 32 22 normal
Acid number 02 015 01 05 Observation
Water content 35 25 20 183 normal
Oil color = 2 2 36 Observation
Observation

317 4. 105 wamM AR Ol quality VaInauladgni 5

3UN 4.106 - 4.110 (JUHATLATIZAN lGIINAITI9AIRITAAN furanic or age B84

%ﬁauﬂadgﬂﬁ 1-5 AMNA1AU

Rating Furanic or age

Rating Code Furaldehyde[ppm] Age Year ALY
A 0-0.1 Less than 20 4
B 0.1-0.5 20-40
C 0.5-1 40-60
D 15 More than 60
E >5

3Ll 4. 106 NAMTILATIZN furanic

Rating Furanic or age

Score

VL4

normal

or age UaIMABULRIRNT 1

=

Rating Code Furaldehyde[ppm] Age Year Aaszuuuy
A 0-0.1 Less than 20 4
B 0.1-0.5 20-40
C 0.5-1 40-60
D 15 More than 60
E >5
Score 4
normal

UM 4. 107 HAMIIATIEA furanic or age BB aUaIgNN 2



Rating Furanic or age

Rating Code Furaldehyde[ppm] Age Year AziluY
A 0-0.1 Less than 20 4
B 0.1-0.5 20-40
C 0.5-1 40-60
D 15 More than 60
E =5
Score 4
normal

U7 4. 108 HAMIIATIEA furanic or age Vasndaudaigni 3

Rating Furanic or age

3U7 4. 100 NAMTAUATIHA furanic or age VasndauLlaignn 4

Rating Furanic or age

Rating Code Furaldehyde[ppm] Age Year [T
A 0-0.1 Less than 20 4
B 0.1-0.5 20-40
C 0.5-1 40-60
D 15 More than 60
E =5
Score ;1\, \%
normal

Rating Code Furaldehyde[ppm] Age Year Asuuy
A 0-0.1 Less than 20 3
B 0.1-0.5 20-40
C 0.5-1 40-60
D 15 More than 60
E =5
Score . v\dﬁm ‘ N
normal

7

U 4. 110 WamMIAATEA furanic or age UaIndaulaigni 5

A A G'tzi v o 1 . v
31]7] 4.111 - 4.115 Lﬂ%Nﬂ')Lﬂi']l’%“nvl@]’inﬂ@]']'i']\‘]ﬂ']%'lﬂM’T] Load history 1aJ#ua

A o @
LuJaaQﬂ“n 1-5 @INAIAL

LF rating

Rating Load factor Condition LF

4 LF=35 ] 0

3 25<LF<35 aausu'la 5

2 15<LF=<25 #a97539 0

1 05 LF=<15 wei 0

0 LF<05 WA 0

Rating 3

normal

UM 4. 111 HAMIIATIEA Load history Basnalaudagni 1
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LF rating

Rating Load factor Condition LF

4 LF 235 & 0

3 25<LF<35 sausy'la 3

2 15<LF<25 HaaTEia 0

1 05=LF<15 wei 0

0 LF=05 [18HTR 0

Rating 3

normal

UM 4. 112 HaMIIATIEA Load history Uasnslauaigni 2

LF rating

Rating Load factor Condition LF
4 LF>35 F 0
3 25<LF<35 gausula
2 15<LF<25 faasyis | 0
1 05=LFE<1.5 LLE 0
0 LR 0.5 LEINA 0

Rating ‘B
normal

U7 4. 113 WaM TN Load history Uasvaiauilasgni 3

LF rating
Rating Load factor Condition LF

4 L &35 @ »
3 25<LF<35 sauiu'le ;' 0 @
2 15<LF<25 GaasyIe od
1 05<LF<15 el s
0 LF <05 WEA

Rating

normal

U7 4. 114 wan33iA9eA Load history vasvaiauLlasgnil 4

LF rating

Rating Load factor Condition LF

4 LFz35 i 0

3 25<LF<35 nausu'le 0

2 152 LF<25 EGEEEL] 2

1 05<LF<15 e 0

0 LF<05 weisnn 0

Rating 2

Continue operation with observation

U7 4. 115 wamMIUATEHA Load history vaswaiauLlasgni 5
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5.1.3 wilaulasenfl 3 wlaudssuwianna 115 kV, 50 MVA
INHANIILATIEFVIAN TR MR a L8967 3 WUTe1 GTC ﬁvlﬁayﬂu
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C,Hg W1dLaasdan1fe Power factor ,core to ground resistance as Oil quality nian
a 1 A o 1 1 a & 1 6 . A oA
NANAFDULABAINTINUG §IBATNANITUIZLAW GSI uuaglummm Low risk 5313031
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Risk Index Alternative for Power Transformer Condition Evaluation for Maintenance
Kasidis Marinjhon !, Norasage Pattanadech’ and Phop Chancharoensook®
!Department of Electrical Engineering, School of Engineering,
King Mongkut's Institute of Technolegy Ladkrabang Bangkok, Thailand 63601073 @kmitl.ac.th,
‘Department of Electrical Engineering, School of Engineering,
Eing Menglut’s Institute of Technology Ladkrabang Banglok, Thatland

Abstract

Maintenance is  indispensable for  power
transformers. However, due to the large number of
multi-component  testing involved in each
transformer, covering all maintenance is not practical.
It is required to assess the crucial transformer
condition before performing maintenance. Currently,
there are many indexes used to determine such
condition, yet some analysis may mot be necessary.
This article proposes that only the important
parameters should be selected for the evaluation of the
power transformer conditdon. It also considers the
consequences of any associated error. The proposed
risk index for power transformer maintenance can
result in both time and cost-saving.

Kevwords: Risk Index, General Technical
Condition, Global Strategic Impact, Risk Matrix,
Power Transformer.

1. Introduction

The power transformer is an electrical device that is
very important to a power system. It alse affects the
reliability of the power system. Itz lifespan wvaries
dependmg on wsage. While the transformer 15 m use. it
will be detertoration in the dewice. Whether it 1s a paper-
insmlated or oi imsulated transformer, moisture is
generated when wused at high temperafures. This
deterioration can lead fo senous damage or explosion
which can harm human and properties in close proximity.
Therefore, it is crucial fo assess the condition of the
transformer and its nisks in order to prevent potential
hazards. The risk index is one of the methods nsed to test
transformers’ condifions. This method can evaluate which
transformer should be priorihized first. The proposed nsk
consists of two main components. The first part is GTC
{(General Technical Condition), which is a mumber
indicating the probability of failure of the transformer
under test. The second part is GSI (Global Stratepic
Impact). This onmber indicates the impact of the failure
potential of the transformers under test [1].

1. Risk index method

The risk index is ome of the methods used to
determine which transformer will be maintained first. It
divides into 2 components used in the analysis 1. GTC
(General Technical Condition) 2. GSI (Global Strategic
Impact.

The first part 15 GTC Methed. GTC is a calculation
method that considers the criteria to characterize the risk
of transformer failure. This section focuses on condition
assessment based on past research with uwp to 24
parameters [8]. The survey of CIGREE Working Group
12.05 [4] of more than 1,000 fanlted power transformers
in 1968-1978, the results are shown in Fig. 1 [4]. As a
result of the survey, equation 1 provides weighing the
importance of the transformer condition assessment.

According to the percentage fault from a defective
component of transformers, 40 percent of error is cansed
by LTC. Therefore, the LTC factor involves 40 percent in
calculating the GTC wvalue. The remaining 60 percent
comes from condition of the overall compenents of the
transformer.

nelay 5%

core S

winding MM

bushing 14%

Fiz. 1 Defective components of a ransformer (LTC: load tap changer)
[

CF; Il E;GICF;
L+ 409 T2

T4 E;GT
GTC = 60%% ——= — ()
L™

T o

Where j is the number of parameters, K is the
coefficient of mmitiplication. and GTCF is the number
from evaluation of each testing parameter.

Takle 1 GTC (General Technica]l Condition) [8]

GTC (General Technical Condition)
Approximate
719 Condition Description Ellpefﬁd
Index Lifetime
Some aging or “ore tham 15
. ny minor deterioration Agre than L
85-100 Very Good of & limited years
number
Sigmificant More than 10
TO-£3 Guood deterioration of years
SOIME COMNPOnEnts
Widespread
siznificant
deterioration or
5070 Fair serions Up to 10 years
deterioration of
specific
Components
£ i Less than 3
30-50 Toor Wlde.sp:\e:gd serious —
deterioration
0-30 Very Poor Eﬁ!l{-‘»t\'!_seﬁous At-End-of Life
deterioration

Table 1 summarized the condition of the GTC technic
that was analyzed from 24 parameters vsing equation 1.
Parameters 1 to 21 are parameters analyzed from overall
test parameters except from LTC. On the other hand
parameters 22 to 24 are analyzed from parameters in LTC.



The second part is GSI Method. The GS5I is a value
indicating the consequences of a transformer failure. The
higher this wvalue is, the higher effect can be found,
according to the Guide on Economucs of Transformer
Management CIGRE WG A2 20 [1]. The impact can be
classified into 5 cases, consisting of the safety of property
and persons, the safety of the electrical system,
environment, competitiveness, and company image. The
G5I value uses equation 2 to calculate.

(5 St e @

Where n is a parameter in the GSI factor and N is the
total parameters of the GSI factor.

Table 2 Global Stratemic Impact

GSI Index Description
85-100 Very high risk
T0-835 High nsk
30-70 Medium risk
30-30 Low risk

0-30 Very low nisk

Table 2 provides a rating for the damage that will
occur if the transformer is faulty.

3. Parameter and Calculations Method
3.1 GTC (General Technical Condition)

It has been found that analyzing various parameters 1s
a costly and fime-consuming process. Therefore, i this
work, only imporfant parameters are selected for
evaluating the operating condifions of the power
transformers. Only 9 out of the 24 parameters are used,
namely DGA . Power Factor, Oil Quality, Furan or Age,
turn ratio, Leakage reactance, Winding resistance, Core-
to-ground, and DGA of LTC.

Table 3 The GTC parameter

No. | Component Risk | K | Condition GTCFE
Index Rating
1. DGA 10| ABCDE 43210
2 Power Factor 10 [ AB.C.D.E 43210
3 0il Quality 6 | ABCDE 43210
4 Furan or Age 5 | ABCDE 43210
5 Tum ratio 5 /| AB.CDE 43210
3] Leakage reactance | 8 | AB.CDE 43210
7 Winding 6| AB.CDE 43210
resistance
g Core-to-ground 2 ABCDE 4321
a DGA of LTC ABCDE 4321

In Table 3 parameters that apply in the GIC
assessment are sunmmarized. The score to assess the
condition can be calculated using ecquation 3.
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Firstly, the chemical parameter evaluation will be
discussed.

3.1.1 Dissolved Gas Analysis (DGA)

Oil analytical testing is a reliable and useful method for
evaluating insulation performance based on the amount of
gas generated by a thermal fault [3] Gas formation is
temperature-dependent  which may  form at  low
temperatures with Hy and CH, beginning to form at 150°C,
C>Hg beginning to form at 250 °C, C,H. starting to form at
350 °C and high temperatures, C,H; begins to form at 500
°C {hot spot) or 700 °C (Internal arcing) [6]. And from the
deterioration of the insulation paper. CO and CO; will
form at temperatures above 100 degrees Celsius [2]. Due
to the amount of gas generated, it 15 a very good indication
of any malfunction or fault within the transformer. DGA is
one of the most useful and practical methods. In which the
test uses IEEE C57.104 [3]. Efficacy evaluation uses
equation 4 to evaluate the oil efficiency. The results of the
efficiency evalvation are given in Table 4. From the
equation. W; (weigh factor). and 5; the values are given in
Table 5.

= Zi=1 SWi
A @
Tzble 4 Transformer Rating Based on DIGA Factor]5].
Rating Code Condition Description
A Good DGAF =12
B Acceptable 17=DGAF =135
C Need Caution 15 =DGAF =2
D Poor 2=DGAF =3
E Very poor DGAF =3
Table 5 Sconng and Weight Factors for zas Levels[5]
Score (5i)
Gas | 1 2 3 4 5 ] Wi
Hx = 100- | 200- | 300- [ 300- 2
100 | 200 | 300 | 500 700 700
CH: | =7 75- | 125- | 200- | 400- 3
125 | 200 | 400 600 600
C:Hs | =65 | 65- 80| 100« |/ 120- 3
20 100 | 120 130 150
CoHae | =30 30- 80- | 100- | 150- 3
20 100 | 150 200 200
CH: | =3 3-7| 7-35 |35 | 50-B0 | =80 | 3
30
Co = 330- | 700- | 900- [ 1100- 1
350 | 700 | 900 | 1100 | 1400 | 1400
COy o= = = = = 1
2500 | 3000 | 4000 | 5000 | 7000 | 7000

3.1.2 Qi quality

In addition to the DGA test. transformer oil
performance can also be assessed by other structures,
whether a chemical test or a physical test such as water



and oxvgen content, Interfacial tension, acidity index,
dielectric  strength, color. These walues will wvary
depending on the transformer size, etc [7]. The standards
used for testing are ASTM D1553, ASTM D971, ASTM
D974, ASTM D924, ASTM D1816. . ASTM D1300 in
sequential testing [8] The oil quality factor (OQF)
condition is shown in Table 7 using equation 5 fo
calculate.

_ EL SeW; <
OQF LW (5)
Table 6 Insulating ol parameters evaluation based on IEEE C57.106-
2006 [8].
69 kV 130
Size / U. ‘—gg U< | KV< 5“:_" wi
wowv | v | ®
Dislectric :—:;45 =32 = g0 -
<trength 3545 | 4752 50-60 2 3
- 3035 | 3547 40-30 3
(6 V/mm)(Imm) ———=7 3547 | 4030 4
Interfacial 22 | 250 =40 L
tension ZI?-JS 2330 25.32 2 5
X 15-20 18-23 20-25 3
(dyne/cm) 15 | =18 =20 ry
=005 | =004 | =003 1
n&nf T | 00404 069: X 5
Acid number - - 1
0l e (5T5 WO 3
02 ~N 0.1
=02 _| =015 =01 4
=30 =120 =15 1
Water content 30-35 20-25 15-20 2 4
(ppm) 3540 | 2530 20-25 3
=40 =30 =25 4
=15 1
. 1.5-20 2
01l color 00 3 2
=23 4

Siand Wiin equation 5 are the scores from
evaluating and weighing factors. Both are shown in
Table 6.

Table 7 Ratine of erl qualiy tests [8].
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not give an accurate value. However, the lifetime of the
transformer can be evaluated instead as a criferion. The
scoring criteria are summarized in Table 8.

Rating Code Condition Description
A Good OQF = 1.2
B Acceptable 1.2=0QF=15
C Need Caution 15=00QF =<2
D Poor 1=0QF =3
E Very poor DQF =3

3.1.3 Furanic compound

It is a substance produced by cellulose degradation of
the paper insulation, which shows the residual life of the
transformer according to IEC 61198 [10]. Furan analysis
is a more convenient method of analysis than direct
measurement on paper insulators [9]. There are five types
of furan, but the most commonly used i the analvsis 1s 2-
furaldehyde (2FAL) becanse it is the one that 15 most
associated with cellulose degradation. This test cannot use
o0il that has been replaced for evaluation because it will

Table § furamic compound analysis rating [5].
Rating Code Furaldehyde Age Year
[ppm]

A 0-0.1 Less than 20
B 0.1-0.3 20-40

C 0.3-1 40-60

D 1.5 Moare than 60
E =5

In the furan test, this parameter is used when
transformers are found to have high CO or CO; values
and a service life of more than 25 years.

Based on more than 30,000 data tested in previous
work. furan data shows no correlation with transformer
life in Table 8. Therefore, furanic compound assessments
are of reduced importance and can be removed from the
estimation when there 1s difficulty for on-site testing.

3.1.4 Tap Changer

The DGA load tap change is another parameter that
should be analvzed. Fig 1 shows 40 percent of the power
transformer faults 15 related to the LTC. The LTC can be
classified into different types depending on their use.
Each category has different sconng results according fo
the Table of Rating of the LTC based on DGA mn “An
Approach to Power Transformer Asset Management
Using Health Index™ [8]. DGAF scoring 1s shown in Table
4.

3.1.5 power factor

It is a test to examine the condifion of the transformer
and bushing from the survey of South-East Asia
transformer by JMCC in 2001-2014 shows that the fault
transformer caused by the bushing is up to 23.41 percent.
It makes bushing is another aspect that should be paid
attention to as well. The power factor test is a test to verify
the condition of the capacitive insulation between
different windings and the shared material The test can
be done by measuring the transformer insulation capacity
and power factor at voltages up to 10 KV (at 50 or 60 Hz).
Measurement points are high-voltage winding to ground,
high - to low veltage winding. low-voltage winding to
ground, high- to tertiary-voltage winding, low- to tertiary-
voltage winding, and the teriary-voltage winding to
ground insulation[7]. The PFu, values, or the maximum
PF values, are defined in the table at “An Approach to
Power Transformer Asset Management Using Health
Index[8].

Electrical evaluation is one of the test methods that
can assess the sfate of the steel core and infernal coil
without open the tank, which 1s a pracfical parameter and
reduces time and costs by “Asset-Management of
Transformers Based on Condition Monitoring and
Standard Diagnosis™[11] shows that the result of electrical
fanlts is up to 29%. Turn ratio, Leakage reactance, core fo
ground resistance, and winding resistance will be tested.



The scoring criteria are defined in the table at “An
Approach to Power Transformer Asset Management
Using Health Index™ [8].

3.2 GSI (Global Strategic Impact)

In this paper, only the case which has caused a lot of
damage is taken into account. This is done by focusing on
the Safety of property and persons, Safety of the electrical
system, and competitiveness. All parameters involved are
given in Table 9.

Table 9 Rating of Global Stategic Impact

GSI factor (n)
seore Safety of Safety of the Competitiveness
property and electrical system
personz
0 Not commnumity | Generzl residence General
residence
2 In Support Rebuilding cost/
commmmity/mizk | hospital'databaze Lozs of
of exploda Production’
Energy Non
Served cost
GST=TamSoores o0, ©)

Using the score from Table © and equation 6, GSI index
can be calculated as shown in Table 2.

4. Risk matrix

The Risk Matrix 15 a combined matrix that takes the
estimated GTC and GSI values to plot a peint into the
graphs. Fig. 2 shows a comparison When the
transformers have the same or close GIC walies,
maintenance will be focused on the transformers with
higher GSI values. In other words, it can be assumed that
the transformer should be repaired first if the plotted point
15 located in the F zone. The mamtenance priority will
even decreased if the point is located further in zone D,
zone C, zone B, and zone A, respectively.

e

Fiz. 2 risk matrix

5. Conclusion

This paper proposes a method for assessing the power
transformers' conditions to perform mamtenance. The
technique uses the critical weighing analysis method of
each parameter obtained from the famlt test. The
According to CIGRE survey, the most essential and easy-
to-test parameters are chosen, such as DGA. Power
Factor, Oil Quality, Furan or Age, tum ratio, Leakage
reactance, Winding resistance, Core-to-ground, and DGA
of LTC. Selection of ftransformers for maintenance
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requires evaluation of not only the transformer condition
analysis but also the importance of each transformer. Such
significance consists of three parameters: safety of
property and persons, safety of the electrical system and
competitiveness. Once the GTC and G5I are plotted m the
risk matrix, it is possible to assess which transformers
should be paid aftention to in terms of maintenance
priority. Comparing to previous research, the proposed
method has significant improvement as it can save both
time and cost involving power transformer maintenance.
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TEST REPORT
Serial No : [P — |
2. Measurement of Voltage ratio and check of phase displacement
Standard : IEEE C57.12.90 Ambient Temp : 273 °C
Criteria : Deviation not more than = 0.5% Humidity : 577 %RH
T Tap Voltage HI1-H3 /x1-x0 H2-H1/x2-x0 H3-H2? / x3-x0
ap : > .
HV (EV) LV (V) Ratio Ratioy,, %aDve. Ratiog,, %%Dve. Ratiog,, 29Dve.
1 1265 231 94353 94674 -0.19 94671 -0.19 94676 -0.18
2 1251 231 0377 93616 -0.17 93611 -0.17 93616 0.17
3 1236 237 9.269 9.2559 -0.15 9.2558 -0.15 92558 £0.15
4 1222 231 9.162 9.1499 -0.13 9.1496 -0.13 91499 -0.13
5 1208 231 9.054 9.0441 -0.11 9.0440 -0.11 90442 -0.11
[ 1193 231 8046 8.0385 -0.08 20381 -0.09 80382 -0.09
7 1179 231 8.838 8.8327 -0.06 8.8322 -0.07 8.8326 -0.07
3 1164 231 8.731 8.7268 -0.04 8.7266 -0.05 8.7263 -0.05
9 1150 231 8.623 8.6210 -0.02 8.6207 -0.02 8.6210 -0.02
10 1136 231 8515 85151 0.00 85149 0.00 85150 0.00
11 1121 231 8.407 8.4094 0.03 8.4090 0.02 8.4002 0.02
12 1107 231 8.299 8.3036 0.05 8.3033 0.05 8.3036 0.05
13 1093 231 8192 81979 0.08 8.1975 0.07 8.1078 0.08
14 107.8 231 8.084 20920 010 8.0019 0.10 80921 0.10
15 106.4 231 7.976 7.9863 0.13 7.9861 0.13 79861 0.13
16 1049 231 7.868 7.8807 0.16 7.8805 0.16 7.8806 0.16
17 1035 231 7.760 T.7749 0.19 7.7745 0.18 7.7748 0.18
Vector Group : Dvn 1 HV-LV
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WNanadgau Winding resistance

TEST REFORT
Serial No : ]
3. Measurement of Windins Resistance
Standard - IEEE C57.12.90
Mlaterial : Copper
Avg. (il Temperanme : 273 “C
Feference Temperature 75 *C
HV Winding Resistance (Ohm) . o = Windine Facis -
Tap Dos. oo = om :Ii*;u;uu Avaraze # Resistance (Ohm)
(273°C) (273°C) (27.3°C) o (27.3°C) (75°C)
1 066164 0.66036 0.66345 047 0.66182 0.78217
2 0.864707 0.64585 0.54394 048 0864720 0.TA500
3 063247 0.63117 0.63430 048 0.63265 0.74770
4 0.61792 0.61659 0.61975 051 0.61809 073040
5 0.60329 060184 0.60515 0.53 0.50346 0.71320
] 0.58863 058736 059049 053 0.58883 0.603591
7 0.57400 057274 5T587 055 057420 067862
& 055847 055817 056133 036 055966 066143
o 0.54399 054300 0.54569 048 0544268 0.64323
10 0.55945 0.55864 056156 0352 0.55995 0.66178
11 0.57430 057310 057619 052 0.57456 067005
12 0.58896 058783 0.59089 052 0.58923 0.60638
13 0.60356 0.60243 0.60554 052 0.603E8 0.71369
14 0.41811 0.61601 0.41999 050 0.61834 .T3078
15 0.63278 0.63156 063454 049 0.63200 0.74810
14 0.84731 0.64608 0.64915 047 0.64751 0.76527
17 0.56197 066071 0.66379 047 0.66216 0.78257
LV Winding haterial : Copper
Ave. Ol Temperane : 2730 C Beference Temperature : LR
Tap Pos. LV Winding Resistance (m/Olhm) %Deviaton Average Winding Besistance (mOhm)
7 -x3 x3-xl (Max)
( 2730C) (27.3°C}h (273 y - {75°C)
17.204 17.267 037 17235 20.3459
Tap Pos. LV Winding Resistance (mOhm) & Deriation Average Winding Besistance (mOhm)
x1-x0 x2-aD x3-x0 (Max )
[273°C) (273 °C) {273°C) 373°C) [75°C)
86207 B.5055 5.4200 040 26184 101858




Nanagau Core to Ground

TEST REPORT

Sertal No : ]
4. Measurement of Insulation Resistance
Standard - [EEE C.57.12.90
o - - Ambient Temp. : 21. °C
Criteria: = 1000 M= at 1min . PI>1.5 H .dif'v_ 54 R
If the 1 min insulation resistance is above 5 GO , the calculated PI may not be o ’ -
meaningful
Avg. Oil Temperaturs. : 274 =C Cour. ar 20 °C
Test Veltage - s — - - y _ - - . i
(VDO Termmals l].‘l‘_L‘l|_I.T_I:l .111‘.1|.1|41:1m|::u_1:.|6_1.1|.1:| _'|.\_|:|Su.1m|91m| Omin 1_1.1|.r_|10:u_1:. Pl
(GO
3000 HV-LV 227 1 3L% 39.5 458 515 60.3 3.4 §7.8 3g1 113.8 199
5000 HV - LV=CT=Tank(G) 37 40.7 4.6 448 489 515 51.7 516 6.3 883 142
3000 LV - HV=CT+Tank{G) 21 154 315 353 g9 0S5 411 o 480 483 354 gL1 el
4.1 Measurement of Core-Grounding Insulation Resistance
Criteria : z 500 Me at Imin
Ave il Temperanre. : 74 Comr: ag20°C
Tast Voltage Terminals 1 min 1min
(VDC) N (Ga) (G
2500 Core - Clamp = Tank(G) 0.a 1.2
2500 Clamp - Core = Tank(G) 04 0s

Nanadal Power factor

TEST REPORT
Serial o . ew
*7. Measurement of Dissipation Factor{tan a) and Capacitance
- \ 7 o idite - 1 ®
Standard IEE C57.12.90 Ambient Temp : s € Humidity : -+ 50.0 «RH
. ; 270 =C Temp. Correction : 1.1650
Criteria - DF% at 20°C = 0.5% Insulation Temp
Beal Powar DF % DE % Can
Function Mode| Parameter Energizad Ground Guard Umms (&) | Ieff Test (mad) @IV (tam 2) ar 27 W . -, Note.
= e {tan 5 E20°C (zF)
)
GuzB CH+CHL HV LV+Tank - 100 32440 066614 021 0.18 10.32
Gstg ARB CH HV Tank LV 10.0 0,024 23002 0.23 0.20 3.159
USTA CHL HV LV Tank 100 022520 041647 0.18 0.18 7.164
GstzB CL+CHL LV LV+Tank - 10.0 §3.680 13800 022 0.19 2026
Gstg ARB CL LV Tank HV 10.0 41.170 0.9822 024 0.20 13.10
* 7.1 Measurement of Dissipation Factor and Capacitor For Bushing
5 : . 278 °C Hunudity : 50.0 %RH
Standard - IEE C57.12.90 Ambient Temp : ¥ o
. ) 270 = Temp. Correction : 0.9250
Criteria : <0.5% Insulation Temp :
Feal Power DF % .
. Paramatar P . ) - P . DF % Cap. Bushing
A @) at27
Function Mode| hase Energized Ground Guard U mms (V) | Teff Test (mA) .,_.[,ms‘l'i'] {tam c]Ca[ (tm5) @I0°C 5 Grial No.
USTA CLHI1 HV Test tap Tank 100 064035 2748 043 048 203.8 1Z5CT240
Gtz AKB C2HIL Test tap Tank HV 07 0.17330 .71 018 0.19 7 DE2E404
USTA ClH2 HV Test tap Tank 10.0 05420 28.50 044 048 2045 1Z5CT240
[ C2HD Test tap Tank HV 0.7 0.15070 3139 015 0.16 685.0 08284103
USTA CLH3 HV Test ap Tank 10.0 0.6420 28.46 0.44 0.48 1Z5CT240
Guz AKB C2H Test tap Tank HY 0.7 0.15800 3754 0.17 0.18 0E284/06
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TEST REPORT
Sciall Mo ]
201 Measurement of Single Phase Lea Lm £
Srandrd © IEEE (4 A Aarbient Temg: 2 C
Criteria Salleviation = 3 Husmidity : 4 wBH
Tapang Termimal Phase Messurement AL Phase) viDevintion
Shon “Wohage V) Cierem] Aj
X1-X0
1 M2-N0 0.78
RER]
X1-X0
. X0 I.Tx
H3-X0
X1-X0
3 250 1T
H3-N0
X1-X0
4 3230 0.72
= WI3-N0
M-
L] | X210 .79
el ]
3130
F HIH0 0.7
]
| J i
| HLHR M3-X0
g LTS LS
Ll Hi-HI 3230 |78
HI3-H2 330 L4820 | o BH
| T — X0 19547~ | 2y 1 e
4 i HE2HI A32-N0 1493 44 1 e 10 LT
i RER ] 19154 1 945
HI-H5 X1-X0 LT w141
i} 1 1 A2X0 18944 T w14 1143
X3.30 185 4] 1 02
1 R ] | 14
11 1 H2-HI \ X200 | .42 Lt
H3-H2 | ER | 186 A1
l X130 1727 b
12 | 3230 A5 ) | Ut
| X3-Xi 175003 1 £320
1 X1-30 L6734 i 10
13 | 1 XX 16743 K324 139
1 X3-X0 | .90
TEST REPORT
Serial Mo : | ]
20.1. Measurement of Single Phase Leakage Impedance (Continue)
Standard IEEE €57.12.00 Ambient Temp : 26.6000 °C
Criteria : 24 Devistion < 3 Humidity : 49.6000 %RH
Taping Terminal Phase Measuremsnt Z(2Phase) FaDeviation
Supply Short Voltage(W) Current(A)
HI1-H3 X1-X0 163.04 2037 20.04
14 H2-H1 H2-X0 163.56 2.037 50.29 0.51
H3-H2 X3-X0 165.61 2073 79.89
H1-H3 X1-X0 154.89 2,007 77.17
15 H2-H1 H2-X0 156.64 2.022 77.47 0.54
H3-H2 X3-X0 158.57 2058 77.05
H1-H3 X1-X0 14937 2006 74.46
16 H2-H1 X2-X0 150.86 2.019 74.72 0.54
H3-H2 X3-X0 152.06 2.046 74.32
HI-H3 X1-X0 144.13 2.007 71.81
17 H2-HI X2-X0 147.26 2.063 71.38 0.61
H3-H2 X3-X0 14444 2015 71.68
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" TESTREPORT ]
Insulation oil dielectric sirength test 244 C
Standard - IEC 60156 (1995) 388 %eRH
(Criteria - Arerage ol breadown = 60 KV
Location Test No 1 4 Average | Sudv s'x
Main Tank Sreakdonn (£V) 1.3 1 ) i i1y B4 o 4.4t i
OLTC 1 13 | &30 [ 144 | &2 T84 400 | oo
0l mioisture content 244 °C
Standard :  ASTM DI1533 58.8 %PH
Criteria - (il modsture content less than 10 ppm
Location Water in [ppm] Warer in [%:]
Main Tank 15814 0.0003
OLTC 6464 D.0004
Interfacial tension 244 C
Standard :  ASTM D971 588 %PH
Location Interfacial tension dymetm
Main Tank 33.000 = {
OLTC 31.000
B.Acid number 244 C
Standard :  ASTM D974 588 %FH
Lecatien Acid pumber
Main Tank 0.030
OLTC 0.020
6.0l color 24, C
Standard :  ASTM DI500 588 %FH
Criteria :  Notover 2
Locaton Oil Colour
Main Tank 1.300
OLTC 1.304
Nanagal Furanic
TEST REPORT
Serial No : I
Furanic conpound
Test tranformer Total Year use (year) Furanic
5 -

Remark :




Nanadgau Load history

101

Serial No:

TEST REPORT

Load history

Test tranformer

Si: Monthly Peak
load (MVA)

Sb : Rate Load of
transformer (MVA)

Si/Sb

1

25

50

Remark :
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DGA Evaluation . Recommendation
« The TDCG is in condition 1| As [EEE C.57.104-2008 )
- The consider that the transformer with normal operation | Mo fault ) , { as IEEE C.57.104 : 2004 , IEC 60589-2015 , Doernenberg ratio method and Rogers ratio methed |
Sampling interval : Annual
Dissalved Gas measurement analysis | ASTM D $812-02 | Reapprove 2017 , Method C |
Sampling Dote
Limit 2= [EEE CS57.
F:n....,.....;p PRm T-Tap-22
Hydrogen H2 =10 z
Carbon Dioside [°3 =250 7T
Acetylenc C2Hz =1 o
Ethylene C2Ha <501 )
Eﬁm: C2HE =1 0
Methane CHa L] i5
Carbon monoaide [55] =30 =0
TOCE [FLR E=ri w6
TDOG = Total Dissobsed Combustinke G35 (Hy, OO0, CH,, GH,, GH., GH) =
Instrument Detail
I Test Parameter i Instrisment Brand Madel I
| Dissaived gasin Ol Gas Chromastography Parkin Elrer 4087 |
Dizsolved key gas concentration limit | ppm ) , BEEE C57.104-2008
Companent gas.
Hydrogen
Tethane
Acetylene
Ethylene
Ethane 101180
Carbion mancxide 714400
Carbion Dioxide

Reported By Esit A N e e e e Approved By sy P i
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e P BB LAY 3 gy, g e s e o e PLL | STy Fa e
DGA Evaluation . Recommendation
= The TDCG is in condition 1 { As IEEE C.57.104-2008 )
« As Duval Triangle Technique was shown Normal Operation | N | of insulating oil
Sampling interval : Annual
Dissolved Gas measurement analysis ( ASTM D 361282 | Reapprove 2017, Method C )
) Sampiing Dae
e o = T 12
Hydrogen H2 100 42
Carhon Dicxids caz 2 Ties
Acatylens CZHZ <=1 o
Ethylans D =
Ethane CIHE B
Mathans Cha [
Carmon monaxide <o o
TDCG uLL 110
TOOG = Total Dissolved Combustible Gas (1;, OO, CH,, G
insirument Detait
[T TestParamaer | Instrumsat | Brand | |
Disctesd s n 08 Chranstogaghy I Fentin B
TOCG = Total Dissobved Combustble Gas. (B, C0, CHy, T, CiHy CHg)
TestParamoter T Tnstrumant 1 Brans T Moger
Dissciesd ga in 1 | ‘Gas Cheomancaraseiy | Parkin Eimar | <aer
A Criteria
Dissclved key gas concentration limit { ppm ) , IEEE ©57.104-2008
Companent gas. Condition 2
Hydrogen S 108-700 0 00 0o
Mathams 121400 0+-1000 0
em— 22 3
Ethylans sit0o a0
Ethana s6-100 . o
Carbon monoxide 351-570 ali]
Carton Dicxids 25014900 oo 19008
TDCG 721-1820 2 an 0
Reported By _— Approved By e B = = S
Hanagad Turn Ratio
TEST REPORT
Serial No - [ ]
2. Measurement of Voltage ratio and check of phase displacement
Standard : IEEE C57.12.90 Ambient Temp 266 °C
Criteria : Deviation not more than + 0.5% Humidity 591 %RH
T Tap Voltage HI-H3 /x1-x0 H2-HI /=2-x0 H3-H2 / x3-x0
a
P HV (KV) LV (&V) Ratio Ratiog,, %Dve. Ratiog,, %aDve. Ratioy,, %eDve.
1 126.5 231 9485 9.4668 -0.19 9.4667 -0.19 04668 -0.19
2 1251 231 9377 9.3608 -0.18 03606 -0.18 9.3605 -0.18
3 1236 231 9269 92551 -0.16 02546 -0.16 9.2547 -0.16
4 1222 231 9162 91493 -0.14 9.1487 -0.14 9.14%90 -0.14
5 1208 231 9.054 9.0435 -0.11 9.0428 -0.12 0.0432 012
6 1193 231 8946 8.9372 -0.10 8.9375 -0.10 89375 -0.10
7 1179 231 §.838 88318 -0.07 8.8317 -0.08 8.8318 -0.07
g8 1164 231 8731 87261 -0.05 87258 -0.05 8.7259 -0.05
9 1150 231 8623 8.6204 -0.03 8.6199 -0.03 8.6202 -0.03
10 1136 231 8515 8.5147 0.00 8.5143 -0.01 85145 -0.01
11 1121 231 8407 24086 0.02 84087 0.02 8.4088 0.02
12 110.7 231 §299 8.3029 0.04 8.3029 0.04 §.3031 0.04
13 1093 231 §.192 8.1973 0.07 8.1972 0.07 8.1974 0.07
14 1078 231 8.084 20916 010 8.0915 0.09 8.0916 0.10
15 106.4 231 7976 7.9859 0.12 7.9858 0.12 79859 0.12
16 1049 231 7.868 7.8802 0.15 7.8800 0.15 7.8801 0.15
17 103.5 231 7.760 77744 018 7.7743 0.18 77744 018
Vector Group : Dvn 1 HV-LV
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TEST REPORT
Senal Ne - _
3. Measurement of Winding Resistance
Standard : IEEE C57.12.90
Material : Copper
LV Winding Material - Copper
T HV Winding Resistance (Ohm) “:Deviation | Ave Winding Temp. Note
H1-H2 H2-H3 H3-HI (Max) (*C) '
1 0.63191 0.64373 0.65110 0.33
2 0.63754 0.63533 0.63675 0.35
3 0.62312 0.62083 0.62230 036
3 0.60873 060644 060793 038
5 0.59434 0.39203 0.59352 0.39
[ 0.57989 0.57756 0.57907 040
7 0.56546 0.56313 056463 041
3 0.53105 0.34360 055015 043
9 0.53569 0.53367 053463 038
10 0.55116 0.54910 0.55039 037 26.10
11 0.56571 056358 056488 038
12 0.53015 0.5T798 0.57930 037
13 059459 053243 0.59378 036
14 0.60883 060674 0 60509 033
15 0.62337 0.62119 0.62260 035
16 0.63776 0.63558 0.63693 0.34
17 0.65231 065013 065143 0.33
LV Winding Material - Copper Fasture
Asg. il Temperatuze - 37.30 Gy Temperature 73 c
Tap LV Windmg Resistance (mOhm) 2 aDeration Ave. Wmding Note.
xl -x2 x2-x3 %3 -xl (Max ) Temp. (*C)
231KV 16.9500 16515 16.985 0.41 26.10
Tap TV Winding Resistanee (mObm) Yaleviation. Az, Wnding MNote.
xlxl x2xl) x3-xl) (Max) Temp. (*C)
RN 4937 24527 E4EI8 04E 2610
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TEST REPORT

Serial No

Standard

Criteria :

4. Measurement of Insulation Resistance

IEEE C.57.12.90

21000 MQ at lmin . PI=1.5

If the 1 min insulation resistance 1s above 5 GQ) | the calculated PI may not be meaningful

Ambient Temp 26.7 °C
Humidity 592 %RH
Top. 01l Temp. : 26.5 °C Corrected at 20 °C
Test Voltage 1 min 10 min 1 min 10 min PI
Terminals
(VDC) MQ) (MO) (M) MQ)
5000 HV-LV 20500 50400 32267 79330 246
5000 HV - LV+CT+Tank(G) 30800 42700 48479 67210 1.39
5000 LV - HV+CT+Tank(G) 18500 34800 29119 54775 1.88
4.1. Measurement of Core-Grounding Insulation Resistance
Criteria : = 500 MO at 1min
Top. Oil Temp. : 26.5 oL Corrected at 20 °C
Test Voltage Terminals 1 min :
(VDC) 10) 1 min ( M)
2500 Core - Clamp + Tank(G) 1460 2298
2500 Clamp - Core + Tank(G) 826 1300
Hanadgad Power factor
TEST REPORT
Serial No <
*6. Measurement of Dissipation Factor(tan 8) and Capacitance
Standard : IEE (C57.12.90 Ambient Temp : 258 N §C Humidity 62.0 %RH
Criteria : D% at 20°C <0.5% Tnsulation Temp 26.1 (W3 Temp. Correction : 1.1425
Function Urms Ieff Test Real DF % DF % _
Power Cap.
Mode Parameter |Energized Ground Guard V) (mA) @10kV (tan &) (tan &) Note
W) |ar26.1°C| @20°C (@F)
Gstg B CH+CHL HV LV+Tank - 10.0 31.010 0.57298 0.18 0.16 9387
Gstg A&B CH HV Tank v 10.0 10.060 0.24226 0.24 0.21 3.202
UST A CHL HV LV Tank 10.0 20.950 0.31294 015 0.13 6.669
Gstg B CL~+CHL Lv LV+Tank - 10.0 62.790 1.2900 0.20 0.18 19.98
Gstg A&B CL Lv Tank HV 10.0 41.830 09813 023 021 1332
* 6.1 Measurement of Dissipation Factor and Capacitor For Bushing
Standard : IEE C57.12.90 Ambient Temp : 2590 -°C Humidity 62.0 %RH
Criteria : DF% at 20°C <0.5% Insulation Temp 26.1 e Temp. Correction : 0.9205
Function |Parameter|Energize |Ground Guard U rms eff Test | Real DF % DF % Cap. Bushing
Mode Phase |d (V) (mA) 1:;;\011\. (tan &) (tan 5) Serial No.
(mW) |at26.1 °C| @20°C (pF)
UST A C1/H1 HV Test tap Tank 10.0 0.6311 27.35 0.43 047 200.8 1ZSCT270
Gstz A&B | C2/HI | Testtap Tank HV 0.5 0.10820 | 4036 0.19 0.20 6878 |0612/06
UST A C1/H2 HV Test tap Tank 10.0 0.6312 27.03 043 046 200.8 1ZSCT270
Gstg AKB | C2/H2 | Testtap | Tank HV 0.5 010730 | 36.14 017 018 6825 061205
UST A C1/H3 HV Test tap Tank 10.0 0.6302 27.34 0.43 047 200.5 1ZSCT270
Gstg A&B | C2/H3 | Testtap Tank HV 0.5 0.10830 47.53 022 024 687.6 |0012/04
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201. Mensurement of Single Phise Leakage bmy 3
Standued - EEE =L Advbient Temp: 262000 *C
Criseria *alleviation Humidity : 495000 *aR#
Topang Termmal P Melessurement 2L PMhase) 8ol eintion
Supply Shan Wohage W) Ul Aj
HI-H3 X1-X0 254 600 2007
1 HE-HI 32-X0 25421 1558 087
Hi-H2 X3-X0
X1-X0
a XN1.X0 i
Hi-H2 3350
HI-H3 AR
] H2-HI | N2-X0 LT
Hi-H2 | s
HI-H3 Xh-X0
- HE-HI | M2XD 0.
1 Hi-H2 | X350
1 HI-H3 | Xi-x
3 | HI-HI | X2 X0 174
Hi-H2 | 33-X0
H3 [ X
& Hi | X350 012
| £3H2 1 H3-X0
| IR AP\ XA
HI-HI M0 il
| HI-H2 pER ]
HLHS AR
] N e 1% a2
19524
LY 1 B B\
4 1 | X2-X0 19542 i
| X3K0 191 5% |
‘ XLX0 1804 ]
1 | | X2-X0 189,52 1 s
i3-H2 M3X0 18545 |
HIHE | il 1779 |
1 I HE-HI | X2.X0 181.41 j, o
{ H3-H2 | R 18612
| Hi-H3 | b AR 17933
12 1 HZ-HI | X310 17452 204 s
| 335000 175,10 |
| X1X0 6742 |
13 HZ-HI | X2-X0 16743 £3.52 s

Serial No :

TEST REPORT

20.1. Measurement of Single Phase L eakage Impedance (Continue)

Standard IEEE C57.12.90 Ambient Temp : 26.2000 °C
Criteria : “aDeviation < 3 Humidiry : 49..5 %RE
Taping Terminal Phass Measuremant Z(2Phase) TaDeviation
Supply Short Voltage (V) Current{A)
HI1-H3 X1-X0 163.02 2.035 50.11
14 EH2-H1 X2-X0 163.54 2.035 20.36 051
H3-H? H3-J0 165.50 2071 79 06
HI1-H3 X1-X0 154.87 2.005 77.24
15 H2-H1 X2-X0 156.62 2.020 77.53 052
H3-H2 X330 158.55 2.056 77.12
HI1-H3 K1-X0 14935 2.004 74.53
16 H2-H1 K2-X0 150.84 2.017 74.78 054
H3-H? K3-X0 152.04 2.044 7438
HI1-H3 X1-X0 144.11 2.005 7188
17 H2-HI X2-X0 147.24 2.061 7144 0.61
H3-H2 X330 144 42 2013 71.74
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Insulation oil dielectric strength test 244 °C
Stmdard . IEC 60156 (1995) 388 %RH
Criteria - Average oil breadovwn = 60 kV
Location Test No 1 2 3 4 3 [ Average | Sidv. | sx
757 3. X ] | 1
Mam Tank Breskdorm (V) 893 [ 911 57 | 964 | 9316 | 1001 91.0 009 [ o.06
OLTC 964 | 339 | 324 | 827 | 919 | 841 6.9 0.07 [ 0.08
0il moisture content M4 °C
Standard :  ASTM D1533 58.8 %R
Criteria (1l moisture comtent less than 10 ppm
Location Water m [ppm] Water in [%a]
Mam Tank 3.060 0.0003
QOLTC 6230 0.0006
Interfacial tension M4 °’C
Standard :  ASTM D971 588 “RH
Location Interfacial tension dyne'em
Mam Tank 35.000
OLTC 33.000
Acid number 244 "C
Standard :  ASTM D974 588 “RH
Location Acid mumber
Mam Tank 0.030
OLTC 0.020
6.0il color 244 C
Standard - ASTM D1500 SBE “%BH
Criteria: Notever 2
Location Ol Colour
Mam Tank 1.500
OLTC 1.300
Nanagal Furanic
TEST REPORT
Serial No : [T
Furanic conpound
Total Year use (year .
Test tranformer (year) Furanic
2 7 -
Remark :
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Remark :

TEST REPORT
Serial No : I
Load history
Test tranformer | Si: Monthly Peak | Sb: Rate Load of Si/Sb
2 35 50 0.7
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DGA Evaluation . Recommendation

= The TDCG is in condition 1 | As IEEE C.57.104-2008 )

= The consider that the transformer with nonmal operation | No fault ) , [ as [EEE C.57.104 - 2008 , |[EC §0539-2015 , Doernenberg ratio method and Rogers ratio method )

Zampling interval : Annual

Dissolved Gas measurement analysis | ASTM D 3612.02 | Reapprove 2017 , Mathed C )
Sampling Date

Companant gas pom ! 10-5ep-23

Hydeegen H2 0

Carban Déoxide coz ==2500 3300

Acatyleng G2HZ <=1 09

|Ethytens cane ==50 50

Ethana C2HE = 32

Mathane CH4 <=0, 1z

Carban menoxide 3] =350 728

TOGG uLiL =720 5T

TDCG = Total Dissohvet Combustioie Gas (H,, 00, CH,, CH,, GHy, CHY

Insirment Detail
| Test Parametar I Instrument I ‘Brand | I
|D.s=c|.m gas in O I Feriin Elmar ] ]

Dissolved kay gas comcentration limit [ ppm ) . IEEE C57.104:3008

[Componant gas

Hydrogen
Matharse
Acobylena
Ethylene

Ethana

Carben menoxide
GCarben Dloxide

Reported By =@ = =l o i BN T T Approved By
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T A W ko)
- DGA Evaluation , Recommendation - ]
- The TDCG is in condition 1 ( As IEEE C.57.104-2008 }
+ As Duval Triangle Technique was shown Normal Operation ( N ) of insulating oil.
Sampling interval : Annual
Dissalved Gas measurement analysis | ASTM D 3612-02 | Reapprove 2017 . Method © |
Tampling Dats
r—= T Limit as IEEE C57.104 105053
Hydrogen H2 ==100 28
Carbon Déoxide coz 3541
Acetylene caHz 06
Exhyions G z &=
Ehann Cane T8
Methane CHa =120, m
Carbon monoxide €0 «=350 543
TDCG ulL ==T20 224
TDCG = Total Dissoived Combustible Gas [Hy, 00, CHa, Cia, T4, CiHg)
Test Parameter, | Instrument [ Brand | Model |
et gas in OF | Gars Chromatogrgihy | Perkin Ekner I 4087 |
Tt Dizecived Combusible s (R, €0, Crie, e G T
Test Parametar I Instrument I Brand I Model
Dizsahved gas in O ‘Gaxs Chromatography Perhin Elmer 0BT
Criteria
Dissolved key gas concentration limit | ppm ) , IEEE C57.104-2008
Companent gas. s Candition 2
Hydrogen 3 107-T00 5 0 B0
Methane 121-400 000
Acetylene 7 28 o
Ethylene 53-100
Elh:ne M 66-100
Carbon monoxide 350, B51-570 )
Carbon Dioxide 23014000 “ 0000 0
TDCG 7211620 x
Reported By T TR . Approved By e T4 g
WHanagad Turn Ratio
TEST REPORT
Senal¥o. T p—
2. Measurement of Voltage ratio and check of phase displacement
Standard : IEEE C57.12.90 Ambient Temp : 23y °C
Criteria : Deviation not more than + 0.5% Humidity 526 %RH
T Tap Voltage Hi-H3 /x1-x0 H2-H1 / x2-x0 H3-H2 /x3-x0
ap - - - d -
HY (V) LV (V) Ratio Ratioy,, %aDve. Ratiog,, 249Dve. Ratioy,, 2eDve.
1 136.5 231 9485 94669 -0.19 9.4669 -0.19 94671 -0.19
2 125.1 231 9377 93612 -0.17 93611 -0.17 93610 017
3 1236 231 9269 92555 -0.15 02553 -0.15 025355 015
4 1222 231 9.162 91498 -0.13 9.1494 -0.13 91497 013
5 1208 231 9.054 90440 -0.11 00438 -0.11 90439 011
6 1193 231 8946 80381 -0.09 80381 -0.09 80382 -0.09
7 1179 231 8.838 8.8323 -0.07 8.8320 -0.07 88323 -0.07
g 1164 231 8731 8.7266 -0.05 £.7263 -0.05 8.7266 -0.05
9 1150 231 8.623 8.6208 -0.02 8.6206 -0.03 86207 002
10 1136 231 8515 8.5151 0.00 85149 0.00 85150 0.00
11 1121 231 8407 8.4092 0.02 8.4093 0.02 84095 0.03
12 110.7 231 8.299 8.3037 0.05 8.3034 0.05 83036 0.05
13 1003 231 8192 8.1979 0.08 81973 0.07 8.1979 0.08
14 107.8 231 8.084 8.0921 0.10 8.0921 0.10 80921 0.10
15 106.4 231 7.976 7.9865 0.13 7.9861 0.13 7.9863 013
16 1049 231 7868 7.8807 0.16 7.8806 0.16 78807 0.16
17 1035 231 7.760 7.7749 0.19 7.7749 0.19 7.7751 0.19
Vector Group : Dyn 1 HV-LV
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TEST REFORT
Serial Mo - —
3. Measurement of Winding : Resistance
Standard - IEEE C57.12.00
Miaterial : Copper
Ave. 0l Temperanme 28,55 C
Beference Temperaturs : 5 =C
— s H Wﬁm.dmf{liﬁs;;ame (O = %D{G:_:d\:m Average Winding Resistance (Clm)
{28.55°C) ({28.55°C) [(2B.55°C) i {28.55°C) [(75°C)
1 0.56396 066389 0.66442 0.08 0.46409 0.78113
2 054945 064810 0.64085 0.09 0.54953 0.76401
3 0.63484 063468 0.63531 0.10 0.43494 0.74685
4 0.42032 0.62002 0.62076 al2 0.62037 0.72870
5 040562 060544 0.606135 0.12 0.60576 0.71252
] 053100 0.59151 0.14 0.59107 0.60324
7 057630 057687 0.14 057644 067804
] 0.36173 0.56224 1.74 056180 066082
o 0.54820 0.34651 006 0.53630 064258
10 0.56185 0.56238 011 0.56200 066105
11 0.57649 037698 0.10 0.57663 067826
12 059112 050159 0.10 059123 060543
13 060576 0.60623 0.10 0.80587 0.71265
14 0.62025 Q62067 Q.10 0.42033 0.72066
15 0.63430 0.63530 0.09 063498 0.74680
16 054943 064055 0.08 064953 0.76401
17 0.66410 0.66453 0.08 0.66421 0.78127
L% Winding Material : Coppar =
Avg Ofl TemperanTe : 855 =C Reference Temperanue - N@
e %pDieviation Average Winding Resistance (mOhm)
Tap Pas. xl -x2 2 -x3 x3-xl Mz
{2855°C) (28.55°C) [2B.557C) (2855°C) (75°C)
17.103 17.073 17.161 051 17.113 20.128
‘!I' T .- r Bea H ~ \
Tap Pos. 1x0 e 1&? e 3ol %D{;:;m Average Winding Resistance (mObu)
(28.553C) (28.355°C) (2855°C) : (28.55°C) {75 °C)
35TH B.5312 5.5732 049 35503 10,0678
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TEST REFPORT
Serial No :
4. Measurement of Insulation Resistance
. IEEE C.57.12.90 . s
Standard - Ambient Temp. : 281 °C
Criteria : = 1000 M£ at lmin , PI= 1.5 Humidity : 56 “%RH
If the 1 min insulation resistance is above 5 GO | the calculated PI may not be
meaningful
Ave 0il Temperanre. : 78 =C Corr. t 20 *C
Test Voltage Terminals tmin | 2min | 3min | 4mn [ Sooin | 6min | 7min | Swin [ e [ 10mm | 1w [ 10mm | B
VD) - - - -
(G0 (GO
5000 HV-LV 1835 358 31.7 3632 380 412 451 S04 3335 B2.7 168
5000 - LV+CT-+Tank{G) 332 360 392 410 423 2 454 479 483 571 B34 146
5000 LV - HV=CT-TankiG) 155 | 206 | 241 | 267 | 289 | 3009 | 322 | 346 | 350 | 378 | 266 65.0 244
4.1. Measurement of Core-Grounding Insulation Resistance
Criteria : =500 M at 1nmin
Avg. Oil Temperatue. : 278 °C Cour. a1 20 °C
Test Volaze Temminals lmin
{VDC) (G0
2500 Core - Clamp + Tauk(G) 0.92
2300 Clamp - Core + TankiG) [T}
Wanagau Power factor
TEST REPORT
Serial No :
*7. Measurement of Dissipation Factor(tan &) and Capacitance
279 ) Humudity 34.0 %RH
Standard : IEE C57.12.90 Ambrent Temp - | S
Ance - 28.55 W Temp. Correction : 1.208
Criteria - DF% at 20°C = 0.5% Insulation Temp :
Real Power DF % i a
Function Mode| Parameter Energized Ground Guard Urms (V) | Ieff Test (mA) @10V (tan &) at 2 - o P Note
: Sg 550 (tan &) (@20°C (2F)
Wy 28.55°C
Gstz B CH+CHL HV I V+Tank - 100 31300 0.57949 0.19 0.15
Gstg ASB CH HV Tank LV 10.0 10.010 023782 0.24 0.20
USTA CHL HV v Tank 10.0 21.300 0.33531 0.16 013
GstzB CL+CHL LV LV+Tank - 10.0 65.270 1.3500 021 0.17
Gstg A&B CL LV Tank HV 10.0 43.960 1.0400 0.24 0.20 1398
* 7.1 Measurement of Dissipation Factor and Capacitor For Bushing
» 2790 °C Humdity - 540 %RH
Standard - IEE 57.12.90 Ambient Temp ? ’
. I . 2855 °C Temp. Correction 09111
Criteria : DF% at 20°C =0.5% Insulation Temp : P
i X Feal Power DF % o . .
Function Mode| T ® | £ ived | Ground Guard | Umms (V) |leffTestmay| @1oev (tan 3) at DE®% Cap. Bushing
hase (tam 5) @20°C (pF) Senial No_
(mW) 2855°C :
“T2.
USTA C1/H1 HV Test tap Tank 10.0 0.6419 27.39 043 0.31 2039 1028?121‘704'?
*T2.
USTA Cl/H2 HV Test tap Tank 10.0 0.6452 2838 044 048 2045 1zsC I‘_JO
08437/03
“T2.
USTA C1/H3 HV Test tap Tank 10.0 0.6414 27.45 043 0.47 2039 1;?‘21‘630
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Scriad Mo ]
. Miensurement of Single Phase Lea Lmi £
IEEE L1 srnbsient Temg @ 26, TOO L
Salleviation Humiding : S0L1000 %RH
Toping Termimal Phase Mleasirement F) Phass) salevimiion
Suppdy Shaort Wohage{\) Lo A
HI-H3 X1-X0 254 =10 200
1 HI-HI X2I-X0 25441 2l u
H3-H2 X3-X0 15333 200 12817
HI-H3 X1-X0 247103 2018 122.41
2 HZI-HI XI1-X0 24012 205 12288 ).
43-H2 X500
HI-H3 X1-X0
3 HZI-HI X1-X0 LT
43-HX } 5300
HI-H3 4 Xi1-X0
4 X1-X0 0.7
300
| W21
El | 1 20 174
1 H3-H2 1 25-X0
T
Hl-H3 | A2
[ HI-HI | X21-Xd 071
| ]
H3-H2 | 33-M0
Hi1-H3 XX
. . — — —
) 1 HI-HI 300 0
HE-H2 30
Ei-H3 H1-X0
L r HEHI 1 B0 1%
H3I-H2 | 350
j F1-H35 X1-X0
G HYHI X 1T
| Hi-H2 AN
1
i X1.X0
§ ¥ y
8] X0 142
| L ax
1 A ]
I ()
| 1
f y
12 \ 142
1 Hi-H2 |
|
' HI-H3
T 4
(K] HIHI RN 158
| 312 33

Serial No :

TEST REPORT

20.1. Measurement of Single Phase Leakage Impedance (Continue)

Standard IEEE €57.12.00 Ambian: Temp : 26.7000 °C
Criteria : 2sDeviation < 3 Humidity : 50.1000 %RH
Taping Terminal Phase Measurement Z(QPhase) %aDeeviation
Supply Short Woltagze(W) Current{A)
H1-H3 K1-X0 162.92 2.038 79.94
14 H2-H1 H2-X0 163.44 2.033 50.20 0.51
H3-H2 X3-X0 2.074 79.79
H1-H3 H1-X0 2.008 77.08
15 H2-H1 H2-X0 2.023 77.37 034
H3-H2 X3-X0 2.059 76.95
H1-H3 H1-X0 2.007 74.36
16 H1-H1 X2-X0 2020 74.62 0.54
H3-H2 H3-X0 2.047 74.23
HI-H3 H1-X0 2.008 71.72
17 H2-H1 K2-X0 2064 71.28 0.60
H3-H2 X3-X0 2.016 71.50
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TEST REFORT
#5. Insulation oil dieleciric sirength test Ambient Temp. : 246 °C
Standard - IEC 60156 (1995) Humidity : 69.5 %ERH
Criteria - Average oil breadown = 60 EV
Location Test Mo 1 2 3 4 3 § Average | Spdv 5%
Mam Tank Breakdowa (K1) 400 | 320 | 530 | 510 | 340 | s30 | s20 | 688 | 000
QLTC 610 | &80 | 640 00 | 63.0 66.0 65.3 i6 0.4
0il moisture content 248 °C
Standard ASTM D1533 69.5 %RH
Critaria : il maismre content less than 10 ppm
Location Water in [ppm] | Waterin :’ai
Main Tank 14.900 0.00035
OLTC 13.200 0.0008
Interfacial tension 46 °C
Standard ASTM D571 69.5 %RH
Location Interfacial tension dyne'tm
Mam Tank 30.000
OLTC 29.000
Acid number ’ (BWE \ 46 C
Standard ASTM D974 695 %RH
Location Acid purnber
Maimn Tank 0.120
OLTC 0.090
0il eolor 246 C
Standard ASTM D1500 69.5 %RH
Criteria =  Not over 2
Lacation 10il Celaur
Main Tank 3.000
OLTC 2000

WNanaaail Furanic

TEST REPORT

Serial No :

Furanic conpound

Test tranformer

Total Year use (year) Furanic

3

17 -

Remark :
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Serial No :

TEST REPORT

Load history

Remark :

Test tranformer

Si : Monthly Peak | Sb: Rate Load of

Si/Sb

3

40

50

0.8
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S, e

e

S—

-
B =i B -
gk A R

e

- B ile LT

= The TG is in condition 1 { As IEEE € 57.104-2008 )
- The cansider that the transfarmer with normal operation ( No fault ), { as IEEE C.57.104 - 2008 , IEC 60588-2015 , Doermenbeng ratio method and Rogers ratic method |

Sampling imterval : Annual
Disscived Gas measurement analysis | ASTM D 361202 | Reapprove 2017 . Method C |
“Samphing Dats
Limit as IEEE C57.104

Companar gas 2 L 10-Dec-22
Hydrogen Hz =100 181
Carban Dicwide coz =T 5
Botylens o =1 )
|En\dm =] ==50 ()
tnunn C2HE = &7
Matrana THa ==
Carbon monaide ©O 50 =3
Toce WL =m F=7)
TICE: = Total Ofiéeivee] Combslioh Gas [Hy, 00, CHa. G5, CHly Cabd
Mnstrumant Datail

Test Parametar | Tnstrument Bramd ] Mol
Dissoived gas in O Gas Crromalngrapy Poruin Elmer || 407
Dissalved kay gas concentration linit | peen |, IEEE C57. 1042008
Companent pas Condition £
Hydragen K 101700 B 0
Muthara 1 121400 D
ootk 1 28 "
Ethylens 51100 04200
Ethane &40 50
Carbon monaride ? i ‘. 381570 5714 90
Carban Diskide 2014000 00 : 0

~ o1t "

Reported Sy

e LAl Ll B L St PITERA

Appraved By iy AL e e
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T
- . ] -
o Al gl L T
R S e 2 1w i wmlld i ]
- The TDCG is in condition 1 { As IEEE C.57.104-2008 )
» As Duval Triangle Technique was shown Normal Operation | N ) of insulating oil
Samaling interval : Annual
Dissolved Gas measurement analysis | ASTM D 361207 | Reapprove 2017 Mothad C |
s Eampling Date
Y om Limit as IEEE C57. T0De22
Fydragen [0 100 z
Carbon Diaxids caz a2
Acetylens C2HZ []
Einyiune. cans g
Emans Cae T
Mathame CH4 z
Carmon mancxiae ©o D
Toce o 20
TOCG = Total Dissolved Combustible Gas (W, 00, 4, G
instrument Datail
Test Paramater [ Instrumant [ Brand ‘Medal ]
(Dissotvad gas in OF romatgraghy | Forvin Elmer 2087
TOCG = Total Dessobved Combustible Gas (M), CD, CH, CH,, CH, CH.)
Test Paramater I T Brang T Model
[Disscived gas in 01 L Gas Chomatograniy J Perkin Elmer a7
Criteria
Dissaslved key §as conesntration limit { ppm ), IEEE C57 104-2008
Compenant gas. Conditien 2
Hydrogen O 104-700 0 o0 00
Mathans y 121400 b 1008 an
Acetylens 28 a5
Etmylane N st-ioa a0
e AT . :
Carmon manaxige 351570 a0
Carhon Diaxids 25014000 a1 10000 oooo
roca 7211920 2214830 0
Reparied By PEE | e rEsT Appraved By TV T A ST
Hanagay DGA Ratio
TEST REPORT
Sealvo:
2. Measurement of Voltage ratio and check of phase displacement
Standard : IEEE C57.12.90 Ambient Temp : 288 °C
Criteria : Deviation not more than + 0.5% Humudity : 70.7  %RH
T Tap Voltage H1-H3 /x1-x0 H2-H1 /x2-x0 H3-H2 /x3-x0
ap e E = r - -
HV (V) LV (kV) Ratio Ratioy,, %%Dne. Ratiog,, %Dve. Ratiog,, %Dve.
1 1265 231 9485 9 4675 -0.19 9 4667 -0.19 94671 019
2 1251 23.1 9377 93617 -0.17 93612 -0.17 9.3615 017
3 1236 231 9269 92558 -0.15 92554 -0.15 9.2558 015
4 1222 231 9.162 9.1502 -0.13 9.1495 -0.13 9.1500 -0.13
5 1208 231 9.054 9.0440 -0.11 0.0435 -0.11 9.0442 011
3] 1193 231 8946 8.9383 -0.09 89350 -0.09 39384 -0.09
7 1179 211 8838 2.8326 -0.06 88322 -0.07 8.8325 -0.07
8 1164 231 8.731 8.7270 -0.04 8.7264 -0.03 8.7267 -0.04
9 1150 231 8.623 8.6212 -0.02 86208 -0.02 8.6208 -0.02
10 1136 231 8513 85154 0.00 85148 0.00 8.5153 0.00
11 1121 231 8407 8.4094 0.03 84092 0.02 84096 0.03
12 110.7 231 8299 23037 0.05 83035 0.05 83038 005
13 1093 231 8.192 8.1982 0.08 8.1977 0.07 8.1980 0.08
14 107.8 231 8.084 8.0925 0.11 20019 0.10 8.0024 011
15 106.4 231 7.976 79566 0.13 7.9852 0.11 7.9865 013
16 104.9 211 7.868 7.8808 0.16 7.8804 0.15 7.8808 0.16
17 103.5 231 7.760 7.7752 0.19 77748 0.18 77750 019
Vector Group : Dvn 1 HV-LV
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TEST REFORT
Senal No -
3. Measurement of Winding Resistance
Standard : IEEE C57.12.00
Material : Comper
LV Winding Material : Copper
Tap HV Windmg Resistance (Ohm) % eDaviation Ave Wnding Mote
HI -H2? H2-H3 H3 -HI1 (Max) Temp. (*C) T
1 0.66010 0.66051 066022 0.08
2 0.64573 0.64604 0.64577 005
3 0.63120 0.63149 063122 0.05
4 0.61677 0.61695 061678 0.03
5 0.60216 0.60233 0.60216 0.03
3 058754 058775 058759 0.04
7 0.57302 057317 0.57298 0.03
8 0.55544 0.55865 035846 004
9 034784 0.54347 0540758 0.50
10 0 55855 0.55913 0.35867 0.10 21860
11 0.57119 0.57371 0.57330 0.44
12 {38789 0.38827 058794 0.06
13 0.60245 0.60285 060254 0.07
14 061679 0.61729 061697 0.08
15 063148 0.63196 0.63159 0.08
16 0.64603 0.64644 064614 0.06
17 066065 0.66100 0.65080 0.08
T LV Windmg Resistancs (mhm) SaDeriation Avg Winding Hote
xl -x? =2 -x3 x3 -xl (Maz) Tewp. {*C) A
131KV 169560 16979 16.933 0.1s
28.60
T TV Wmnding Resistanee (mOhm) " Deviation Ave Wnding Note
xl-x0 ‘ x2-x0 x3x0 (Max) Temp. {*C) T
2316V 84651 ' 24917 £.5053 0.47
21560
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TEST REFORT

Serial No : . -_

4. Measurement of Insulation Resistance

. IEEE C57.12.90 _ -
Standard : Ambient Temp : 252 °C
Criteria : = 1000 M2 at lmun , PI= 1.5 Humidity : 79.5 %RH
If the 1 mun insulation resistance is above 5 GO . the calculated PI may not be
meaningful
Top. Oil Temp. : 189 C Corr. 5t 20 °C
Test v,\[:[]‘;e Terminals Imin | 2min | 3min | 4min | Smin | Gmin | Tmin | Smin | Smin | 10min | lmin | 10mm | B
: (VDC)
(G (Gn)
5000 HV -LV 168 | 21.1 242 | 2658 ol 311 314 EER:] 34z 59 511 66.3 114
5000 HV - LV+CT+Tank(G) 16.7 19.3 233 242 253 278 288 201 303 309 6.1 LEl
5000 LV - HV+CT+Tank(G) 18.6 129 235 254 69| 2TH ) 381 286 93 04 3435 363 1.63
4.1 Measurement of Core-Grounding Insulation Resistance
Crteria : = S00MQ at lmin
Top. Ol Temp. : 289 °C Corr. at 20 °C
Tast Voltage Terthinals 1 min 1min
(VDC) le JLeny]
2500 Care - Clamp + Tank(G) 0:78 099
2500 Clamp - Core = Tank(G) 0.6% 0TS 4
WHana&gau Power factor
TEST REPORT
Serial No :
*7. Measurement of Dissipation Factor(tan é) and Capacitance
Standard - IEEE C.57.12.90 Ambient Temp : 29.1 =€ Humdity -+ ©757.0 %RH
Criteria - DE% at 20°C.< 0.5% Insulation Temp : 282  =°C Temp. Correction 1.1960
Function U ms Ieff Test Real DF % DF %
Mode Parameter | Fnergized | Ground Guard kV) (mA) Power (tan 8) (tan 3) Cap Note
@L0KV
W) at282°C @20°C (nF)
Gstg B CH+CHL HV LV-Tank - 10.0 30.900 0.54992 0.18 0.15 983
Gstg AXB CH HV Tank LV 10.0 0996 0.25056 025 021 3.180
USTA CHL HV v Tank 100 20.900 0.28830 0.14 0.12 6.648
Gstg B CL+CHL LV LV+Tank - 10.0 62770 1.1200 0.18 0.15 1998
Gstg AZB CL LV Tank HV 100 41890 0.8481 02 0.17 1333
* 7.1 Measurement of Dissipation Factor and Capacitor For Bushing
Standard - IEEE C.57.12.90 Ambient Temp : 29.10 °C Hunudity : 570 %RH
Criteria - DF% at 20 °C < 0.5% Insulation Temp - 282 *°C Temp. Correction 0.9270
Functien Parameter/ y § U rms Ieff Test | Real Power DF % DF % Bushing
Mode Phase | Cieieized | Ground Guard &) (mA) @LOKV (tan ) (tan 5) Cap. Serial No.
(mW) at282°C | @20°C (®F)
USTA C1/HI1 HV Test tap Tank 10.0 0.6434 2034 046 0.50 204.7 1ZSCT2400
Gstg A&B C2H1 Test tap Tank HV 05 0.10770 66.90 0.31 034 685.7 2360101
USTA C1/H2 HV Test tap Tank 10.0 0.6431 3023 047 0.51 204.6 1ZSCT2400
Gstg A&B C2H2 Test tap Tank HV 05 0.10450 4703 022 025 665.0 2360102
USTA C1/H3 HV Test tap Tank 10.0 0.6433 3004 047 0.51 204.6 1ZSCT2400
Gstg AKB C2/H3 Test tap Tank HV 0.5 0.11120 76.03 0.34 037 707.4 8360103
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TEST REPORT
Sierial Mo ]
211 Mbeasurcment of Single Phase Leakape bmy 3
Stardord : Sunbsient Temg : 26,6000 L
Crmera Hharmicday - 45 50000 Tl H
Toping Termimal Phase Belessurement 2LV Mhase) i Dvintion
Suppdy Short Wohagei V) Cuemen] A
HI-H3 X1-X0 24450 2012
1 H2-HI X2.X0 24449 2005 0F
HE-H2 X5-300 24344
HI-H3 X1-X0
2 H2-HI M2.X0 LEL
HE-H2 530
HI-H3 X1-X0
3 H2-HI ] 3330 2018 LT
[TENE] ] H3x0 24005
HI-H3 X1-X0 20
4 H2HI | 230 2019 012
| H3-H2 i X3-N0 20
1 M1y L X e 2 ki
4 | H2-HI | X250 pRET ] 174
HE-H2 1 X3-X0 222400 )
Hi-H | 130 3450 106651
L H2HL . X0 LT 207 10,42 072
i H3-H2 X3-300
LS _HPEVN ~ 97\ X0,
| H2-HI 33-X0 !
| H3-H2 1 A5-00
T T -
] i HE2 32-X0 !
‘ HEH2 30
T TN
4 1 H2-HI ] V] LTt
HE-H2 ! pER V]
Hi-H3 H1-X0 15699 203 41
1] | HE.HI AN 15942 200 il Uil
H3-H2 R 18519 2014 Gz
| HI-H3 \ X0 180 0% 3 0 a5 14
1 : 2 | 32500 18171 20052 AL L3
: 11 H2 | H5-X0 42 EH1
| Hi-H3Y 1 10 17443 o]
L2 1 H2HL 2250 e
| HEH2 L ER U] JUER}
| HiI-H3 X1-X0 L]
13 HE-HI ] 331X s Ol 144
HE-H2 | RER ] 2042
TEST REPORT
Serial No : _
20.1. Measurement of Single Phase Leakage Impedance {Continue)
Standard : IEEE C57.12.90 Ambient Temp - 26.6000 °C
Criteria %Deviation < 3 Humidity : 49.9000  %REH
Taping Terminal Phase Measurement Z(€/Phase) YaDeviation
Supply Short Voltage(V) Current(A)
HI-H3 X1-X0 163.32 2040 20.06
14 H2-H1 X2-X0 163.84 2.040 8031 0.51
H3-H2 X3-X0 165.89 2076 79.91
HI-H3 ¥1-X0 155.17 2.010 77.20
15 H2-H1 X2-X0 156.92 2025 77.49 0.54
HI-HD ¥3-X0 15885 2061 77.07
HI-H3 X1-X0 149.65 2 74.49
16 H2-H1 X2-X0 151.14 2022 74.75 0.54
H3-H2 X3-X0 15234 2049 74.35
HI-H3 ¥1-X0 14441 2010 71.85
17 H2-HI X2-X0 147.54 2.066 71.41 0.61
H3-H2 3-X0 144.72 2018 71.71
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*3. Insulation oil dielectric strength test Ambient Temp : 352 =C
Standard - LEC 60136 (1993) Hundity : %RH
Critesia - Average o1l breadovn = 70 kEV
Location Test No 1 2 3 4 5 6 Average Sadv. %3
Main Tank . 710 | 700 6RO 65.0 610 T30 GB.0 334 0.04
Breakdown (&V7) -
OLTC 713 | g0 | 757 | me3 | 777 | 21 718 73 | ooe
0il moisture content 252 °C
Standard : ASTM D13533 79.5 “RH
Criteria - 01l moisture content less than 10 ppm
Location Water in [ppm] TWater in [%]
Main Tank 15.000 0.0015
OLTC 5000 0.0008
Interfacial tension 252 C
Standard : ASTM D971 79.5 “uRH
Location Interfacial tension dyne cm
Main Tank 31.000
OLTIC 34.000
Acid number 252 °C
Standard :  ASTM D974 79.5 “RH
Location Acid number
Main Tank 0.016
OLTC 0012
0il eolor 252 “C
Standard :  ASTM D1300 78.5 “uRH
Critenia : Mot orer 2
Location 0l Colour
Main Tank 1.300
OLTC 1.200
Nanadgal Furanic
TEST REPORT
Serial No : i
Furanic conpound
N Total Year use (year .
Test tranformer (year) Furanic

4

10

Remark :
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TEST REPORT

Serial No :

Load history

Test tranformer

Si : Monthly Peak

Sb : Rate Load of

Si/Sb

4

20

50

0.4

Remark :
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DGA Evaluation , Recommendation

= The TDCG is in condition 1 ( As IEEE C.57.104-2008 )

= The consider that the transformer with normal operation | No fault } . { as IEEE C.57.104 : 2008 , [EC 80589-2015 , Doernenbery ratio method and Rogers ratio method |

Sampding interval : Annual

[ Disscivod Gas meassrement analysis | ASTM D 3612-02 | Reapprove 2017, Mathed G |
‘Sampling Date.

e — Limit ag IEEE C57.404 TE

Hydrogen HE =100 130

Carben Dicxide ©02 ==2500 700

Acotylens CIHZ == Bl

Ethylane ) ==50 Fi3

Eihane C2HE = T

Mothans. THa <=i20 ]

Carben monoxide <o ==350 BE0

TOCG WL <=72 B

TDCG = Total Dissolved Combustible Gas (H,, CO, €H,, CH., CH,, C:Hg)

Instrument Detail
| Tes! Paramelar | Instrument J ‘Brand | Model I
|:\.m-,a¢ gas in Cd Gas Chromatagraphy '| Fierkin Eimar | 4087 ]

Dissoiwed kay G2s concentration imit | ppm | _ IEEE C57104:2008
Compencat gas
Hydrogen
Methane
Acatylans
Ethylena

Eihame

Carben momoxise
Carben Dicwids

- Apgroved By LT R o BT
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Hanadgayu DGA OLTC

SR Lol i |
LT T Sl el i
L] L]
- The TOCG i in conction 1 ( As IEEE C_57.104-2008 )
- A= Duval Triangle Technigue was shawn Normal Operation { N ) of insulating ol
Sampling interval : Annual
Dissalved Gas measuremant analysis | ASTM D 361202 [ Reapprove 2017 . Method C )
‘Samplirg Dats
[Comporenigua _wem | G 15 Dec.31
Hydrogen Hz 10
Carben Déoxide co2 4100
Acetylens C2HZ 15
Ethylans CIH4 17TE
Eihans cane =
[Mathana THE B
Carben monaxide co T
419
Instrament I Brand T Modal 1
Gas Chromatograghy I Porkin Bmar 1 ADBT |
I Instrunsent 1 Brand | Modal
[Dissaived gas in 01 | Giars Chromatography Fariin Elmr | 4087
| Criteria
Dissalved key gas concantration limat | ppm |, IEEE C57.104-2008
Condition 2
Hydregen 104700 0 8OO0
Mathano Il 121400 0 ]
Acetylena t:} 0-35
= W\ N
Carben monaxide 351570 ]
Carboa Diaxids 25014000 o 10000
TOCG T80 3D
Reported By approved By
Hanagayu DGA Ratio
TEST REPORT
Serial Noy a
2. Measurement of Voltage ratio and check of phase displacement
Standard : IEEE C57.12.90 Ambient Temp : 250 °C
Criteria : Deviation not more than = 0.5% Hunudity : 442 %RH
T Tap Voltage HI-H3 /x1-x0 H2-H1/x2-x0 H3-H2 /x3-x0
a
P HV (V) LV (V) Ratio Ratiog,, %eDve. Ratiog,., %De. Ratiog, %Dve.
1 126.5 231 | 9483 9.4569 -0.30 9.4668 -0.19 9.4673 0.19
2 1251 231 0377 93613 -0.17 93610 -0.17 03615 017
3 1236 231 9269 92557 -0.14 9.2551 -0.15 02557 -0.15
4 1222 231 8162 91498 -0.13 9.1496 -0.13 91500 -0.13
5 1208 231 9.054 9.0440 -0.11 9.0435 -0.12 90443 -0.11
g 1193 231 8.946 8.0182 -0.31 89376 -0.10 59383 -0.09
7 1179 231 8838 88325 -0.06 88322 -0.07 88324 -0.07
8 1164 231 8.731 8.7167 -0.16 8.7264 -0.05 8.7266 -0.05
9 1150 231 8.623 26210 -0.02 8.6206 -0.03 8.6208 -0.02
10 1136 231 8515 85152 0.00 8.5148 0.00 85151 0.00
11 1121 231 8407 84501 0.62 8.4002 0.02 84005 0.03
12 1107 231 8.299 83036 0.06 8.3033 0.05 83036 0.05
13 1093 231 8.192 8.1978 0.07 8.1973 0.07 81979 0.08
14 1078 231 8.084 8.0921 0.10 8.0916 0.10 80921 0.10
15 106 4 231 7976 79964 026 7.9862 0.13 79863 0.13
16 1049 231 7868 T.8807 0.16 7.8804 0.15 7.8806 0.16
17 1035 231 7.760 7.7898 038 T7.7744 0.18 77749 0.19
Vector Group : Dyn 1 HV-LV
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TEST REPORT
Serial Mo : _
3. Measurement of Windinz Resistance
Standard - IEEE C57.1290
\faterial - Coppsr
Avg. 0il Temperamnre 246 °C
Peferance Temperaturs © 75 =C
FV Winding Resistance (Qher) SeDeviation Average Winding Resistance (Ohm)
Tap Pos. H1-H2 HT-H3 H3-HIl Max) - =
(246°C) (246°C) (246°C) (246°C) (75°C)
1 0.541935 0G48R 0.54633 068 0.64330 0.TT060
2 0.63075 063062 0.63212 0.4 0.63116 0.75370
3 0.61648 061633 0.61787 025 0.61689 0.T3666
4 0.50228 060207 0.60349 027 0.60268 0.TIR60
5 0.58798 0.58778 0.58943 028 0.3E840 0.70263
] 0.57363 057345 057508 0.28 0.574035 068550
7 0.55925 0.55005 0.56071 0.20 (.55068 066834
] 054488 054476 0.54644 0.31 054530 065128
@ 0.52985 0.52005 0.53110 024 0.53030 063326
10 0.54517 054523 054854 0.27 054568 0.65162
11 0.54801 0.55034 0.56099 X 237 0.56002 066874
12 057384 0.57380 0.57528 0.26 0.57431 0.68581
13 058123 0.58514 058967 145 0.58848 0.70207
14 050239 0.60234 0.60380 0.4 0.60254 0.71988
15 0.614673 0.61670 0.51316 024 061720 0.73702
15 0.63096 0.63001 0.53238 0.23 0.63142 0.75400
17 0.43738 0.64531 054677 147 0.64582 0.77120
L% Winding Material : Copper |
Ave Ol Temperanme : 26.40 sC Reference Temperaure : 5 ST
LV Winding Resistance (nxOhm) e ]| Aversge Winding Resistance (mOhm)
Tap Pas. xl -x2 =2 -x3 x3-xl Max )
(264°C) (264°C) {264°C) {264°C) (75°C)
16.934 16.931 16985 032 16.950 20.101
LV Winding Resistance (mObm) > - Averige Windifis Resictance (mOhm)
Tap Pos. xl-ml x2-xl x3-x0 Max)
(2647C) (264°C) {264 °C) (264°C) (75°C)
24743 24511 85016 060 B 4757 10,0515
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TEST REFORT
Senial No : . |
4. Measurement of Insulation Resistance
. IEEE C.57.12.90 .
Standard - Ambient Temp. : 2635 °C
Criteria - = 1000 M< at lnun , PI=1.3 Humadity : 437 %RH
If the 1 min msulation resistance is above 5 G . the calculated PI may not be
meaningful
Avg. Oil Temperanirs. 235 "C Corr. &t 20 *C B
Test Veltage Tarminals - _— —_ . . [ - ; : 1
(VDO armmals lml_ml:mu]4mn|.mu|€m| J.\.n]::u]gmmllc:l.uu l:'.uaI.Ur.un
(GQ) (GY)
5000 HV-LV 217 | 287 | 347 | 390 | 436 | 468 538 | 361 75.9 273
5000 HYV - LV-CT=Tank(G) 416 | 440 | 459 | 478 | 490 | s03 | 3 54.6 0.1 132
5000 LV - HV+CT+Tank{G) 16.0 210 245 271 293 314 43 366 350 3035 0.5 506 247
4.1. Measurement of Core-Grounding Insulation Resistance
Criteria - = 500 M at 1nun
Avg. 0il Temperamre. - 235 . Com. at 20 °C
Terminals 1 min Imin
o ) (GLY) (G
2500 Core - Clamp ~ Tank{G) 041 0.72
2500 Clamp - Core = Tank(G) 026 0.68

Nanasal Power factor

TEST REPORT
Ieasurement of Dissipation Factor(tan 8) and Capacitan
26.6 °C Humidty : 440 %RH
Standard - IEE C57.12.90 Ambient Temp - N ; o
Temp. Correction : 1.1300
Criteria - DF% at 20°C = 0.5% Insulation Temp : 756 °C
Real Power DF % DE % Ca
Function Mode| Parameter Energized Ground Guard U rms (kKV) | [eff Test (mA) @10V (tan 3) at 25.6 i . - Note.
W = (tan &) @20°C (nF)
GstzB CH+CHL HV LV+Tank - 10.0 32.020 0.72539 023 0.20 10.19
Gstg A&B CH HV Tank v 10.0 10.040 0.25830 0.26 023 3193
USTA CHL HV v Tank 10.0 21990 0.43597 0.20 0.18 6.995
GstzB CL+CHL LV IV+Tank - 10.0 68.280 1.7300 025 0.22 21.73
Gstg A&B CL LV Tank HV 10.0 5.320 1.2600 027 024 14.74
* 7.1 Measurement of Dissipation Factor and Capacitor For Bushing
Standard - IEEE C57.12.90 Ambient Temp : 266  °C Humidity - 440 %RH
Criteria - DF% at 20°C £ 0.5% Insulation Temp - 256 °C Temp. Correction : 0.9340
Real Power DF % .
. Parameter/P . . a7 J— P DF % Cap. Bushing
Function Mode hase Energized Ground Guard Urms (KV) | [eff Test (mA) @10kV (tan &) at 23.6 (tan.3) @20°C F) Serial No.
(mW) °C
USTA Cl/H1 HV Test tap Tank 10.0 0.6423 30.42 047 0.51 2044 1Z5CT240
Gstz AGB C2H1 Test tap Tank HV 0.7 0.16110 33.24 0.14 0.15 7324 08619/01
USTA CUH? HV Test tap Tank 10.0 0.6439 31.26 0.49 0.52 2049 1Z5CT240
Gtz ARB C2H2 Test tap Tank HV 0.7 0.15890 30.25 0.13 0.14 7223 08619/02
USTA CL/H3 HV Test tap Tank 10.0 0.6418 30.87 048 0.51 2042 1ZSCT240
Gstzg AKB C2H3 Test tap Tank HV 07 014920 27.44 013 014 6773 08619/03
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TEST REPORT
Sexial Mo |
201 MBeasurement of Single Phase Leal 3
Standord - IEEE C47.12 540 Aarbient Temp : L
Crimera For Reference Husmidimy : 4980045 taRH
Togpang Termimal Phase Memsurement ZL Phase) siDeviation
Suppby Shart Waohtage( V) L
HI-H3 X1-X0 25440 12700
1 H2-HI X2-X0 0T
HI-H2 X300
HiI-H3 X1-X0
2 H2-HI X2-X0 L3
1-H2 X300
HI-H3 X1-X0
3 H2-HI | X2-X0 .
H3-H2 1 X3-X0
HI-H3 X1-X0 |
4 HEHI 1 230 | 072
1 H3-H2 1 N3-x0 10416
| HiI-H3 XX (U]
k! | HE-HI 20 | L 174
H3-H2 X3-X0 S]]
HI-H3 X1.-X0 2 N 1
[ HE-H1 X3.x0 * s [Epl ] .72
1 H3-H2 | A 58
1
| HEDTE ENE ALY —!
FI-HI 105,30 i
| H 1067
S 1 f B, 2RI, o]
L1 HI-HI 2 IE L a
HEH2 2 | bl
\ Mg | N T 881
4 HE-HI | 2 008 i 27 1.7t
H3<H2 | 208 | 444
] HI-H3 2013 | G158
1l | HEHI | 2049 1 o et
HiH2 330 : AL
HiI-HS 1 -2 #4351
] | HAHI | X030 18131 | )53
1 HI-H2 3.0
HiI-H3 1 Xl-x0 17003
12 | HE-HI | X3-R0 b5
| H3-H2 X3-x0 .
| HI-H3 X1-X0 ]
L5 HI-HI HI-X0 | 145
Bi-H2 | TR |
TEST REPORT
Serial No : | ]
20.1. Measurement of Single Phave Leakage Impedance {Continue)
Standard IEEE C$7.12.90 Ambient Temp : 26,4000  °C
(Criteria : “%eDeviation = 3 Humidity : 49.8000 %RH
Taping Terminal Phasa Measurement Z(2Phasze) T Deviation
Supply Short Voltage(W) Current{A)
HI1-H3 X1-X0 2.032 30.18
14 H2-H1 H2-X0 2.032 30.43 0.51
H3-H2 X3-X0 2.068 20.02
HI1-H3 X1-X0 2.002 77.31
15 H2-H1 H2-XK0 2.017 7760 0.55
H3-H2 H3-KO 2.053 77.18
H1-H3 X1-X0 2.001 74.50
16 H2-H1 X2-X0 2.014 74.85 0.54
H3-H2 H3-XO 2.041 74.44
HI1-H3 X1-X0 2.002 71.93
17 H2-H1 X2-X0 2.058 71.50 0.61
H3-H2 X3-X0 2.010 71.80
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Wanadgau Oil quality

TEST REFORT
*5. Insulation oil dielectric strength test Ambient Temp. : 253 °C
Standard - IEC 60156 (1995) Humidity : 454 %RH
Criteria - Average oil breadown > 60 kV
Location Test No 1 2 3 4 5 L] Average Sudv. | sx
Main Tank 53.0 520 | 420 470 | 55 48.0 40.5 5.89 0.07
Breakdown (KV) —
OLTC 3.0 610 56.0 0.0 58.0 62.0 0.8 392 0.05
0il moisture content 253 C
Standard :  ASTM D1533 454 “RH
Criteria - 01l moisture content less than 10 ppm
Location Water in [ppm] Water m [%4]
Main Tank 18.300 0.0018
QLTC 14.000 0.0014
Interfacial tension 153
Standard :  ASTM D971 454
Location Interfacial tension dyne/cm.
Main Tank 22.000
QLTC 27.000
Acid number 253
Standard - ASTM D974 454
Location Acid number
Main Tank 0500
QLTC 0.200
0il color 353
Standard : _ASTM D1500 454
Location 01l Calonr
Main Tank 3.600
QLTC 2.100
Wanagau Furanic
TEST REPORT

Serial No :

Furanic conpound

Test tranformer Total Year use (vear) Furanic

5 21 -

Remark :
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TEST REPORT

Serial No :

Load history

Test tranformer

Si : Monthly Peak

Sb : Rate Load of

Si/Sb

5

50

50

Remark :
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Scoring and Weight Factors for gas Levels.

Over All Information
Test object Power Transformer 1
Rated Power 30/40/50 NMIVA
Rated HY 115 kv I-HV  150.6/200.8/251.0 A
Rated LV 23.1 kv LV 749.8/999.7/1243.7 A
Frequency 50 Hz
Vector group Dyn1
Condition Continue operation 5 year
DGA Tank Score
standard IEEE C57.104 (IEEE Guide for the Interpretation of Gases Generated in Mineral Oil -Immersed Transformers)
Test result data
iRk
[ HZ | CcHa | C2HS | C2H1 C2H2 | co | ooz
a | 13 | 10 22 o | 102 | 1

Score [si)

Gas 1 2 3 4 s B Wi AT Wisi
Hz =100 100-200 200300 300-500 S00-700 =700 2 £ z
CHY 575 75125 125200 200-400 400500 =600 3 1 3
C2HE6 £65 65-85 B0-100 100-120 120-150 150 3 1 3
c2He 530 50-30 50100 100-150 150-200 »200 3 £ 3
C2H2 53 37 7-35 3550 5020 >80 5 b 5
co =350 350-700 700-200 900-1100 1100-1400 >1800 1 b 1
coz2 < 2500 <3000 = 4000 55000 = 7000 > 7000 1 1 1
DEAF 1

Transformer Rating Based on DGA Factor
Condition

A Good DCAF<1.2

B Acceptabla 12<DGAFSLS

€ Need Caution 155DGAFS2

o Poar 2SDGAFE3

E Very poor z3

Criteria

H2 1000/ 150 a mormal Good condition

CHa: 80| 25 13 normal Good condition
c2He 35 10 10 Medum Medium tempersture themal fault
C2H4 150! 20 22 radium High temperature thermal fauit

c2H2 70 15 of ‘normal Good candition

) 1000, 500 msi normal Good condition

coz2 15000 10000 1274 normal Good condition

‘observation #VALUE!
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Over All
Test object Power Transformer 1
Rated Power 30/40/50 MVA
Rated HV 115 kV I-HV  150.6/200.8/251.0 A
Rated LV 231 kv LV 749.8/999.7/1249.7 A
Frequency 50 Hz
Wector group Dyn 1
Condition Continue operation 5 year
DGA LTC Score
Standard IEEE C57.104 (IEEE Guide for the Interpretation of Gases Generated in Mineral il -iImmersed Transformers)
Test result data
kil
I [ | [ | cas | C2H4 | ez | o co2
Amlaanaasuaday
5 | 11 [ 8| 0 [ e 6 1266
Rating of the LTC Based on DGA
Gas Wisi
CHe <30 30-50 50-100 =100 3 1 3
Vacuum C2HE <20 20-30 4050 =50 3 1 3
Lre C2Ha <50 50-100 100-200 =200 4 1 s
C2HZ <3 34 45 =5 5 1
[ <100 100-200 200-300 =300 3
Resistve C2H6 <50 50-100 100-200 z 200 3 o
LTC C2He <200 200-200 400-600 =600 5
C2HZ <500 500-1000 1000-5000 = 5000 3
Reacih CHa «< 200 200-300 300-700 & 700 3 o
:_:“ C2HS <100 100-150 150500 =500 3 0
4 C2H4 <300 300-500 500-1400 = 1400 3 0
[Diverter coma.)
c2H2 < 1000 1000-3000 3000-7500 & T500 3 o
4 CHA <50 50-150 150-250 =700 3
ET‘;"’ C2HE <30 30-50 50-100 2100 3
C2H4 « 100 100-200 200-500 z 500 5 o
[selector copma.)
C2HZ <10 10-20 20-25 225 3 0 o |
DGar = o B Xk |
LTC Rating Based on DGA Factor
~ RetingCode " 2 &
A ‘Good DGAF < 1.2
B Accentable 12:DGAF= 15
D Keed Caution 15<DGAFs 2
+] Poor 2=DGAF=3 o
E Very paor DeAFz3 | NN
Criteria
| H2 5 normal Gaod conditian
CH4 B0 11 normal Good cendition
C2HE 35| 10 8 Tnormal Gooé candition
c2Ha 150| 0 0 Medium High
C2HZ 70 15| o normal Good condition
co 1000} 500 86/ _nocmal Gaod condition
o2 15000 10000 1266 naemal Good conditian
Observation
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Over All i
Test object Power Transformer 1
Rated Power 30/40/50 MVA
Rated HV 115 kV -HV 150.6,/200.8/251.0 A
Rated LV 231 K LV 745.8/939.7/1245.7 A
Frequency 50 Hz
Vector group Dynl
| |Condition Continue cperation 5 year
Test Result
Electrical Test
Test result data
Parameter
. Turnratic | Lesissersacance | Coreto-grounc | Winging resistance | Powerfactor
() | 078 | 1200 036 | [
Calculation
Turn ratio rating
Rating Code Turn ratio (TR} Test Standard IEEE C$7.12.90
A ATR=0.1% Criteria Deviation not more than = 0.5%0
B 0.1% < ATR = 0.5%
C DS5%<ATR = 1%
4] 1% < ATR < 2%
E ATR = 2%
Leakage reactance rating
Rati [ ieakagereactancedevistion (W] | Standard IEEE 5td €57.152-2013
A AX <0.5% Criteria Deviation not more than 3%
B 0.5% < AX < 1%
c 1% AN <2%
[s] 2% < Ax <3%
E AX = 5%
Core-to-gr rating
ing Code Core-to-ground resistance (Mohm) | standard |EEE C.57.12.90
A R > 1000 Criteria 1000 Mohm in 1 min
B 100 s R < 1000
c 10 = R <100
4] 1smr<10
E R<1
Winding resistance rating
ing Code i Test standard IEEE €.57.12.90
A AR < 1% Criteria - Deviation not mare than 5%
B 1% s AR <2%
c 2% AR < 3%
s} 3%z AR<5%
E AR = 5%
Power factor rating
| code standard IEE €57.12.90
A PFmax < 0.5 Criteria © 0.50%
B 0.5PFmax<1
C 1sPFmax<15
D 1.5 s PFmax <2
E PFmax z 2
Criteria
L ( uimitcy N[ mmme | JIE> (7 e
Turn ratio rating o3 LEL] rormat ‘G500 condition
Leakage reactance rating 3 072 reormai o0 comdition
Core-to-zround rating 1000 1200 rormal oo
winding resistance rating 3 035 rormal o0 condition
Power factor rating [X] 045 rormad G004 condition
rormat
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Orver
Test object H Power Transformer 1
Rated Power H 30/40/50 MVA
Rated HY H 115 kv -HV  150.6/200.8/251 0 A
Rated LV H 231 KV LV 749.8/999.7/1249.7 A
Frequency H 50 Hz
Vector group - Dyn1
Condition H Continue ion 5 year
Test Result
0il quality
Test result data
Un__ = 115] [T |
Parameter
. Dielectricstrengh | imtmeciaitenson | Acdmumoer | watercontent | il color
e s s | w | » [ o
Calculation
Insulating oil ion based on IEEE C57.106-2006
sizz /un zEak £5 K <lin< 230 6V 30k 2 un scorefsi]  [wi[meuuu jwis
243 | =3 &0 1 Standard : ASTM D1816
Disiactric: 3343 4732 30-60 2l a = Criteria 40,4750
[kvfmen]f2men} 3033 T 3547 B 3
=30 3347 o 4
|6 =25 | WAL W EEEr WAL ) 1 Standard @ ASTM D371
Intertacial tension 2023 | 530 -5 2, A Criteria  : 25,30,32
[iymecm] 1520 | 1823 ] 3
213 BT PET) =
5003 1 008 s0.03 1 Standard : ASTM D374
. 00501 | 00401 a07-a1 2, a o Criteria  : 0.2,0.15.0.1
0102 [ 01015 oAl s
=02 | 2013 201 4 I
g el s, | o L Y 1 Standard : ASTM D1553
water corten 551 —t 2023 A I : 35,25,20
PP 3340 1 2330 ] 3
) =30 223 P
13 1 e Standard ASTM D1500
= et 1320 2 B -~ o Criteria @ 2
et 2
r ~
RO
Rating of cil quality tests
a oo DaFciz a
B Acoestbie 12:00F =1
c Poss Caution 13200Fc2
o Foor 2200F <3
E Ll verypox oaFz3 £
Criteria
0 e e = I
Diclectric strength a E 30 763 rormal
Interfadal tension 3 ar | 2 3 rormal
Acid nurnber o 013 ol 0.03 normal
water content E = 20 28 normal
Oilcolor | z MDY 2 D] Dl 2 13 rormal L
normal
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Over All
Test object Power Transformer 1
Rated Power 30/40/50 MVA
Rated HV 115 kv I-HV 150.6/200.8/251.0 A
Rated LV 231 kv LV 749.8/999.7/1249.7 A
Frequency 50 Hz
Vector group Dyn1
Condition Continue operation 5 year
Test Result
Furanic or age
Test result data
Parameter
aildanansagay Furenic fee ()
5
Calculation
Rating Furanic or age
Rating Code Age Year CEunT
A 0-01 Less than 20 &
8 0.1-05 2040
c 051 40-50
] 15 More than 60,
£ -5 b
score (ol
normal
o -
M1319A1WIW Load history
ri i A A
Test object Power Transformer 1
Rated Power 30/40/50 MVA
Rated HV 115 kv I-HV 150.6/200.8/251.0 A
Rated LV 23.1 kv I-LV  749.8/999.7/1249.7 A
Frequency 50 Hz
Vector group Dyn 1
Condition Continue operation 5 year

A\ S

.

SNN) ST REuEs 7 CAD

Pl 4

Load Profile

A\ LZABEN R OF: DT TN 5 P

W/ 4

Load Profile
Test ranformer | Si : Monchly Peak load (MVA) g L"(‘;':“fir"a“"f""m“" SiSh (N)
1 T, «© Y AES 08

S T 7 ] [ Galeuiation] 77

LF Score
Rating Code Si/Sh -
A <06 0
B 06=<=1 1
[ l==13 (1]
D 13<=15 0
E >15 0
Score LF -
LF rating
Rating Load factor Condition LF
4 LF=35 i 0
3 25sLF=35 sauduls 3
2 15 LF=25 daeszie 0
1 05=LF<15 ud o
1] LF =05 weun 1]
Rating 3
normal
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Over All Information
Test object Power Transformer 1
Rated Power 30/40/50 MVA
Rated HV 115 kv FHV  150.6/200.8/251.0 A
Rated LV 231 kv LV  749.8/999.7/1249.7 A
Frequency 50 Hz
Vector group Dyn 1
Condition Continue operation 5 year

Test Result

Rating of Global Strategic Impact

Rating of Global Strategic Impact

Global Strategic Impact

551 Index Description
56-100 Very high risk

7185 High risk

51-70 Medium risk 1666666667 |
31-50 Low risk \
030 \ery low risk \

score Safety of property and persons Safety of the electrical system Competitiveness Pollution Level
o Hot community Genaral residence Ganaral residence Without industry
1 Industry not smoke sl
2 In communityrisk of explode Support hospital/database Rebuilding cost/ Loss of Production hight density Industry
3 hight density Industry+sea
AzuY [ [ o 2 0.166666667
16 65666667
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msﬂaagﬂwa GTC

Rated HV 115 kv HHY 150520082510 A
Rated Ly e MV MeB/EESTANET A
Frequency 50 Hr

[Vector group tDyn1

| Condition + Continue aperation 5 year

glof(w|o|o|lov|lu|e|s]s
wlofo|o|wluw|le|s|s|s

Naote

DGATark

Power Fachor

i d e 271 6Y20) S b 3

Furan or 2ge -

Tunmtio [

Leakage reaciance

ey -~ Jatloeginel \ P \ 709070 N =

care o round ? J LYY\ & N |
DeAcliTC O YO A | L/ ACYIOWICD : o |l |
St hiory al el LLLULLL] AY A \ Va2l e UV NN
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Test object Power Transformer 2
Rated Power 30/40/50 MVA
Rated HV 115 kv I-HV  150.6/200.8/251.0 A
Rated LV 231 kv LV 749.8/999.7/1249.7 A
Frequency 50 Hz
Vector group Dynl
Condition Continue operation 7 year
DGA Tank Score
standard |EEE C57.104 (IEEE Guide for the Interpretation of Gases Generated in Mineral Oil -lmmersed Transformers)
Test result data
e
e H2 | cH4 | coms | caHa caH2 | co | co2
22 ] 15 I 30 29 o I 220 l 1734

Scoring and Weight Factors for gas Levels

NN W N
Gas 1 2 3 4 5 & Wi AU wisi
H2 < 100 100-200 200-300 300-500 500-700 >700 F] 1 2
CHa =73 75125 125-200 200-400 200-500 >600 3 1 3
C2HE <65 65-85 50-100 100-120 120-150 =150 3 b 3
Clha =50 50-80 B80-100 100-150 150-200 >200 3 1 3
c2H2 =3 37 7-35 35-50 50-80 =80 5 1 5
o <350 350-700 700-900 000-1100 | 1100-1200 1400 1 1 1
coz = 2500 = 3000 52000 55000 = 7000 > 7000 1 1 1
[ 7%
Transformer Rating Based on DGA Factor
4 Good DGAF<12
B Acceptable 125DGAFS1S 0
c Need Caution 15SDGAFs 2 0
o Foor 25DGAFS3
E Very poar DEAF=3
Criteria
N aF 7 vaiiz”_| 73 Do
H2 1000 150 22| normal Good condition
ag sg[ 25 15| | mermal Good condition
C2HE 35 10 a normal Good wlﬂ-mn
C2HY 150, 20 29[ Medium High temperature thermal fault
oz #‘ 15 o normal ‘Good condition
[=+] 1000 500| 220 narmal Good condition
co2 15000 10000)| 173a| | normal Eood condition
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Over All i
Test object : Power Transformer 2
Rated Power : 30/40/50 MVA
Rated HV : 115 kV I-HV  150.6/200.8/251.0 A
Rated LV : 231 kW LV 749.8/999.7/1249.7 A
Freguency : 50 Hz
Vector group : Dyn1
Condition : Continue operation 7 year
DGALTC Score
Standard : |EEE C57.104 (IEEE Guide for the Interpretation of Gases Generated in Mineral il -lImmersed Transformers)
Testresult data
e
e H2 | CHl | cans | caa | cmz | ] | coz
Aamlaaanuaday
42 | 27 | 3 | 33 | 0 170 [ s
cula
Rating of the LTC Based on DGA
s | Soore(S) §
Gas 1 2 3 4 wi RGO WiSi
[ <30 30-50 S0-100 =100 3 1 3
Vacuem C2HE <20 20-30 40-50 250 3 1 3
Lre C2HL <50 50-100 100-200 =200 4 1 4
c2Hz 3 34 25 25 s 1
[ - 100 100-200 200-300 2300 3 0
Resistive C2HE <50 50-100 100-200 =200 3
e C2He <200 200-400 £00-600 =600 H
CIHz <500 500-1000 | 1000-5000 25000 3 []
CHA <200 200-300 300-700 =700 3 0
Reactive
e C2HS =100 100-150 150-500 2500 3 [
) c2Ha <300 300-500 500-1400 = 1400 3 0
[Diverter comp.}
C2Hz < 1000 1000-3000 | 3000-7500 = 7500 3
i CH4 <50 50-150 150-250 =700 3 [
E;“ C2HE <30 3050 50-100 =100 3 0
Gckoar copdin ) c2H4 - 100 100-200 200-500 =500 H [
C2H2 <10 10-20 2025 225 3 []
Doar - ===
Transformer LTC Rating Based on DGA Factor
= ) ol &
A Good DGAF <12
B Acceptable 12:DGAFS1S
c Need Caution 155DGAFs2 [ENEREN
[ Poor 2=DGAFS 3
E Very paor DEAFz3
Criteria
Gaz D T Tvalue [ Condition | ¥ s Ny F
H2 1000 150| 42|~ normal Goad condition
CHa B0 5 27] _Medium Sparking
C2HE 35 10 §| normal Good condition
C2H4 150 20 33| Medium High tempersture thermal fault
C2H2 70| 15 o]  mormal Good conditian
oo 1000 S00) 170|._normal Good condition
co2 15000, 10000 1165 normal Good conditian
Dbzervation
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Over All Information
Test object Power Transformer 2
Rated Power 30/40/50 MVA
Rated HV 115 kv I-HV  150.6/200.8/251.0 A
Rated LV 231 kV LV 749.8/939.7/1245.7 A
Frequency 50 Hz
Vector group Dyn1l
Condition Continue operation 7 year
Test Result
Electrical Test
Test result data
Parameter
ity Turnratio | Lesimserescmnce | Corsto-rouns | Wingingresistance | Power factor
0.9 | 073 | 2258 | 0.43 | 047
al
Turn ratio rating
Rating Code Turn ratio (TR} Test Standard
A ATR<0.1% Criteria
B 0.1% < ATR = 0.5%
C 0.5% < ATR < 1%
] 1% <ATR=S 2%
E ATR = 2%
Leakage reactance rating
Ratil Stamdard IEEE 5td €57.152-2013
a X =0.5% / Criteria Deviation not more than 3%
B 0.5% s AX <1% S —
c 1% < AxX < 2% il _—
[5] 2= AN 3% -
g -
E AN = 5%
Core-to-ground rasistance rating
i T Standard IEEE C.57.12.90
A R > 1000 N Criteria 1000 Mohm in 1 min
] 100 < R < 1000
C 10 = R <100 .
=] 1sR<10
E R 1
Winding resistance rating
_ | matngcode ~ [ Test Standard IEEE C.57.12.90
A 4R < 1% Criteria - Deviation not more tham 5%
B 1% s AR < 2% |
c 2% s AR < 3%
s] 3% s AR < 5%
E 4R = 5%
Power factor rating
Standord ez 57120
A PFmax < 0.5 Criteria : 0.50%
B 0.5 PFmax <1
c 1<PFmax<15s
=] 15sPFmax<2
E PFmax & 2
Criteria
Somind, Fopu A e [ TR V7 e )
Turn ratio rating o3 049 rormal ‘F00d condition
Leakage reactance r El 074 narmal Good condition
Core-to-ground resi 1000 2258 rarmal Gaod condition
winding resistance rating 3 043 rarmal Sood condition
Power factor rating LX) 0.47 reopmal Good condition
narmal
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Over
Test object Power Transformer 2
Rated Power 30/40/50 MVA
Rated HV H 115 kV FHY  150.6/200.8/251.0 A
Rated LW H 131 KV -V 743.8/995 7/1243 7 A
Frequency : 50 Hz
‘Vector group H Dynl
Condition Continue 7 year
Test Result
0il quality
Test result data
Un = 115] KV |
i - g | | [ [ ot cotor
S s ] EY] | om ] EL ] 13
Calculation
Insulating oil ion based on IEEE C57.106-2006
Ey™ P €5 kY <Un 2 2305V 230KV 5 Un scorefs] _[wi_[ncuuu e
243 252 =ED 1 Standard : ASTM D1816
Diaiectic stensn e ] s -0 Y |, s Criteria 40,47,50
[rfmemijzmen) 3033 | 3547 =) ]
230 33-47 030 4
] | . W AL . 1 Standard : ASTM D71
IWHIEM 20-23 330 e 2, ry 4 Criteria @ 25,30,32
(ymefcm] 1320 1823 w2 3
213 213 <2 )
2003 | 004 003 3 Standard : ASTM D974
n.0301 00401 FTo=T) i : . 0.
> 4 0102 i 01015 [T : o, - ‘ \ faeImet
=02 | 2013 201 4 -
L =30 _'_ A Vo R o R L 1 Standard ASTM D1553
‘Waser conten 30-33 2022 =20 z * Criteria = : 35,25,20
Ipeem) ) 1 =3 == =l *
240 | 230 223 a
£18 1 Standard : ASTM D1500
o 1320 2| okl 1‘ Criteria 2
zr1y 3
. Y
G . Y
Rating of oil quality tests
[ 7 comse” ([7 7
A a0y ooFe1z AV
= acceptnie. 12200F <13 i
c Mesd Caution 13:DaF<2
o Foor 2200F<3
g AWMa (W F-i_a 11D 2]
criteria
[ Zew ] T [ e | condiion [T nete
Dielectric strength 40 a7 1 30 EXS rermel
Interfacal tension 23 = 32 a3 rarmal
Ackd number 0z 043 o1 0.03 normel.
Water content 33 = 20 308 normat
0l colar 2 2 z 15 rormel
AW’ v D 1 * <y\ normal &




M1919A1%2% Furanic or Age

Over All Information

148

Test object Power Transformer 2
Rated Power 30/40/50 MVA
Rated HV 115 kv I-HV 150.6/200.8/251.0
Rated LV 231 kv I-LV  749.8/999.7/1249.7
Frequency 50 Hz
Vector group Dyn1
Condition Continue operation 7 year
Test Result
Furanic or age
Test result data
Parameter
antlaannsuaaai Furanic I Age ()
- 7

Rating Furanic or age

Rating Code ] Furaldehyde[ppm] | " Agevear. || | azuwy |
A 001 Less than 20 i
B 0.1-0.5 2040
c 051 4050
D 15 More than 60
E =5 3

score HETNN

normal
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Test object
Rated Power

Power Transformer 2
30/40/50 MVA

Rated HV 115 kV I-HV 150.6/200.8/251.0 A
Rated LV 23.1 kv -V 749.8/999.7/1249.7 A
Frequency 50 Hz
Vector group Dyn 1
Condition Continue operation 7 year
Test Result
Load Profile
Test result data
Load Profile
Test tranformer | Si : Monthly Peak load (MVA) — L";;"TT“““”"”" SiSh (N)

77

S SO\ 7 NN

LF Score
Code b ) Si/Sh_ ‘ - =
A <06 p =
B 06<=1 =
[ 1<=13 o
D 13<=15 1]
E >15 o
Score LF
LF rating
Rating Load factor Condition LF
4 LF=35 § XY A Y
5 25=lF <35 vauiula
2 1.5=LF=25 waeTsia
05=lF<15 ug
0 LF=05 WA
Rating | B

normal
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Global Strategic Impact

651 Index
56-100 Very high rizh
| 71-85 High risk
51-70 Medium risk
31-50 Low risk
030 Vary low rizk.

Over All Information
Test object Power Transformer 2
Rated Power 30/40/50 MVA
Rated HV 115 kV I-HV  150.6/200.8/251.0 A
Rated LV 231 kV I-LV 749.8/999.7/1249.7 A
Frequency 50 Hz
WVector group Dyn1l
Condition Continue operation 7 year
Test Result
Rating of Global Strategic Impact
Rating of Global Strategic mpact
J— | Safaty of property and parcons | ‘Safaty of the elactrical systam | Competitiveness Pallution Level -
0 Nt community General resicence Genersl resicence Without industry
1 Induzstry not smoke: asl
2 hight density Indusiry
3 hight density Industryszea
ATLMU o [ F3 1 0.5
5

mswaﬁgﬂwa GTC

Rated Fower 1304050 MVA
Ratad HY 115 kW FHY | 150520082510 A
Rated L rmL W MV THSLEE99/12697 A
Frequancy 150 K
vector grous D1
Conditicn  Cantinue aperation 7 year
GTC Farameter
compomens [ % =N s L
[ F VIR G eonn [ PlD
Dea 1 4 a0
Powes Factor i 4 -
| iy & 4 b1
Furan or Age = 2 20
Turn ratio 5, =3 .
= 3 E
Winding & 4 Y]
Core-to-ground : it g
DEAFLTE e . Cas
n 3 o
BT (Gereral
&TC Index Condition Description
i Very Good E minar
_— Good sigrificant deeriaration of some components More than 10 vears
090 Far ke Up to 10 years
2 Foar ‘Widespread serious deteriaraton Less than 3 Yaars
B Very Foar Extensve serious deterioraton s Endaf Life
Nate
Detal
‘Obsewation Action
|peatank Dtenatian High temperature thermal fault
Fower Factor e
04 ualiny roml
Furanor 2ge normal
[ Turn ratio. m—
normal
wending e
Core-to-ground ——
DG of LTC Dtenatian Sparking High temperature thermal fault
normal
- =F yarv: rv: i ” rv: VE—~—v: = rv:
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Over All Information
Test object Power Transformer 3
Rated Power 30/40/50 MVA
Rated HV 15 kv I-HV  150.6/200.8/251.0 A
Rated LV 231 kv -V 749.8/999.7/1249.7 A
Freguency 50 Hz
Vector group Dyn1l
Condition Continue operation 17 year
DGA Tank Score
standard IEEE C57.104 (IEEE Guide for the Interpretation of Gases Generated in Mineral Qil -immersed Transformers)
Test result data
[ilki]
[ H2 | cHa | coHs | cama | caHz | co | co2
40 | 112 32 o | os 748 |

Scoring and Weight Factors for gas Levels

& » NNV . Y
Gas 1 2 3 4 5 6 Wi Az wisi
H2 < 100 100-200 200-300 300-500 500-700 700 2 1 2
CcHa =75 75135 125-200 200-400 400600 >600 3 2 &
C2HE sS85 55-85 80-100 100-120 120-150 150 3 b 3
C2He =50 50-80 80-100 100-150 150-200 >200 3 3 )
C2H2 53 57 7-35 35-50 50-80 >80 5 " 5
[ =350 350-700 700-900 s00-1100 | 1100-1400 »1400 1 E 3
coz <2500 <3000 = 4000 <5000 <7000 > 7000 1 3 3
DGAF 222
Transformer Rating Based on DGA Factor
e _condition
a Good
[
c MNeed Caution
[:] Poar
E or
Criteria
L) value | conditi |
H2 1Dnor 150 ap|  morms| Good condition
cHa ﬂ 25 113 sparking
L J 35 10/ g|  normsl Good condition
C2HA 150 Z_Oi go|,  Madium High tempesature tharmal fault
C2H2 70, 151 08| normal Good condition
0 1000 500 748|  Medium Thermal fault Cellulose
coz 15000 10000 3300| | mormal Good condition
out of senvice
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sparking

Over All i
Test object Power Transformer 3
Rated Power 30/40/50 MVA
Rated HV 115 kV IFHV  150.6/200.8/251.0 A
Rated LV 231 KV LV  749.8/995.7/1249.7 A
Frequency 50 Hz
Vector group Dyn1
Condition Continue operation 17 year
DGA LTC Score
Standard IEEE C57.104 (IEEE Guide for the Interpretation of Gases Generated in Mineral Qil -Immersed Transformers)
Test result data
ik
e H2 | cHa | cemws | came | a2 | [ coz
AamlaaaaTnaday
28 | 111 | 18 65 05 | 543 [ 3sa
Rating of the LTC Based on DGA
| SeoreSi] L
Gas 1 3 4 Wi aziuu | Wisi
CHe | <30 30-50 50-100 = 100 3 4 12
Vacuum C2HE <20 20-30 £0-50 250 3 1 3
Le C2H4 <50 50-100 100-200 2200 4 2 8
c2H2 <3 34 = 25 5 1
CHY <100 100-200 200300 | 2300 3
Resistive C2HE <50 50-100 100-200 =200 3
LTC €2H4 <200 200-400 400-600 =600 5
c2H2 < 500 S00-1000 | 1000-5000 25000 3 [
Bt CHa <200 200-300 300-700 =700 3 []
:c'“ C2HG <100 100-150 150500 =500 3 [
) C2H4 <300 300-500 500-1200 = 1400 3 []
[Diverter comp.)
c2H2 < 1000 1000-3000 | 3000-7500 27500 3
s CHe <50 50-150 150-250 2700 3
:T‘E“ C2hE <30 3050 50-100 =100 3 o
C2H4 <100 100-200 200-500 =500 5 [
[selector copmp.)
C2H2 <10 10-20 025 225 3 [
DGAI m
Transformer LTC Rating Based on DGA Factor
Rating .
A Good DGAF = 1.2
B Acceptable 12<DGAF<L5
E Need Caution 155 DEAFS2
[ Poor 2=DGAFs3
E Very poar DGAF23
Criteria
= M= T TV & iy \IY o]
H2 1000 29[\, mormal Good condition
CHa _ s0| Dangerous Sparking
C2HE 35 Megium Medium temperature thermsl fault
caH4 150 Medium i thermsl fault
c2H2 70 normal Good condition
co 1000 Medium Thermal fault Celulaze
coz 15000 10000 3541|  narmal Good eondition
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Over All i
Test ohject Power Transformer 3
Rated Power 30/40/50 MVA
Rated HV 115 kV -HV 150.6/200.8/251.0 A
Rated LV 231 KV LV 745.8/959.7/1245.7 A
Frequency 50 Hz
Wector group Dyn1l
Condition Continue operation 17 year
Test Result
Electrical Test
Test result data
Parameter
P Turnmatic | Leskagersactance | Coreto-grounc | Wingingresistance | Power factor
[XT) | 0.E7 | 520 | 174 | [ET
Calculation
Turn ratio rating
Rating Code Turn ratio [TR) deviati Test Standard IEEE C57.12.00
A ATR=0.1% Criteria Deviation not more than = 0.5%
B 0.1% < ATR = 0.5%
C 0.5% < ATR < 1% 3
D 1% < ATR = 2%
E ATRz 2% / ol
Leakage reactance rating
s | Standard IEEE 5td C57.152-2013
A A% <0.5% Criteria Deviation not more than 3%
B 0.5% = AX < 15 /
m—
o 1% < 4K = 2% —
D TH= LR =30 = -
E AN z5% I~ e
Core-to-ground resistance rating
i standard IEEE C.57.12.90
A Criteria 1000 Mohm in 1 min
B N
E .
] 1sR<10
E R<1
Winding resistance rating
Rating Code = deviation [%] Test Standard IEEE C.57.12.90
a AR <1% Criteria: Deviation not more than 5%
B 1% s AR < 2%
c 2% sar<3%
o 3% s AR <5%
E AR =5%
Power factor rating
standard IEE C€57.12.90
A PFmax < 0.5 Criteria 0.50%
B 0.5 PFmax<1
c 1<PFmax <15
o 15sPFmax<2
E PFmax = 2
Criteria
W T [ mied [ v [ omamen [ 7 7w T
| Turn ratia rating oS L0 rormail So0d comdition
Leakage reactance rating 3 0ET rearmail 5004 Eomdition
Core-to-ground resistance rating 1000 320 Obsenation Medium temaersture tnermal fautt
winding resistance rating 3 174 marmal Good comdition
Power factor rating ] 031 Cbsenmtion Arcing
rarmat
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Test object H Power Transformer 3
Rated Power H 30/40/50 MVA
Rated HV H 115 kW FHY  150.6/200.8/251.0 A
Rated LV H 231 kY LV 749.8/993.7/1245.7 A
Frequency : 50 Hz
‘Vector group H Dynl
Condition - Continue ion 17 year
Test Result
0il quality
Test result data
Un = 115] [ |
. Sistectric sngn | o | Acidnumber | water contant | oil color
S 2 | Y] o | ws | 3
Calculation
Insulating cil based on IEEE (57.106-2006
Size /Un zes v €5 Ky cUn £ 230 230005 Un scoefs) [ [ouu [
243 =32 =60 1 Standard : ASTM D1816
Dieiectric e 1 a2 Ed 2 . Criteria 40,47.50
[evfmen]2men] Py ] 3347 =) 3
=30 3347 om0 3
I | _ N S O L 1 Standard ASTM D371
Intzrtacal tznzion 20-23 | 30 L z . z Criteria 25,3032
[gymefcm] 1220 TeT) oy .
513 1 218 s20 2
=005 \ =004 snoE 1 Standard ASTM D374
00301 20401 Fr=T) iteria .
v a 010z 1 01015 [ : : 3 e 201501
20z | 2013 201 3 [
11 == F= RN i ) - Standard ASTM D1553
[—— 03 —t 2 == @ g Criteria 35,25,20
[FFm] 340 | 2530 - 3 X
240 ! =30 223 3
218 L Standard : ASTM D1500
- 1320 2z - - Criteria @ 2
1023 3
ai3 p |
ETSI ==
Rating of ol quality tests
a @o0d ogF<12 o
B Acoeptaie 122007 <13 o
© Piesd Caution 13200F<2
o Foor 22007 <3
Sty WY dovporRfil ] Wgiad
Criteria
[ e [ e [ e BT = I
| Dielectric strength a0 a7 2 rormal
Interfacial tension 23 B | =2 50 el
Acid number 02 613 01 0.42 rormal
water content B = w 123 normat
il color L = OO0 = 3w\l <[t 3 oo |
Cuseryation
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Test object Power Transformer 3
Rated Power 30/40/50 MVA
Rated HV 115 kv I-HV 150.6/200.8/251.0
Rated LV 23.1 kv I-LV  749.8/999.7/1249.7
Frequency 50 Hz
Vector group Dyn 1
Condition Continue operation 17 year
Test Result
Furanic or age
Test result data
Parameter
anitldaina Furanic | Age ()
- [ 17

Rating Furanic or age

Rating Code osgevear || o
A 001 Less than 20 4
B 0105 2040
c 051 40-60
D L5 More than 60
[3 »5
Score ZARTINN

normal
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Over All Information
Test object Power Transformer 3
Rated Power 30/40/50 MVA
Rated HV 115 kv I-HV  150.6/200.8/251.0 A
Rated LV 23.1 kv -V 749.8/999.7/1249.7 A
Frequency 50 Hz
Vector group Dyn 1
Condition Continue operation 17 year
Test Result
Load Profile
Test result data
Load Profile
Test tranformer | Si : Monthly Peak load (MVA) Soelals L"“:fi““““”"””’ Si/Sh (N)

y o4

~OSN\\\\edlror 7~ NN

LF Score
M’ Code * _ SUSh s - —
A <06 -
B 06<=1 ;
[ 1<=13
D 1315 0/
E 315 oy,
Score LF
LF rating
Rating Load factor Condition LF
4 LF=35 § DO
4] 25=LF <35 vausuls
2 15s LF =25 waeTsia
05sLF=15 ug
1] LF = 0.5 [ et]
Rating | | <]

normal
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Test object : Power Transformer 3
Rated Power : 30/40/50 MVA
Rated HV 115 k¥ I-HV  150.6/200.8/251.0 A
Rated LV : 231 kV LV 749.8/999.7/1249.7 A
Frequency : 50 Hz
Vector group : Dynl
Condition Continue operation 17 year
Rating of Global Strategic Impact
Rating of Global Strategic Impact

T T e W T e e

ATEUL

Global Strategic Impact

Sl Index Description
36100 [Very high rizk
7185 Hizh risk
5170 Medium risk
31-50 Low risk
030 |Very low risk

mﬁaagﬂwa GTC

Rated Fower, $30M050 WA

Rated HY' f115 kv FHY 1505200872510 A
Rated LV 231 V| T43B/993 712487 A
Frequency 5w

viector grous :Dynd

Conditicn  Continue aperation 17 year

L N P | T PR B ol

) 10 z 0
Pawer Factar 1 El o &
04 Quality & 0 o 3
Furan or Age = . 0 "o
(Tunmatio s H 15
Leakage reactance s 3 24 h
winding 5 3 18
Core-ta-ground 2 3 &
DEAGFLTC & z 12
Load histary w = £
£4.33803529
GTC (Gemeral
GTC Index Condition Description. Approximate Expected Lifetime
=100 Very Good = inar o Mare than 15 years
[ Good sigrificant deserioration of some components. More than 10 years.
090 Far Upto 30 years
. Foor Widespread serious deseriaration Lo ey 3 T
o very Poor Extensie serious detenoration deo:
Nate
—— Out of service
Power Factar Otmerdation Mebestium temperature thermal fut
ot cuainy Oesanaation Mecium temperature thermal tat
Furan o Age normal
Trn ratio. e
normal
[ Winding remsl
 Core-to-ground o beir]
Joseae —
normal
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Over All Information
Test object : Power Transformer 4
Rated Power : 30/40/50 MVA
Rated HV : 115 kV I-HV  150.5/200.8/251.0 A
Rated LV : 231 kv -LV  749.8/999.7/1243.7 A
Frequency : 50 Hz
Vector group : Dyn1
Condition : Continue operation 10 year
DGA Tank Score
standard : |EEE C57.104 (IEEE Guide for the Interpretation of Gases Generated in Mineral Oil -iImmersed Transformers)
Test result data
i
et H2 | CcHa | cawe | cama | caz | co | co2
AildaAmeuaday
161 | a 67 | 18 | o | 558 | 643
Scoring and Weight Factors for gas Levels
» N NVUT sl / N
Gas 1 ] 3 4 5 6 Wi AT wisi
H2 < 100 100-200 200-300 300-500 500-700 5700 2 2 4
CHa 75 75125 125-200 200-300 400-600 =600 3 1 3
Cc2HE =65 6583 50-100 100-120 120-150 »150 3 2 &
c2Ha =50 S-30 20-100 100-150 150-200 200 3 ! 3
= £3 3-7 7-35 35-50 50-80 >80 B 1 5
co <350 350-700 700-900 'S00-1100 1100-1400 >1400 1 2 2
coz <2500 = 3000 4000 = 5000 <7000 > 7000 1 1 1
DGAF 3333
Transformer Rating Based on DGA Factor
[ metingoode | condion | ion |
A Good DGAF<12
] acceptable 125DEAFS1S 3
c MNeed Caution 15<DGAF<2 o
D _Poar 2=DGAFS3 )
3 Very poor DGAFE3
Criteria
| i tion
K2 1000 150 161 Medium Corona and Arcing.
CHa 80| 25 26| Medum sparking
C2ZHE 5 10 o normal Good condition
c2Ha 150 20 ag|  mormal Good condition
c2H2 70 15 o] normal Good condition
co 1000 500 558]  Medium Thermal fault cellulose
coz 15000 10000 643 normal Good condition
Obsenation
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Over All Information
Test object Power Transformer 4
Rated Power : 30/40/50 MVA
Rated HV : 115 kV I-HV 150.6/200.8/251.0 A
Rated LV : 231 kV I-LV 749.8/999.7/1249.7 A
Frequency : 50 Hz
Vector group : Dyn 1
Condition : Continue operation 10 year
DGA LTC Score
Standard |EEE C57.104 (IEEE Guide for the Interpretation of Gases Generated in Mineral Qil -Immersed Transformers)
Test result data
iy
T H2 | CcHa | caws | camwa | cemz | [ | ooz
1 | 2 1 3 0 | 451 | s
Rating of the LTC Based on DGA
e 5 o
Gaz 1 2 3 4 Wi el | Wisi
CHY <30 3050 50-100 =100 3 1 3
Vacuum C2HE <20 2030 2050 =50 3 1 3
LTe C2H1 <50 50-100 100-200 =200 4 1 4
C2H2 <3 34 45 =5 5 1
CcHY <100 100-200 200-300 =300 3
Resistive C2HE <50 50-100 100-200 =200 3 0
LTC c2Ha <200 200-£00 400-600 =600 5
C2H <500 500-1000 | 1000-5000 25000 3
. cH 200 200-300 300-700 =700 3 0
':T':é"' CIHE <100 100-150 150-500 =500 3 0
. c2Ha <300 300-500 | 500-1300 21200 3 0
(Divarter comp.)
c2H2 <1000 1000-3000 | 3000-7500 =7500 3 0
= [ <50 50-150 150-250 =700 3
:{“ c2HE ) 3050 50-100 =100 3
C2H4 <100 100-200 200-500 2500 5
[selector copmp.}
C2H2 <10 10-20 2025 215 3
DEAF =
Transformer LTC Rating Based on DGA Factor
Rating A
A Gaad DGAF <1.2
B Acceptable 1.2 SDGAFS 15
C Need Caution 15=DGAF=2
D Foar 2<DGAF=3
E Very poor DGAF=3 M ML
Criteria
H2 1000 150 12|  normal Good condition |
CHA 0 5 2] normal Good condition
C2HE 35 10 1| normal Gaod condition
3 150{ 20 3| _normal F-d88 conditok
C2H2 70 15 o] normal Good condition
co 1000 500 461] | normal Bood condition
1 15000 10000 sa3[  normal Good condition
normal
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A

B 0.5 PFmax<1

C 1sPFmax<15

[ 15 3 PFmax< 2

E PFmax z 2
Critefia

T e i o[ o [ RS 7T e py
Turn ratio rating o3 L) raommal Go0d comgition
Leakage reactance rating 3 .81 rarmal &30d comdition
Core-to-ground resistance rating 1000 730 ‘Obsersmtion Medium tema thermai fault
winding rating 3 0.3 rarmal i
Power factor rating [E] 0.47 rormal, Good condition
Obzeration

Over All i
Test ohject Power Transformer 4
Rated Power 30/40/50 MVA
Rated HV 115 kV I-HV 150.6/200.8/251.0 A
Rated LV 231 KW LV 745.8/955.7/1243.7 A
Frequency 50 Hz
Wector group Dyn1l
Condition Continue cperation 10 year
Test Result
Electrical Test
Test result data
Parameter
- o Turn mtio reactance Core-to-ground winging resistance Power factor
() 0.EL 720 as 047
Calculation
Turn ratio rating
Rating Code Turn ratio [TR) deviation of Test Standard IEEE C57.12.00
A ATRS0.1% Criteria Deviation not more than = 0.5%
B 0.1% < ATR = 0.5%
C D.5%<ATR = 1%
v} 1% < ATR = 2%
E ATR = 2%
Leakage reactance rating
MJ—" 1 Standard IEEE 5td C57.152-2013
A LX< 0.5% Criteria Deviation not more than 3%
B 05%< A< 1% /
[ 1% < Ax < 2% — —
v} 2% s AN < 3% — —
E AX = 5% -~ -~
Core-to-ground resistance rating
standard IEEE C.57.12.90
A R > 1000 Criteria 1000 Mohm in 1 min
B 100 = R < 1000
C 10 = R <100
v} 1=R<10
E R<1
winding resistance rating
Lating anice % Test Standard IEEE C.57.12.90
A AR < 1% Criteria: Devintion not mare than 5%
B 1% < AR <2%
c 2% < AR < 3%
[s] 3%z AR <5%
E AR = 5%
Power factor rating
R standard IEE C57.12.90
PFmax <0.5 Criteria : 0.50%
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Ower,
Test object H Power Transformer 4
Rated Power - 30/20/50 MVA
Rated HV H 115 kV FHY  150.6/200.8/251.0 A
Rated LV H 231 KV -V 749.8/599.7/12457 A
Frequency - 50 Hz
‘Vector group H Dynl
Condition - Continue ion 10 year
Test Result
0il quality
Test result data
Un = 115] kv |
Parametar
ot vielecricovengm | wnemadsitenson | Acumumner | water coneent | ot covar
& | 3 [ oms | B |
Calculation
Insulating oil ion based on IEEE (57.106-2006
ol un Zeanv &5 Wy clin 2230 Y 2306V 3 Un scorefsi]  [wi|mouun wis
243 | =32 =ED 1 Standard : A5TM D1216
Dercricarengr s | - == ) [, S Criteria 40,47,50
[rvfmenj2men) 3039 | 3547 CE] B
=30 3347 o2 4
| =23 | o NERON L (1) 4 e 1 Standard : ASTM D371
Insactacl sansion 023 | 2330 o T, >y Criteria : 25,30,32
(stymefom] 1520 | 1823 W 3
213 213 < 2
=003 | =0@4 2003 1 Standard ASTM D374
& . & 0030 i 0.04-01 00701 ] x o Criteria 0.2,0.15,0.1
0102 | 21045 00701 B
202 | =02 =01 A —
s _ams | S LT R Y 1 Standard ASTM D1553
Water content, 3033 _t 2029 -2 2|, (s — Criteria  : 35,25,20
[rem] 3540 | 2330 fatiad 3
=40 1 230 223 2
£13 n Standard : ASTM D1500
= e 1320 2 + a Criteria & 2
1023 3
5 : Y
iy 501 OOF<12 Vi
B scceptatie 11z00F <13 of J
© Head Cautian 15200F<2
o Foor 2z00F<3
EX YN L A e WL 1 e
Criteria
| Note
| Dislectric strength rorrme
Interfacial tension normal
Acid numiber rormal
water content 3 = w 13 norma
0il color s’ z AW 2 W w1 & 13 ol N#
normal
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Test object Power Transformer 4
Rated Power 30/40/50 MVA
Rated HV 115 kv I-HV  150.6/200.8/251.0
Rated LV 231 kv LV 749.8/999.7/1249.7
Frequency 50 Hz
Vector group Dyn 1
Condition Continue operation 10 year
Test Result
Furanic or age
Test result data
Parameter
aildanansuanay Furenic I Age ]
- 10

I T —

Rating Furanic or age

Rating Code ! F m] \ﬂﬂe\ea\ \ \ .\ +='J'“; /
A 0-0.1 Lessthan20 | 4
B 0.1-0.5 2040
c 051 4060
D 15 More than 60
£ >5

= R

normal
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M1919A %% Load history

Over All Information
Test object : Power Transformer 4
Rated Power : 30/40/50 MVA
Rated HV : 115 kv I-HV  150.6/200.8/251.0 A
Rated LV : 23.1 kv I-LV  749.8/999.7/1249.7 A
Frequency H 50 Hz
Vector group H Dyn1l
Condition H Continue operation 10 year
Test Result
Load Profile
Test result data
Load Profile

Test tcranformer | Si : Monthly Peak load (MVA) Sb “Rate Load of transformer | o;,p 1\

o4 ~ O\ [ Calguftion - NN\

LF Score
MB Code | Si/Sb e e
A ' <08 & - 7
B 06<=1 " /]
c 1==13
D 13<=15 4
E 15 '*_
Score LF
LF rating
Rating Load factor Condition 1 LF
4 LFz35 i
B 25sLF=35 pauiuld
2 1.5s LF <25 CER 21
05=LF =15 ue
o LF=05 WA
Rating | 44
normal




166

A519ANWIW GSI

Power Transformer 4

30/40/50 MVA

115 kv I-HV  150.6/200.8/251.0 A
231 kv LV 749.8/999.7/1249.7 A
50 Hz

Dyn1l
Continue operation 10 year

Rating of Global Strategic Impact

Rating of Global Strategic Impact

Safety of property and persons Safety of the electrical system
Not community General residence

e

Industry not smoke
g et sy
hight density Industry*sea

Global Strategic Impact
[t index Description

mswagﬂ Wa GTC

Rated Fower, +30/M40/50 MV

Rated HY' L5 kv FHY  1S05/2008/2510 A
Rated LV fm1 W MY Mo8/9997/12897 A
Frequency 50 Hr

viector grous 1Dynd

Conditicn  Cominue aperation 10 year

A W W~ C) WS\ o=y /)] T ) I FJFy T

GTC Farameter

Power Factar

i
O Quality 5
Furan or Age 5
s
]
&

[ Tum ratio.

wlwfe[e|wlw

Leakage reactance

Core-to-ground 2
DA CfLTC &

e fw

Load history w

STC Index. Condition Description

E5.100 Wery Good
Good Sigrificant deterioration of some components

Foar ‘Widespread serious deteriaration
Very Foor Extensive serious deteroration

EEER
g

DEA Tank

—— Miedium tomperature thermal fauit

| 04 Quality

Furan or Age

Otservation
Oservation
normal
normal
Trn ratio. e
normal
normal
Oservation
normal
normal

Prﬁut
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Over All Information
Test object Power Transformer 5
Rated Power 30/40/50 MVA
Rated HV 115 kv I-HV 150.6/200.8/251.0 A
Rated LV 231 kv LV 749.8/999.7/1249.7 A
Frequency 30 Hz
Vector group Dyn 1
Condition Continue operation 21 year
DGA Tank Score
standard |EEE C57.104 (IEEE Guide for the Interpretation of Gases Generated in Mineral Qil -iImmersed Transformers)
Test result data
iRk
[ H2 | CH4 | cene | cama | coH2 | co | co2
130 l 59 71 212 2 } 330 ] 700

Scoring and Weight Factors for gas Levels

N\ -
Gas 1 %, 3 4 5 6 Wi AT wisi
H2 <100 100-200 200-300 300-500 S00-700 >700 2 2 a
CcHe 575 75-125 125-200 200-300 400-600 +600 3 2 6
C2Hs <65 55-35 £0-100 100-120 120-150 >150 3 2 6
C2Ha =30 50-80 £0-100 100-150 150-200 >200 3 6 18
C2H2 =3 37 735 3550 50-80 =80 5 1 5
co 5350 350-700 700-200 200-1100 | 11001400 »1400 1 3 3
coz = 2500 3000 54000 55000 27000 = 7000 1 6 3
DeAr 2 gpoesessT |
Transformer Rating Based on DGA Factor
" eatngcose || contion ipti
A Good DEAF<12
[ Arceptable 12 <DGAFS1S g
c Meed Caution 1s5spcarsz [0 J o M)
] Poor 2speAFs3 | sl
E ar DGAFZ3 V. <SBil
Criteria
L) value | condition |
HZ :lD(Ilr 150 13p|  normal cood condition
CHA 50 25 26| Medium Sparking
C2HE 35 10 o normal Good condition
C2Ha @l 20! 212| Dangerous High tempesature thermal fault
CIHZ 70| Ei 2|  normal Good condition
co 1000 500 ®50|  Medium Thermal fault Calluloss
€02 15000 10000 7700 normal Good condition
Out of senvice
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Over All Information

Test object Power Transformer 5
Rated Power 30/40/50 MVA
Rated HV 115 kV I-HV  150.6/200.8/251.0 A
Rated LV 231 kV I-LV  749.8/999.7/1249.7 A
Frequency 50 Hz
Vector group Dynl
Condition Continue operation 21 year
DGALTC Score
Standard IEEE C57.104 (IEEE Guide for the Interpretation of Gases Generated in Mineral Qil -Immersed Transformers)
Test result data
e
R H2 CH4 | cews | comd [ ez | co co2
110 65 [ es [ ame [ 15 ] 770 [ 2100

Rating of the LTC Based on DGA

Seore 5] .
Gos 1 2 3 4 Wi AT | Wisi
CH4 <30 30-50 50-100 2100 3 3 3
Vacuum C2HE <20 20-30 40-50 =50 3 3 12
ke C2HL <50 50-100 100-200 =200 4 3 12
C2H2 <3 34 | T a5 =5 s 1
[ <100 100-200 200-300 2300 3
Resistive C2HE <50 50-100 100-200 2200 3
e C2H: <200 200200 400-600 2600 ~ s
C2H2 <500 500-1000 | 1000-5000 | 5000 3 [
) cH4 <200 200-300 300-700 2700 3 []
sscons caHs <100 100-150 150-500 =500 3 o
whw:_cmmp_] C2Ha <300 300500 | 500-1400 21400 3 [
c2H2 1000 1000-3000 | 3000-7500 | = 7500 3 0
- CHe <50 50-150 150-250 2700 3
NEScine CaHs <30 3050 50-100 =100 3 %_
(*Im:;r:upmp_] C2Ha <100 100-200 200-500 2500 5 []
C2HZ <10 10-20 20-25 =25 3 - L 0O
DGAF = 1%
Transformer LTC Rating Based on DGA Factor
| Rating a
A Goad <
3 Acceptable 12:DGAFS15
C Need Caution 155 DGAFs2
] Foor 2:DEAF:3
E Very poor DGAFZ 3 JA6 N
Criteria
G e
H2 Goad conditian
CHA Sparking
C2HE Medium therms fault
c2H4 High fautt
C2H2 Goad condition
) Therms! fault Cellulase
coz Good condition
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Over All
Test ochject Power Transformer 5
Rated Power 30/40/50 MVA
Rated HV 115 kv I-HY 150.6/200.8/251.0 A
Rated LV 231 KV -V 749.8/599.7/1243.7 A
Frequency 50 Hz
Vector group ynl
| |Condition Continue operation 20 year
Test Result
Electrical Test
Test result data
Parameter
it Leskage reactance |  Coe-to-ground Pawer factor
[X 210 .27
= =

Turn ratio rating

Test Standard

Rating Code
A ATRS0.1% Criteria
B 0.1% < ATR = 0.5%
C 0.5% < ATR < 1%
4] 1% <ATR=2%
E ATR = 2%
Leakage reactance rating
Rating Code = : AzUNY Standard
A AX<0.5% Criteria
B 0.5%s AN < 1% 4
c 1% s AN €2% —
=] 2% 3 AN £3% = .
E AX = 5%
Core-to-ground resistance rating
ing Code: ground resistance (Mohm) | standard
A R 1000 Criteria
B 100 s R < 1000
C 10 s R <100
1] 1sR<10
E R<1
winding rating
[ Twinding resistance devistion (6] | Test standard
A AR<1% Criteria :
B 1% < AR < 2%
c 2% < AR < 3% 2
s} 3% < AR < 5%
E ARz ER Py
Power factor rating
| Rating® imum Power Facte standard
A PFMa < 0. Criteria :
B 0.5 PFmax <1
C 1sPFMax<15
o 1.5 < PFmax < 2
E PFmaxz 2
Criteria
ol KT o o OO0
| Turn ratio rating 0.3 062 Oibservation Corona and Arcing
Leakage reactance rating 3 0.3 normal ‘Good condition
Cora-to-gi d rating 1000, 210 . Msdium temperas faur
winding rating 3 237 noemal i
Power factor rating 2 az7 normal ‘Good corditan
Cbsention

IEEE C57.12.90
Deviation not more than = .50

IEEE Std €57.152-2013
Deviation not more than 3%

IEEE €.57.12.90
1000 Mohm in 1 min

IEEE C.57.12.90
Deviation not more than 5%

IEE €57.12.90
0.50%
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Test ohject B Power Transformer 5
Rated Power B 30/40/50 MWVA
Rated HV B 115 kv FHY  150.6/200.8/251.0 A
Rated LV B 231 KV FLV 749.8/993.7/1243.7 A
Frequency H 50 Hz
Vector group : Dyni
Condition B Continue ion 20 year
Test Result
0il quality
Test result data
Un = 115] [ |
Parameter
ity Dielecricsengm | mermcaitengon | Adonumber | water corcent | citcovar
) ] z | as ] 123 ] ER
Calculation
Insulating oil based on IEEE £57.106-2006
Sizef Un SE9EY E5 KV <Un 5 230KV 230K 5 UN {scare]si] wi n:uuullﬁ
] 1 =1 ZED 1 Standard : ASTM D1816
Dielecric strength 3543 | a3 ) A - Criteria 40,47,50
[evfmen](2men} 3033 ] 3347 2050 3
=30 3347 03 4|
| 7 o2 | A YNIINYEE Standard : ASTM DI71
Iﬂﬂ.lﬁllﬂm 2023 2330 =52 2, 5 = Criteria = 15,30,32
(aymefem] 1320 1823 ) 3
213 =18 220 -
2008 ] 082 0.03 f Standard ASTM D74
0030 |} 0.04-01 00701 2, q A Criteria @ 0.2,0.15,0.1
0102 | 0.1-043 2071 3
o1 I o sax X =
U _|_ R s | . L 1 Standard : ASTM D1553
Watar content 30-33 221 o-: 2 * Criteria : 35,2520
IFel s | ] =3 ) =0 *
) | =3 =23 2
213 1 Standard : ASTM D1500
== 1320 2 | s‘ Criteria  : 2
2o23 s
223 4 \
E =
Rating of oil quality tests
A aod ooFeiz o
s accesmoie 12200F €13
[ Meed Caution 13:s00F <2 |
o Poor 2z00F<3
i e | o weypor | | ouras Ay
Criteria
=== T SRS )| e
Dielectric strength 0 a7 1 b 433 rermel
Interfacial tension L) ar 32 22 rormal
Acid number 0z 13 X o3 Oraservation
Water content E = £ 183 normal
il color 2 2 2 as OEsnvation
AW’ P 7 ) 1 *Y <y\ Coservation &
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Test object Power Transformer 5
Rated Power 30/40/50 MVA
Rated HV 115 kv I-HV 150.6/200.8/251.0
Rated LV 23.1 kv LV 749.8/999.7/1249.7
Frequency 50 Hz
Vector group Dyn1
Condition Continue operation 21 year
Test Result
Furanic or age
Test result data
Parameter
Alldannisnagay Furanc I Aee ()
- 21

e

Rating Furanic or age

Rating Code mi| agevear || | e
A 00.1 Less than 20 p
B 0.1-0.5 2040
C 0.5-1 4060
D 1.5 More than 60
E =5 z

score ~ (GHNINEANN

normal
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M1919A %% Load history

Over All Inf
Test object : Power Transformer 5
Rated Power : 30/40/50 MVA
Rated HV : 115 kv I-HV 150.6/200.8/251.0 A
Rated LV : 231 kv LV 749.8/999.7/1249.7 A
Frequency H 50 Hz
Vector group : Dyn 1
Condition : Continue operation 21 year
Test Result
Load Profile

Test result data

Load Profile
Test tranformer Si : Monthly Peak load (MVA) Shi: Rate LD;‘:"?Z;"“S&‘"‘“" Si/Sh (N)
3 30 1

7 Calculation “

LF Score
Rating SUSh | i o
A <06 N
B 06<=1 I~
[+ 1==13 | Do |
D 13e=15 | ot
£ =15
Score LF
LF rating
Rating P Load factor Condition LF
4 F235 & !
3 25=sLF <35 pauduls
2 15 LE<25 AzeszTy
1 05:1F<15 i I AXY \
0 LF <05 [T
Rating
Continue operation with observation
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Power Transformer 5
30/40/50 MVA

115 kv FHV  150.6/200.8/251.0 A
231 kv I-LV  749.8/999.7/1249.7 A
Frequency H 50 Hz

Vector group H Dyn1
Condition B Continue operation 21 year

Rating of Global Strategic Impact

Rating of Global Strategic Impact

Safety of property and persons
Not community

AzUuL

Global Strategic Impact

GS1 Index Description
85-100 Very high risk
71-85 High risk.
51-70 Medium risk
3150 Low risk
030 Very fow risk

m'moagﬂwa GTC

Test object  Power Transtommes 5
Rarted Fower 3040450 MAVA
Rated HY 1115 kv WHY | 1505200812500 A
Rated LV =1 W WYV 88999712437 A
Frequency 150 Hr
Viector groun ‘D1
conditicn +Cominue aperation 20 year
N7V A NG /iS5 /77 ¢y VO Jy 77

glo|mw|oflwlaole|afs]s

Note
Tk ‘out of service ‘Spariing Therma faut Cellase
Powes Factor e
04 sty Dtmeraation Acid numibier, (8 calor Over Limited
Furan or Age e
e ratin Ommeration Caruna and Arcing
normal
[ winding remsl
 coretoggound Omaratian Wecum temperature thermal fadt
T e — T —
‘Continue operation with chsenation ‘High Peak Load
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