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ABSTRACT

This research aims to present a new technigue using discrete wavelet transform
(DWT) to classify between external fault and internal winding fault in power transformer.
Fault conditions of the transformer are simulated using alternative transient
program/electromagnetic transients program (ATP/EMTP) in order to- obtain current
signal. The DWT is used to decomposition fault sienal of different current. The coefficient
from DWT is used to analysis and decision algorithm for discrimination external fault or
internal winding fault. In-addition, that use support vector machine (SVM) to classify fault
of power transformer.- Accuracy acquire from simulation are compared with decision
algorithm. The results show that the proposed technique is able to discriminate fault of
power transformer and gives satisfactory accuracy which SVM gives the most accuracy.
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ArsfAnUnAfiAndy ﬂ'sjuﬁaa&ﬁammaawmmmﬂixLLaé’mwﬂmma [111-[27] dwmiu
gunsaldanseualiun Siadnszuaifin (Overcurrent  relay) Siaduwuunasing (Differential
relay) uagsiadtosiunsziaiansasasiu (Ground fault relay) Husu
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AC circuit Breaker (52)
Instantaneous / Time Delay Overcurrent Relay (50, 51) {
Residually Connected Ground Relay (50N, 51N) L5l
Transformer thermal Relay (49)
Neutral Ground Relay (51G)

Pressure Switch (63) i o
Differential Relay (87T)

22 kV

U 1.1 Sladdasiudmiumdeudatinsiaguanlvg) [46]

ixwmiﬁaqf“fu‘uawﬁaLLanlwﬁwﬁﬁé’wmm’Lmﬁﬁmmﬁﬂﬁiaﬁaqmasﬁmm
samdrlunsieude nsldsiadtiastunuunasng (Differential protection relay) uis
Joatuditmunreuinanisiestuainiaiesianseuadiulgund (Primary) Sua3esiansua
AUyl (Secondary) Jzfnndumuiaundiiistuiuniioutasiwihidilasiowy
'%'Laéasﬁaqﬁwmaa’wgnﬁ’famasﬂm?qLﬁammﬁ’umamﬂlu‘uauwmﬁgnﬁmumlﬁf dloiin
waaﬁ‘ﬁﬁlusswé{aa:‘]ﬂ'rmmwwgﬂl,l,uwadwgaﬁﬁLﬁﬂﬁuLﬁaLLanLLaﬁizw’iWQWQaﬁﬁLﬁmﬁu
Al (ntemal Fault) wieweasiintunieuen (External Fault) vassusiouuadlni
& nefisiadaedmivlunn q nsdvesweadiiiintuniely (ntemal Fault) uarazdes
vy (Block)  Tunsalfilailavieadfiintunielunieifanszuaduse (nrush  Current)
Fansruaduivaziiangs 6-8 WIUaensLHaR g 1T IS W UUNERINTEUAYI NN g



[

uosTuAnveaddu suidelaevhludruunagyinisuenreanniglufunszuadusy
Faapimsiiasgidionisulasimidn deansuvasnvidaduguiuunisfauimain
mMsulasyiFes Aeauisaideuwiumisuazivusaiunailunisinseilimneiugag
audiinseild vildnishaserininusasanntu wu [141016) Hvidaly
MsiAssiifloutanennssuaduivuazneadasluvdoutadivih (14]  T¥n1sdaes
wiouvadlwihanlusunsy EMTP uarldinisudasnvidnieinssidygunseuananis
filfannssians ﬁl'}ﬂﬁuﬁ’lmﬁmiwﬁﬁmmmnn 9 1% lgiAa w30 10 ms wagulAn
ﬁuﬂazﬁwéqqqﬂmaqmiLLanmﬁ‘Ui:n@ummﬁqmﬂaﬁ'1 filganmsuvasanidaluusazads
1dnsdusErisaneunthituAtagiy frrsandiuveaialamanisdangininma
B 2.5 wh wanviiAnnszuasuituLAddasas e mniauanstuiialndiApeiy
wazliiiundi 2.5 wh uansininneastunielumieutas ludiuves (15] tuaglddnsndn
yosmdudoauuduysalioogiu (Median | Absolute Deviation : MAD) 99nn1suen
peAUsENRUATIRGIEINGT 4 AadinsuenadAUsgneUAmLAgaang 3 iildgegaunnndy
1 AuandianTzuaduivuaniiagagaies 1 ﬂ"]Laam'i'lLﬁﬂwaaﬁmﬂwﬁmmaa waY
[16] 'L'*umwamumma&miLmﬂaaﬂﬂiuﬂaummamamaw 5 mmwaqmmmumawmmv
aﬂwmummummmammmmmmWaamma’quaLLUm mewa&muimuaﬂwmwawuua“
anasluvany 9 adaansininniguadusuty annsanwalunate 9 9uise I@UMIU
mM3TaTgimeinsulanaidnagyiinisuenasduszneuanuiesnidugsainad 1-5
L‘Wi’laﬂﬁﬂmﬂﬂdﬂﬁﬁmmﬁmﬁlﬁﬂsﬁﬂ’a’lmaﬂLﬁUULﬁ@WWﬂ%%MSLLUaGLUWL&@L@UM?M@Q‘E}’@H@
monmsiifamesuuy - 2 desdygrmunisweniuludnwuglasaiiswuusull  Taely

(7

3 | a0 o - a & & a a o
aﬂlﬂﬂml@qﬂw‘w‘luafJUﬂ'J']llﬂm']ll']'ﬂ']ﬂ']'iLLﬂﬂﬂ?qﬂJﬂaﬂﬂgﬂﬁjquQ VWINENAAITHHNALWEUUB

<A

s

dynaszdmanuugnlasaiiesiuly  analalunsilasieiandutszansildainnis
LLUENnwLﬁmﬁwmﬂwma‘gﬂuuuﬁmﬁ'u%ﬁ%ua;JjﬁugmwuL;azﬂizmumﬁmi’wﬁma&mas
unay aeuaslainsuawatdavaatlynnussaeg (Artificial Intelligence : Al) u13Asen
SfuiBnsiiugiuing 1 deduamsalumsihnssideyaiidaududouFudousing
AnswnmgismensIsasuuiasiniuisnamalygiusshiug [41-[10] v3a35n373Tnvun
vaanszualninniuIsnanadygsehvg [22)-[27),291-[34]
AEnsmelyyussivglagniiandssendlivateguuuumeiu A5laTeng
Uszamiiion (Neural Network :NN) 1fuisuilsfigniunldegnanienng msieiiszuy
mnuAniinsvienludnuugadeiuuyed  dnidedmlwiiidedaiuuafaiussgnald
Tasatnguszamisadanuidgwiisatulniidmanedgmideduy Wy Jyuilvan
IWad (Load flow) [28], Mswennsaianu@eensllwiln (Load forecasting) [29], Uaywanas
Prelvanat1aliussdnsaim (Economics load dispatch) [30] wagnsulauenussinndoya
(Classification) msuisuendoyatiufunisirdeyaiildannisiiszidieisneene q
TislaseussamifiouisouiuasiinisutsuenUssanly delddnsiunyssynaldsv
M5IAsIzdALRans Rt uRunsauladlvin (61-08], [22)-27] Tnet (6]-18] Wunisti
foyaldainmsnnvasunfaiogluihiundenas 06A)  Tnsazldmnududuremfa
wiazs WudeyaduwnliiuislassoussamidisniiolilumsiBeuiiaguvsusnyssiam



vosdeyasioly Faeiidnuvastuienty [221-127] udesdsutoyadumniurduyssansi
Ignnsulasanidn Tneislaseneyssamifienfidaliisnnsdoslumsiinseidn wu 38
Taseguszamifsuuuuauiagiu (Probabilistic Neural Network : PNN) wag 33
Tasatheussamifienuuuunsanfoundu (Back Probabilistic Neural Network : BPNN) 14
apsifaideiiunnsieiu Blaseneussamifsunuuamniandu Wunsieswiuuudeu
Arludramthesyilidimsgideyaldsanids undideyaiinnududaunineraiinalay
Annanald widnfuislaseelsramifisuuuuunsidaunduazthamanuiawainildain
nsiesgilussunsnulsuuslanazdouandudnluing asvhlviaanuianainantosas
Foiliszasnaiameiunuiu waruenandslaseieUszamifieuudi8ell F3nsdwwesn
wesuLTTY (Support Vector Machine :SVM) [221,[311-(34] \udanesfiunia Aldlunis
wislssinnvastoyailuvdn LwswsﬁﬁugmmmnmmﬂﬁagaL%aLﬁu (linear classification)
SwfumsiSeudiiedemdnnguinisideuinieaia (Statistical Learning Theory) woufiu
nufinsATingay (Optimization Theory) Fwwasanninesusduiiofulunaadu
wramsnthyldudlsdgmndanadudeulidiudadulilasendonisuuasdoyaluddn
Uiginieiiidnutiannniuaulaeifoieesiuailaidu (Kemel Function) vildudle
Haywildinededu [32),33] L‘TJumiﬁwsﬁa:ﬂaﬁlﬁmnmimsnaamﬁa’luﬁwﬁu (DGA) i ndu
Sunvlvidudmwosaianisesusfuiiornisud wendeuanmsiieweasniglundeulas wie
34] Wunmsdayanldannsuwasidmnlfiiuduwliiuldiudameinnnnesuuedu
disldnseuaulene Sadmnduneadnielundoudadifiaddaaneas malildsiadl
Fowhan e uanansefinanesiansisnislunssuaumsidsendeyatiy e
nmsAnuilTeuiieuanugndeshunmsutsendayadielassiieszamiiisuiazdwwesn
nnwasuuyiu Tnsuanididwnesmannesuueiiuagliaiiugnasaudugigeniilaseiie
Uszamiisy wulusnuadleeans [35]-[36] N13wdu [37] M3en1uvesiningsyl [38]
Matignneinannes wdudafidanasafitneidesufuanldidalidnnein
nnwesiisuuuumngautuieyaunniign 34 [391,40) IHiAsmAmunzanigauuungu
aunIA (Particle Swarm Optimization: PSO) iandaslumsuiaminfimesvasinnase
nnnoiundu elimiweiildtiaumzayliianswdeyatinduittiiuly
(Over-fitting) mems‘v‘h’l,ﬁl,ﬁaf]auﬁwaﬁaaﬂamaauﬁa%’aaﬂanimiﬁ’;asjml,é'wzl,ﬁm@h
AAANAIANIN FaRgiEnvileisiestaelunsuiudmninesve e sninineslnd
Afmanzaude %umau:i“ﬁ'ﬁu‘aﬁuqm‘m (Genetic Algorithm: GA) [41],[42) wsaeaigidu
wadianslygruszdvgdnogrmiaildlunisdum iiuuseandaim uasiSoud (Search,
Optimization, and Learning) MuNSIEEULUUNGWANITIIAWINITNNGTINYIR N5
vosisidaiugnIsy  (GA) ldn1sdassligmiviegluguuvumilovd«didiniiusznause
laslulay (Chromosome) wazdiu (Gene) nisdummadwsvaslgmildnssuiunimaiug
mansusnause nMsduiug (Reproduction) n1snaneug (Mutation) nsianiuaeuiu
(Reproduction) wazn1sdadanyszung (Selection) 3¥msmaiugmanfivaniviiuiii
USuusaseansanngunisgdnfuniiaiielviegsendeanmwindoniiddouudasly
dudEmeniifgauuunguounie (PSO) livdnnaAnssuynedsan nmstdeudnevesiunie



UaniaAumeIms 3’51}1’1%}'7“ﬁqmLLUUﬂ&iuaumm'L%'wﬁ'ﬂ*’uadm‘nmuﬁamﬂu'i‘UUixﬁmﬂiﬂﬁw
FBBaRugnITuLAIBMAARgauuUnguaynafideiiiaunitfinisutaliudoyasening

q
<

Ussrns Wudeyaildsuiuiletiglivssunsfummadwsuazudtaymisenisldedis
sty wandeandSidatugnasuiivsrrnsfesudeduiuiioAunmadwsuaylif
msutsiudoyavasianianisdumnadnsvestigm Jaflewdde (931044 Adnw
Wisuflsunadnsvesnnugnaautuglunmsmaneulaenisly I5deiugnssuuagism
Arfirgawuunguoya danuitymiteiduniseadinaians (Numerical Optimization) Lite
WisufisuaiugneesuazausInslunsmAiney Naa'qﬂ'iﬁ%mrfhﬁﬁqmmumju
sunIadAugnieaazTIasInIIBugnssulumsuilelgmilsiduniadameans

nfinaneuddefefunsoulasiwiideszdseisnisTanssualninee
wWufinisuvsnenveannnelunilewvasiunssuasuivvaviioulas Fadlenainfaneas
melunioudawdrdaldlétnsiaseddaluindunoad meludurdalanioinfivaain
Tnuvomsioudat A5msnieasunialutituviondas (DGA) ansautsenyssnnnTs
\aveann uluntiouvasls LmhjmmmimﬂﬁdwLﬁmﬁmﬂmmlmawﬁawm LAYAILAIT
naavasuuialuiniumisuuaadulufennugsen wayszdosiindasdielunisusnufa
FaiulusudteiiseiauaulafesAnunsudsienussiane asiint unelumdouyas
Tiinda - dredsmsanaiansvualasldinafiavesnisutasiwida  (OWT) 3Asesing
ps1aTularusLeNUsTAnYRsead Yananid ldinsimmesannesuuedudundaely
msudatenyssinneas TnefinsusuAmisiwe fusdnneinnnmesuusduseismend
fanuwuunguayna (PSO)

q 1
1.2 IQUsEaIALELINLIMNIEVRINITAN Y

1) Wevhnmsiagiuayns1dudygraneasiiintunisluseainvie
waalwih logasduselovisnannmissnunisasniuussuuledny
i Qs fa a g{ o 2/

2) weszyUszian uazguluuvesdgygiuwaanninaauy Tagagvinlu
dnsomianneadlaegnesiniiBusdisasmiudsme iy

3) essyUssaniifaneadmeluseaiaviloudasniaziivselodly
AIUVDINTYOUUNF

1.3 AUNAFILVDINITANYN

mmaaulﬂmau:umﬁm«uaam'ﬁﬂﬂwﬂﬂamaawqummimaqazyﬁymwgamﬂa
lefiveadiintusziimaudsunlametesdlsy NAUAIILAKINE Ll,mﬂawmmﬂawl,mmu
agilmnuduiusiuguwuuveaend T,WEJSUE]i;uJa‘U‘ENﬂ’WiLﬂaEJ‘LJLLﬂa\‘JULQJEJU’TﬂTiLLﬂﬁﬂL’JWL@G]
WUULANIE (DWT) m’L’B‘Lumﬁmﬂ“ﬁﬁ’mmmmaﬁImaﬁ']miLmﬂaqﬁﬂimaumwﬁaa
(Detail) LLa“’@dﬂ‘UﬁuﬂQUﬂ’ﬂuﬂGﬂ (Approximation) wa'ﬁm’lnmﬂa&JuLLanm’lwa’]&Jama
w3onansv19A Ui mﬂuuuwauamlmﬂfmmsuﬂauaﬂmmmqmm Wiitonn3s
m‘sm'mﬁmmammuaiwNaulwwu,amhym‘vmﬁmﬂwaam Aauinteyaain



nsuwdasnidayvinisuszananalagldndnnistygiusshivg wafldainnisiasizi

L4

ﬁgﬁﬁaﬁg‘dLLUU%QBﬁ’]M’\L‘LJ%HULﬁﬂUﬂ’J’]&JQﬂéfﬂdLLliHET’lIUﬂTﬁ’-ﬂOTLLUﬂUi;‘ﬁLﬂWWﬂﬁﬁ‘ﬁLﬁﬂ%ﬁ
meluvaatansautasinily s1iddedviaveidifunisiimaianisulasiidauas
YyauseAviunvszgndldlunisiinssineadfiinfundouuadlniinids iielilé
WWIAUANFY wuvlmilumstestuniensivasuauiiansosiienaiinduiumioudaslviin

ANa4d

1.4 YaULYANISANEI

1)

MMsTaesdy1measn g TuLuUIAaIAaA19TAINY YAAINAAIRT
SENINNTOU havaeusnviauwUaslniiiAndenelusunsy  ATP/EMTP
LﬁaﬁﬂmgﬂLL‘U‘U“Uaaé’mumwm‘uaaﬂszu,awaaﬁﬁmnﬁwﬁ’uﬁwm 3600
N5l vesvdawvaslwihndsyuna 50 MVA %ila DY1
VT’lﬂ'l'iﬁﬂ‘l?}'lE‘lJLLUU"ZJENE%JQJ)EUJmwaaﬁﬁlﬁmﬂ%umauﬁ 1 Taglgnisuias
NWERLUULANML8(DWT) vadlusunsy MATLAB Lﬁ@%gﬂiwxﬁ%’auva'lu
nsnsIaTuNBad
ﬁqmiﬁﬂmm‘mﬁmaﬂﬂsxmmwaaﬁﬁ’aamia%’wL'ﬁaulwimUiﬁﬂagaﬁlﬁ
NNITHUAILINLAR
nsAnwn1seUswenUszLaneans 183510 sUyyuseivgaae
%’auvaﬁlﬁmﬂmswmLQWLﬁmeamﬁﬂ{fwm%mnmma%um%u (SVM)
vodlusunsn  MATLAB Huwrdesilalufindeunasiineviiiessy
UsziammeaniissunelurnanmssuUadliiiings

b2
1.5 YunaunNITANE

1)

2)

miﬁnmgmwwaqm3LL“JamWLﬁmﬁmmzamﬁumﬁm'ﬁwﬁﬁ’mvfym
AHANTDY

#anassraosdygruauianiesiuanaiady 3600 fegrelag
TUsunsa EMTP/ATPDraw dususmaiiansosisnisluuaznneusnmio
waarua 50 MVA wanidyaaanudansewviinisulasiniae
wuuwimLe Wehinn i siasssylssianauianied
Anwinisulsusnussiannisinnearlnsnisaiaioulufeteyails
Pnmsuasmdalnsazsuisdeyadiifie yndayaairadoulvdiuoy
1800 Foyayadeyaiilimaaousuiu 1800 doya
AnwinsuuangnUssiannisiiareadlagiSn1sdunesananauustu
wazuldienunasinisssylssanauiianissweausayszuulag

ruUstoyadsilfe yadeyaiiniindiuiu 1800  deya yatayaild

U q



5)

6)

VAADULNAIINIYYUTEANANAANTDIT I 900 Toya uazynvoya
nsdifinw) 900 Yeya
ﬁmaﬁlﬁmnmsisqﬂismmmmﬁmws’mﬁaaaﬁ%’ms yd3euiigy
ANUYNADILIUG

AnssvinazazunNan1snaaes

1.6 Yszlavuiarninazlasu

1)

2)

3)

dinUszaniamlunisieseinisduunussiananuianieslussuy
Adslwishemsuszgnaldnsulaslidnuazdnneinnnneiuuyiu
ansathzdutunsimsesidgaauienisulasavidnuagdwwoin
nnwsswivduliyszgndldiundnnmsvasseuutosiuuuusingg 1a
Emmaﬁmeﬁé’mucgm’lugmmuﬁuq Fnstuluszuulninddald e
wniihuuselonidmiudnide sesiauledug tiellumsinuideuay
Wasioly



mifouvasinihgnusngnudniud a.e. 1885 Wuniuasnseuaaduunadinuuy
unundndeuaain (shellform transformer) siilseaniuldmunduniiouvadlviin
nszuaadu 3 e JadugaiFuiauilassievsssyuudsinelnih anudesmsidalnin
gaunnanmaiauTlugammssy 1920 Tasshedsinsrunalvggnideuseriiliuunnes
nszuadnIvasinuddyfunainvemsioulaniesannuansenunislauniia (dynamic
impact) vesnsruadasssuiuiilverfisamesuasysiadems frungunsaliieatue
yhlmdnmasluiiviensaualinduld gunsaituusnlussuutesiumsiouvadlinde Find
Feuseiustulud a.e. 1890 Tagwineesdu lumsdnrninszuadamasidediesinga
Thdasinuidlenseualyinluiuiifiinasniemnssudlwiniidaly fadiidinisvihauides
vosnszuafindld drdnsduidsinihanaglivangan fallnsWanngunsaldansasuay
e

2.1 szuunistasnundendadlnia [251047]

Siagtaafu (Protective Relay) Ae gunsaimdnluszuutesiumsugunsaii
Wlunsnsadvanuiainidiatugunseilwiuazdnduinezdmangunselliiniiie
Jnpmeananszuulwiilpesnielilvigunsalifianndoms. Siaddeatundoudasi
AdsiildlutaguliegiefunansuszandsldSumsooniuutasiamnanlinsautunis
Uasfundaudaslwriasdudagiu satunsleudasiniiirdusazuuudsisududesd
gunInlmiloufiu ﬁ%ﬁﬁuagjfTummﬁ']ﬁﬁyLLazﬁuuwuawﬁame

%Lae’im%ﬁﬂaaﬂlﬁwmaﬂianwﬁuagﬁ’UUizmmaamaLLEm PINLUIRUU TN
‘nmmwsmﬁ'vmmﬁmJﬂﬁﬁLﬁ@%ﬂﬁ%aﬁuwmaﬁLasjmm'mt,ﬂﬂaanlﬁ 2 wflalug @
JiadtasiuBena (Mechanical Faults Detection Relay) uagatadUaatudalniln (Electrical
Faults Detection Relay) ImaﬁgmmumimifaﬁummﬁmﬂﬂaLtﬁazwﬁwﬁu%ﬁwﬁﬂmmas
Bsiuandrstusenlunuinguszasdlunsilldau

2.1.1 Ns5a5233uneanildena (Mechanical Faults Detection)

Wussuutleafufiondedygramadang wu erdeufaasuinielundounvas
wieorduaudou Siadtestudanasenuuulidmiudesiullgmiialusvioula

1) Siadmudou (Thermal relay) Msnsradunudeuvemiioudandudsdniu
Wiandnidssnsidenaninvamiaudasliin g‘uLL‘U‘Umm%’aummmﬂmﬂ%ﬁ'aﬂaﬁuma
Aanszuaiiu iosnmsldnioutadiihlfesnsiiussavs awsassasliinissnelnaniiu
Yfouiiap

2) yaleatiiad (Buchholz relay) Wugunsnifusniilinsiadunasanszualuin

wsgsulni Mdslvihanszduiiviuueu gunsalilldnisiaumsnalunisnsiafuuian



Aaluisfundiouvas wé’ﬂmsv‘hmuﬁﬁa Fefeadiintuluniiouvanndsdaaliin
N19975A wmﬂmwmauavamu m’lmaumnanawamd 350°C ﬁlam’lmamamu
(Insulation material) ‘VNLL‘U\?LLﬁ“ma’J 1y u'muwiaamun'i“mw L'i;JLLmﬂmaaﬂLLavmmLUu
whadnlWaonule LmamﬂanuavaaamumuwuaLLanulﬂauauaamauumawmauﬂaq
'Luaﬂwmvuaﬂ%ﬂiaa%ﬂaamuauﬂ'mmwammamnﬂﬂuumnan uddsdsdyayradliiun
andinnau (Breaker)

A Buchholz relays in a
separated expansion tank

Bk {,

(i

!, U
By nrss v

9 i

JU# 2.1 sUuummmumwmﬁﬁmﬁ’ yAlsatsiag [45]

Buchholr relay, SSW, 1927

31]'17; 2.2 yalgadsiad (Buchhol relay) [45]
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2.1.2 M505993uneandsln (Electrical Faults Detection)

NsdnasuioneanAen1svuIunsvuariidufivTularusadulniasiia
anasmsUAsuulamesnssuauasiasull avdwmaliuiinadudsuwamun Wy yu
aveINIEuALAZLIIY  drulsznevansueinuazauivesszuy ey nsvineues
Sadlostudslnihdy wlivsinaliihmadidudyyaitedliuniad

1. nmsUeatuniseiiiu (Overload protection) szuutlestuiiad erfurinssuad
Wuamsnnm Jeuldunsiad Lﬁ@lﬁ%Laédaﬁmmmﬁau (ALARM) %3aUani9asdnnauesn
YodfigyTailogin Sadnsvua (Current Relay) ¥inil R]“Gl@\iﬁ’m’ﬁaLLUGLLEJﬂﬁEUQj’]ﬂJ‘UUWl‘WU
JunszuailiAnaindmsesvionsuiiuiivnuseenlile ﬂJQu‘LI‘LHJ“’IWEJULEEN’&EQEU’MHLG}BUE)EJ
nasalal taeunfniuun (Setting) 147 150% VDIANINFINT0FIEN (Maximum capacity)
yaamauaalnii

2. mstasfunszuaiiu (Over current - protection) &5 ifietlasfiunsdnieas
mouenlagiawy dwdunifoudadlmiruwmdn  seldsiadvinitoetumnsdingaiees
melunazdmeasnsusning Uniwadeini ssvhminidufessiaddses (Back up Relay)
dmiuiiadulianszuananie (Differential relay) Tunistasfiunisdnisasnielundoutasmes
wﬁaLLUaaﬁ"ﬂmﬂLLa“Lﬂu‘%Laéﬁuﬁﬂuﬁm%’umié’mwsmauaﬂ

3. nsUsanuuuuRan1e (Differential protection) LﬂuﬁLaaﬂmnuwummhaa
(Selectivity) (InevhluagRndatunioulasmiiauiamindy 5 MVA) mwmwﬂamumm
demeluantiaatufemudsmeiiintulusmioulanyity sutusvedaddosfuuuy
HARNILAD IR NLEY iuwmwgmmmnmuma'lu (Internal Fault) waswaasiifiniuniguen
(External or Non-Internal Fault) ’ﬁaqmwnaLLﬂaa“lwaaﬂIﬂawsLawuaqmu"l,uwn 9 NIUVOY
WoariAndunaely (nfemal Fault) wazazsioalaiyinan (Block) 'lunmw“lﬁ[mﬂaamwmﬂu
melu vdnmsianuessiaduiiag o ATINABUAIIMUANGNY (Different) YINITLATLTA
Wuay aaﬂmﬂaﬂnmmmaﬂmnuaa LLmummﬂn5‘“LLamuﬂﬁmuLLaumuwmanmmmﬂ
LLaumJLwawmanmwawvmﬁmanumawmmwmawawsana:mmma‘s (Vector Group) fatiu
maqma‘mjamJaaﬂﬁ.vLgalwa:ymmwaanmmmmwnannulm WuntonUasivnalnsefuwuy
(OY1) vzspssanilonlainssuaiuy (YO11) Lwalwamiymwaaﬂma’lmiﬂwﬂamulmﬂﬂm
nsvuaflvaduaylnaseny gvinauiulugud wmnifinauiansesnielunszuanasisaglyl
dugudthdaritiadimualy Sadesimihiidnieesesndainossivun (Set) Tiuszunm
30% ‘uaqmuuawm (Rated Current) v9331a8 Lﬂumlua@mrmn azfoilulinnsdnieasiy
aUﬂimuu mamm’imnwummmnﬂamsmmwﬂsuuamqmumeuamaummum‘um
mmmammm ilesnfiadeiatinnssuamnanvsieulasnszua (CT) s 2 dwuves
wifouas Fadusumiwemsioulasnssua (CT) Fadusivunlou (Zone) uagviauves
Sia¢
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Transformer
(DY1)

la — Ia
ladc — lml.. + L E| I
,J‘m Ib_ 4—
Ib-la = __]m'[_ I
el S| L ]
ledb —P> =y © -

Tl 2
la-le (1)) —p Restraint Coil <— lac (12)
Iba (11} —» <4—I|b-1a(12)
Icdb (11)  —» <€—lc-1b (12)

<|> (I) é Operating Coil

JUN 2.3 ndnnnsvinuessiaduuunasing (Differential relay)

manguiluanngdnfmnliiinnnuiansssiumiouUaudanssuadinin
s (1, =1,) sxlidwirdugud wilumeufdfudegluanzunfisnszua
(1, - 1,) onadidalaivirfugue ilosnnaavasmaufinnaiafldviaiuvesnsioudaq
ASLAT IAB I (Current —Transformer  Error) hagiumuaupIunuynaIavsowlas
(On-Load Tap Changer) asiinalifiinseuadiuanviislvanaiiaddoiu fuhuialsiings
T¥unaandu (Restraint Coit) wndudndausanlumsdndulalunisdaaning unums
Rnsnudnszianarsegaien dilduansliluguil 24

nespausi i MRnn
¥
AIHARTAARDL TR CT

o~

/ RARIRAREW
/ ANIEHEEE CT

HTHAR ]\iﬁﬂni:uﬂ‘ﬂﬂﬂ
[N

AONPRIALAAEEYN |
Lirumisntnsanannaginieiny

..... —y " PRI, e
AAMPRRTLRINNITUARI W REMAN
{Magnetising Current)

dadauveans

Fad navoanizuod v Restraint Corrent donsznafiin

U 2.4 pudnuuzmsyhanuvessladuasinidosay
TunslSeuieunadianssuaagldvannismunguoadsvaenil  (Kirchhoff's
Law) Ainamlimasanvesnszuanivaitwieluasonainlun (Node) adaaiianfugud
Aanszuailnaitwielnasenaniadesiuazdesiandugud wifoulasnszuamaeduygy
nfl (CT1) wagyAegd (CT2) asainnszuaiilvaduaginaonaingunsaiiildsunistoatu
Tuanmzunfdygrunszud 1, asfesdivwiamiiiuiu i, ﬁtymﬂmﬂithaﬂxﬁaaﬂﬁﬂxgﬂlﬁLﬂu
Ao ndrliiuTiadwuunaniisihuunainyiau (Operating Coil) Tufigmaiinssduiy
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ﬁ'ﬂﬁgé’mmLm'mﬁﬂﬁz‘]ﬂa%aﬁuuﬂiﬁummFhwamwaaﬂsw,a%qaaa (1, —1,) &Iy
nsvuanaansarlunaniuwnaIndu Restraint  Coil) agiAnusafilAn9 nau L nEnYDs
AU (Restraint Coil) a¥uUSHURUATNATINTRINTYUANIADS (I, + I,) WINWsaTinann
PAAIAYNITUAINITOLDIVULLTITINTENINVAAINMY  Tiadesdanuliuanisasean @
AEnTRnsYhudinanansauandldfanwi 2.5

vAnAR UMY

i N

LYYV

1 1
.

WAnIANI
Juy i

wianyna I

i “ J L\y Iz

—=—ia ——
EHD—~

Ui 2.5 195tpstuntianaildnanmsventssiudnaninssua

2.2 mMsuUaatavlan [20),] 26]

msudatmdndugunuunisresnssuiunsuszananadyyia (Signal
processing) wlmmmswwmmmnrm'LLanammmwumwmmmu (ﬂ’liLLUaﬁWLiﬁl‘iLLaum‘i
LLUaW\ILSEJ‘i?j’Nau wabewaiun UsUylAdiaamuay aunumﬂ‘tmmawn MenBetuiie
mmmﬂwnﬂaau’mna1'Lmvlmmmjfaammmmmﬂm“lm Imawammwwmmaqwuuma
aunatlumsitessidosadusmuedyynnnuimasitaaunantiumsinsieiniie
I

wqw,ﬁnwﬁm (Wavelet Theory) 1dugunuunsadinaansildofurelassaiiaves
izuuﬁmwmwﬂivnaumanamaqargrgmawﬂvmsauﬂumuammmwua Tmaammmawwu

@@
[

UGJ“LUUF]auLaﬂ"'l%L‘i?Jﬂ’J’i “Litdn” amsm“umL'aWLamﬁJvLﬂuﬂauwum'ﬁmaauuﬂaqamq
AaLllas (Oscillatary) muLLu’JLmuuauuawmmaqﬂauamaaqﬂuammamumnuasmuav
agTISIAgUN 2.6 AdunseSuiedygale 9 dhenisudasavidnfanisiinguues

& A Iy fo AV & o a o fu A& Y
nldenilassairananiliduneafuduineluie dalsiduilidunwidasuiidedisenin
“Llldnwi” (Mother Wavelets) lasfindunvidnusazsulunguiinainnisaina (Scaling :
a) vaaumsavsenafvesnvidnudiiuies wazn1sideuduvis (Translation or shifting
k) adunsdsusiunlsuuununa

AR
Vvvv t

JUT 2.6 uansdnuuzeIndunldauuy Morlet
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[

v a v o ¢ o ' - v € € &
ﬂ'ﬁ:w l//(t) L‘LJUWQH‘U"LAL’ML&@LL&J'{]SL‘UEJ‘lAﬁllﬂ’]iLLaﬂ\iﬂ’J’luauWUﬁmmWﬂum’mﬂ AU

R UL .. ;") (2.1)

oy

w (1) Wuisidunvidaudfiimsuudsuanataziuddlaewsimes a way
k mua1u lnennidaudaziinisiasuntadneusluaunisiasuuaweri a uay k

nsana (Scaling @ a) MsiATERNEnvzuandliiuiaauazIuInYes
dyeyiunisaina (Scaling) znanefanisualdn (Compressing) 13an1sveneaen (Dilation)
Feagld “a” wnudewiniiweivesnsvievengdesdunisdsumuivoniniEeus
Thues visonaden “a” dudusausenouaunn (scale facton). Bediusznevauatiasas
winla nmﬁmxgﬂﬂué’mmn%uwhﬁu WoRarsauvidnidiiusenauwansnefugy
Usnnganuagfatandlugui 2.7

A

r 1
Yn> a= 0
20> a = 1—

b 2

Yw> a =1

1 | | |
I

JUN 2.7 uansmuantinisainavasilandurniwidn

Nsidous WL (Translation —or shifting & k) n1siaauduniweInidnayi
AmmnedIe ) fe madeudyyradunadamansdinisidouresileddu Yo fe k 9

REMINete N15A0u
Aunualag @i

wanslalag Wit-k)  msideudumisagimunlaewsiiwes “k”

° | a o A A o o
Aunuinsiinadunwidauuuny Weiansuniwidnidnisideu
- 2/ e -:-i'

#sanlanaguin 2.8

%
#
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[\ Y (t-k)
A\ s -
V'V

JUN 2.8 uannuauiRnmsdoudiumisvesileidunidn

waziilaundygalag riunsudataidefiuioviaiiounsuandmyayioiy
" § w talal o | o | ) P
ponuagluyuesiaidunidnudinidunimniiiauazanaiuandatusenld lagd
LWidausaysvziianiminWeight) Aoy BaguuuvlunisuannszaedygyaiiBenin nns
[ e s o @ I
nszaeLvliein (Wavelet  decomposition) ssuansegluzun 2.9 lumanduiunissiungu
1oNdALAazdnIUsEnouTuludygraduiiniondn n135unduniEn (Wavelet
7, = e [y [ s a
reconstruction) FInABANTHUAINAULINGR (Inverse wavelet transform) dauansaglugun
2.10

i Mg

§— -”\)V—
i ar ar o =]
UM 2.9 uansnsnsenedgnadnamenisulasavian

Signal

V\ﬂm

ge

JUN 2.10 uananisadundudyindenisulaannibe
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nsulasvidnuuuifiuviie (Discrete Wavelet Transform : DWT) ldnwaznis
inszilasdsuainauaznisideusumidudnuasduig  lddodlestu  Tasiduns
'3m3’13ﬁ§1’§ggg1zu‘?immmLﬁaﬂ?ﬁummam%ﬂﬂlﬁ Tnensihdyeadn o fissduan
axidon a B9l k vane 9 sumbsnsuidliifedudygiadssfuamuandeaiidenly uay
devdynuinnssduamuasdennsuiuieglidyyindunmaie

‘Lugﬂu‘uwmmﬁmesﬁ‘wawssﬁummaxLEUmé"ﬂﬂEJﬁmsn,Ué"auLnJaqaLﬂa’Lu
manTeilianasnisas 2 Wi (g, = 2;5, = 1) udalFsuuuunisuvaanmidanuuiiumiog

FaflfaiFunannzin dyadic wavelet transform laesiaunisnlgesuiesadeluil

DWT (myn)= JQTZ (k)v[ qmzf" } (2.2)

m, n, k Wuauduudulaed

_k 21”

"{ET_} = mother wavelet
2

n fis S1audoya

m A9 lnananisildsunlasuesdna

k 79 LaulandnIsianun1buLg

MsAATIEMERINTo eI (Filter Bank Analysis) toundny g 1eddunmuntiiu
m‘iLLUamwLﬁmLm‘uL?ﬁwu"aaﬁmwmgmwnaaﬁﬂasnau (Decomposition) TaBFAINTBILUY 2
984 (Two channel filter banks) Fsugnmaudluluuaifaenis sanliu 2 du fe

- padUsEnaUATuigs dasiufinaaniwigs (High-Pass Filter : HPF) fizunin
“Detail (cD)”

- padUsEnauALARn Seriusansesn e (Low-Pass Filter : LPF) figenin
“Approximation (cA)

dnwizveIiInIaluy 2 Yesdnraludnunyued dyadic wavelet transform
Junsihfawesuuy 2 desdygyruunieseiuludnuvuslassaiuuusiuld Taglddyau
winmluduauisanihnmsusnanueondnafiuis faufudnuusvimsiiesiziuuy
gaAWTawmasuuA  (Octave analysis filter banks) Tnefiusasduneuiinmavdsuulas
Auiludnadaag 2 uh é’auam’ﬁugﬁﬁ 2.11
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F(n)

HPF

LPF

\

©
= li ¥ ; ;
[, =sampling frequency E — : I

HPF = High pass Filter — I I8
5

p| LPF —@—pI
LPF = Low pass Filter

Ul 2.11 uwansanwaznUasidalaglduanmsieseiieinsesdyyio

2.3 gwwasaAmasuuyTu (Support Vector Machine) [31], [48]
[49] dwwasnamesuueduiudansdvuildluniswisssnnislesunisaualag Vapnik
Tt A.7.1992 Lﬁuix‘uuﬂ'\iL’%Uu'ﬁ'ﬁmﬁwé’nmwﬁnm‘%’auﬁmaaﬁﬁ (Statistical Learning
Theory) wiaufunquinismeariiauisay (Optimization Theory) FWWaSALINLADTLUBTY
fouluien 1Badu uianunsadlduslaliywiiiieududeulidusaduldliaeandonis
wdasdoyaludadnuigiivilefifis iR nniuiulageidotresiuailaridy (Kemnel
Function) vbkudleUamldiedstu ddunisléswne fannme suniuesedusyansnm
dudnduarKesilafiantsinauusswwedaat o5 ivdy 1y nIATEinIsudaya
nMsidenltineiiua (Kemel) wazanvnenisidenamislmesvastwnesanane unsiy
uagimaiua winlddlafansrurunsmaiiissviliuseans nmlunsvihauessnmess
VAW LLYTUANAY

’Lumuﬁ%’aﬁ'wiﬁwwa%mnnLma%LLw%u‘Luﬂ13‘§uuﬂs“mwwaaﬁﬁﬁm%uma’lu
'vmaLLUaaTma‘memmuﬁn’l,umiqumawwwawwmmaiL,m‘uulumss,lmﬂmmaua
nsEUIUMsEBuive e frlimmasuia Ty whesingudoyadiot s (Input) wieudu
3 YUIELANYDIRIBE sz A (Output) LwaimmamanmwuilﬂLiwgmmauwuﬁ
wNIBUUazLoinaLesdululR Taslildaunsmnsadamansinesung damnsiunis
s eidemidanududay

b2k W] %’wwa%mnﬂma%umjﬁuﬁw%’ummﬁqna'u (Support  Vector

Classification: SVC) dnwosannmaiuurdudmiunsudangu IHaumeduniswideya
sonluaesdiu (x,d} 7, Inefl x, € RPuay & E 1,41} aumsﬁl%‘lumsw.l,uﬂ‘uamaﬂa

wix+b=0 (2.3



<9 INAIAANTEIN .

driinwodyanan WI

(a) M3uunuuud 1 (b) s uunwUUT 2
= ° v [y v o =i v o a
JUM 212 uansmsduunmiidudunse (@) MIwunuuud 1 (b) fMswunuuud 2 [49]

mﬂgﬂﬁ 2.12 agudmsdinunwuuiiaasiiduud dimninduiviaiiosenidy
éi’aﬂﬁwqﬁﬁvaxﬁwixmmﬁ’mé’uuﬂaﬁ'u%’aua () u1nnT1 esvezdinandeniiszesving
(margin) LE‘T‘NLLUQ‘UGN&W@G\@Q?ﬂ‘l&ﬂ’quJu‘lﬂ'NiJ’]ﬂ‘Viﬁﬂ‘i”W]’N‘U@iJa 2 Nay ‘uauaﬁlnauauum
ANANINTIgAENI TN NOTAINIReS '3'1JV| 2.13 WanIsEaEnN (Margin) fudnwasaniaes

ﬂ’m‘i‘Uﬂ’15LL'UGF’]a’]E‘iﬂ'JEJL?IUWS\?’UEN‘UE]Q&ﬁG]’DBFJ’N

% e (wa +h=Af
wix+h=0

wix 4 b =]

X1

* & dWaiacianag

UM 2.13 uansszeesing (Margin) Auswwaspnnines amsunisutsranadodunsses
Toyaiees [49]

NITATIUFUBUINT 0SB UIULT AL (a;umm 2.3) & munise ILLuwuummermum
waumﬂuaaqnama

wix+b>0 (2.4)

wix+b<0 (2.5)

fd
3
3
i
]
LN
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lumsmssuiBaduiionnsauiigavesdunesaanmasuusdutu asvinismdunus

@ < - 2/ Y ! [ = k4 <

Fwwosanniaes (Support Vector) iieldifushunungulumsudsdoyafoasldszuiud
1 = o [

SEYEVNINNTgR eI NtayadeIngy

auuild wy  uay b, Aemsfiwesivihlvszuudaduifign fadussuudaduaanse

AuuAlaaIn wlx + b, = 0 wazdn 1

g(x) = wix + by (2.6)

Wandu gx) aevimtninsseenIeseninennes » fussunudaduiiaianluuufning

9
L3

MuuaziuvIaTreLyna REIUINNIIW x = x, + p = uniluaumsi 2.6

llwoll

sl@ 2Bl
2l 2 (2.7
waanunInAIMMmsEszisaIngantialugseuudaduls Tneaiduaalsiiuiman
di/ e o il i 1 d& 1 - E % 1 o o
wazauuiuiumisfioguastoya n3di b, = 0 uansIndussnudaduainniugaiiia
B9 w, UAE by VxdOAAGDINUNAULY

Wi+ bo 2 +p s dAMIUd; = +1 (2.8)
wlix + by < —p":Z" WU d; = —1 (2.9)

ANTEEEU (Margin) Sauaglianyinfiu
2p = — (2.10)

= lwoll

Tunsidendn w, fesaenadesiueuleresannis 2.8 wag 2.9 de avanunsadeusiudu
aunIsiReINuAD
d;(wTx; +b) = 1 e i=1,..,m (2.11)

v

ATzan w waz b Mdumudouluaunisi 2.11 wazdaerinmasiivgn w zdewi
Tilaidugaussasdiirniosiian

J=sww = [lw|? (2.12)
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'
174 lﬂ‘dd

wsrzastulunsasassu i aduiad ﬂsﬁ'ml,ﬂulﬂm'mauﬂﬁw 2.12 Teendauluniy
1 U i

aun1si 2.11 laeAl |jw]] ﬂsﬁaaﬁmuaaﬁqm Tunismiafimunsauarldnsadiaileidu
a7n371u4 (Lagrange Function)

L(w,b,@) =~ [wl? = ST, a;[d,(w™x; + b) — 1] @212

loe?l L Ao #arfduains s (Lagrange Function)
a; A9 ﬁ’;ﬁ\jmmﬂ‘i’luﬁ (Lagrange Mulipliers)

Tunsmanfitesfia maaﬁanfnumﬂﬂua}ﬂawmimm w, b umuaawam;aumamaamfmm

A1 UILAUINT a;lﬂ muumm%ua (e, dg3 2y YNISAIUIUMIFIUAINT IV ()} 1,
azla

Bor=N i —% 1% Dy o ayddix] % (2.13)
FedlGoulvde
1. XL aid;=0

2, o; 2 or ™= 1Y, 5t

ﬂTi‘{‘f’lLLUﬂ%@Haﬁ?H%}WW’ﬂ%@L’]ﬂL@E]'gLLJJ“U%uﬂguhﬂﬁﬁﬁﬁmLLﬁimiﬁ’lLhUﬂ’ﬁ}al&aL;ﬁﬂLﬁmﬁ’lﬂ?u Wi
Sranunsndundszynsldiutoyanlaidudadulfiduiu s?iqlumwﬁﬁ’ﬁLLé’a‘?J’auadqulmy"Laj
annsngnuuseandlimeisiduiaduiazdudeduodafumsyilfssoging (margn) &

mmﬂmummmmlﬁimEJamﬂ,wmmmmmﬂmmawauamamuiamamﬂwmmmﬂ‘uu
Lmuaun'ﬁaaﬂmnmmnmwagauNmummmmwmmmnmuuumLﬂu%maammmaauh
Wil luaunswaeasesulasldmus & (margin _slack - variable) fundu

mivualenanmRanatflunsLIraIavesilatdunisulinaia

diw'x +b) = 1- & i = L (2.14)
ﬁhﬁuasmmiﬂﬁmuﬁmﬂig Ch)

wix+b>1- ¢ d WU d; = +1 (2.15)

wix+b<1-¢& dmsu d; = -1 (2.16)
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£<0 wildszogvnadvuaiinty fraldnisidendiumisvesdnness
LINLABS mﬂmauawawwlﬂaiﬂmmﬂu memmmmauaiumi
muuﬂlmﬂwumu mMsinszesisgliiuseleu

0<éxl fuswﬂwuagamaq”[umuwgﬂmaqmmumsmLLuﬂ‘uaa‘;a

£>1 awhlitoyannagluduifiananadniumssuundeya

(% 12
o e

cgl"} ar ] ] a v 5 v Qs d‘ A L3 [ v
wuzéj WVUNUITNUIUNITUUIAR AN AVDIVDUAYAUU WQUULGBU1°ZJV1?']WBGW71W@7

YU 9

a0

18U (margin) - dlAunniigatufided | S fiAeniignas AT Y g

Lwamvﬂﬁum3u,mﬂmawﬂwmmﬂ‘umiamammwﬂwa'm’l,ummmmma (margin  slack
variable) muuaummawawa Laaulﬂuammmﬂumu

Jow, £y =-wTw+CIR, & (2.17)

Imwmﬂsw & Lﬂummwummmmﬂmﬂuaqmmauwussvmwmwﬂmvavma (margin) il
mmnwam ﬂumim’twummuwauawm‘[amamm'ﬁl,mma’mmﬂwmm (margin  slack
variable) uasmaﬂ ﬁzjqauﬂﬁmwuumn’n ?jawmmi%u (Soft-margin SVM) Luaiﬁ'aﬁﬂ’li"uaq
a1nsANAANa 8005 (Lagrange multiplier) ﬂwmaua AN R mmimmmmmmm
AN {a}n, mum’[wﬁqnwamﬂwamummnmjﬂ

1
Q(a) = F:ll Cli—*z ?;1 2;11 a; ajdidjxij (218)
o o &
Fadldaulvfe

LEP, ard; =0
o a ¢l o Vet = ! s
2.0 <a; < fori =1,.,m (¢ Aormsilweivdmualagdlddadidnnnnigud)

max imize Zm a, ——Zm Zm aa.dd x! x. (2.19)

e

subject to: le] da, =0, 0<a <C

uanmﬂuwwasmnmmamuwumm‘mmLLumamalmnﬂm'] 2 ngu lngauyf
mwumlwmmwuammwm m 40 aunsouueenidu M ngu (Cy, ..., Cy)

{xi,di}ﬂl dEE{l,Z,...,M} (220)
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Imaav“n'lﬂ'rsﬁmmn‘uauaLL'U‘U"LUuﬁ'immwauama"’[.unau’lﬂﬂawmﬂwauawaa"l,unauau
9 mmm eijmmsaiwmmLLunijwamL:]nmaﬂmwummmvm‘umﬁmu,umm‘u
muaumwum M A Iﬂawmwmm}wwaimmmamw’vumﬂwj n%vmﬁmmu‘[mam
wauawmmnﬂaw j fuusliiiaewinevindu +1 “l,wfuuwuamawmmﬂnauau q Alaily

!I
=1

nax j 9% gnivualiawinsiidwyiiu -1 Ssaunsadeudulangdoulylesed
ﬂqnmu’lumimuunwaaga

fix) = wiox) +b (2.21)
min® (w, &) = L|w|* + c 3, & (2.22)
TnefiGoulvie & (We@x) +b) > 1= é::
fj 2 Oy, e = M
way @l = (S14isCp

“Addic ch

waawﬁvﬂ,m“waqmnﬂ'ﬁa'mmw.l.unmwwawL:]ﬂmasuu%u ﬂi‘umvfm M e LS8USaELAY
LLamm'iUw 2.14

.................................

d L3 ] o U v U
JUn 2.14 HARIPIBENNTVIMUNNRUTBYAABNGY [49)]
232 ﬂ'T‘i'«J’ILLUﬂ“UBEJﬁIﬂEJin']UhJL‘U‘UL"U\?LHU LUumiLLﬂawamawlmﬂuL%a
Laumﬂﬂsnuauwm (Input space) 14/ smmI'ﬁmmum'ﬁaﬂmﬁmmma:1 (Feature space) if
DRy Lwa'lwmmm’lmvmumLaulum'imLLumJaua
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JUN 2.15 Usglounsidasteyaanuigiisuynludeusnlinifgs (49]

(%
@ al

nsudasdoyausgiidunnain(@esl®) lUdwiguanga@uii) amnsadidumsladel

AVUALA  @(x): R2 - R3

Ty X = o 251" = [01 () (%) 93(0)]"
@en p(x) = [xfx/ixlxzx%]T
Fatu (@), 0 = P(T, 9[)

= [VZx s3] [y2VZyiyayE]
= [(xyx2) (%yz)T]z
= (x.y)z =S K(x,y)

NiegIsNI AR NN 1eluIBIRNNES (e(x), 9()) %aagﬂuﬂ%gﬁﬁﬁqammsmﬁﬁmmlﬁ
Mnanmeifiegluligiduny Tngilisudusesiladuwnnineslnq we 1 (00, o))
ﬁﬁﬂmauﬂ'ﬁﬁmdn Senan wwesiwanantu (kermel function) K(x,y)
wosiuailsntuifeuldlaun

Linear kernel: K(x,y) =x"y (225
Gaussian kernel: K(x,y) = exp(—y||x" — y||?) (2.24)
Polynomial kernel: K(x,y) = (1+ (xTy))P oy p>2 (2.25)

Mndinanadwneianamesunrduiudunguinisdouifiamisodim
Uszgndlflunsutisnanatoyaldlasanusamileddu msudseanafiannsaudsfoyaldlng
Wszapvinsiifennniian dsnsaemaritsidunsuiseaaildfunguidwmesananes
Lmu%uﬁguiﬁmﬁ’amwﬁﬁﬁiﬂsLLﬂiuﬁwé’aaaq (Quadratic programming) LB INALRAY
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-:l v 1 L3 ni" Qs sd' v = Qs .:5 o o
aun1seuly (2.18) Tiundwnesnrwesuusdu Faiulsiiden1siesnus o 39astinunvia
nsaselndunisulsranalneunuaduaunistnaansifez ldfeisunisuusaatasanudiy

LY
NATNS

f(x)= j a,d K(x,,x)+b (2.26)
i=1

2.3.3 NANTENUVDINITTNDSIARSIUANUTNHB T MLIALAD S LYY

%wwa%mnﬂLma§uum%uﬁﬁﬁﬂ%sﬁﬁzasﬁwa(Nmrgn)ﬁunnﬁqm AMUALAIINAIG
wUs &, uay b Fednwosnamefurdutudainguasiauusdsdoninlewesmnines
(Hyperparameters) 8¢ 19U gomsunssu (Soft margin - Variable C) uagfUinia9uas
o stuaiandu %qﬁuuUsnw*ﬁiﬂuﬁhuﬂiﬁwﬁmﬁﬂw%uﬂﬁsﬁwﬁﬂﬂwiunwsuﬂaﬂawamaa
dnwofairamesuurdu ludruiaziinisuansdewansenuradlawosnisimes
(Hyperparameters) AUUsganSAMINMSUUIAR1EYDITNNOIALIAW DS IN BT

T,ﬂEmL‘%'umﬁLﬂswuﬁﬁqmJﬂama%mmﬁLma% (Hyperparameters) lagi3u91n
gansuNsaY (Soft margin Variable C) mauamalusu 2.16 dwsupgenfunisy AifAunn
thiezdslsvesvihaduiidooas mqua¢mluiﬂ 2.16 fugne %qmmauaaaqmﬂadlﬂaLauuuq
ﬂawauWﬂaaﬂuﬂ13TNmqﬂauaunuaﬂaWHWﬂwiuuwvmamauuuamaua(Hypeqﬁane gy
Iﬂaﬂumauamaauq anmaaLuaﬁﬂmaWWmnsﬂu(Soﬁ margin Variable C) fifanas (augy
2.16 mﬁumaw)aﬂLwawuuavnawaLUuﬂmwmwaWQ (margin’ error) N13219522095EUULAULS
maga(Hypeqﬂane)ﬂavUUaauﬂU1mﬂ§ﬂmﬂﬁiuazmwamuﬂwuwnaqmuaﬁwiuwayawavnwaaaq

U 2.16 uanatiswansznuvesAmonsiunsIutuduLUsRaa [48]



24

fulsvennesiua dufifinafudundsranasgrsninivedndludivanediua
(Polynomial kernel) wagdanlsAnunIswasmadeunasiua (Gaussian kernel) 1Ju
i muanudavgureaduuisranaiile (g3U 2.17 uay 2.18) Andeianvesinaluiden
\ABSLIUATAD maimalfumu sejahlmmvaumuumﬂmmwauaLﬂuanwmvlumumnau
dmSudeyalugunl 2.17 v LLﬂme“lft’ﬂwaIumaamasmamﬂs 2 Lmuunum’mawau
Lwaawa’lumﬂwwagaaamﬂuaammamm B29ina (Margin) -~ flvunalugiunn wminld
Indludlamasiuafng 5 Aarlddunlsnanamiloutuiisausinnuldannninviduies

polynomial degree 2 polynomial degree 5

130 A8 0,0 0 L do0y WE° Boheo-bd 0k 00885 Lo

U 2.17 wansgvuvedinives lndluilisawmasiua (48]

=0.1

gaussian, gamma=1

Ao gaussian, gamma

0.5

0.0

gaussian, gamma=100

-1.0 -0.5 0.0 05 1.0
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U 2.18 navesiuusanunfwsanmdi@eunesiuadiviumsensunisu [48]
LA UABDSILA Gaussian kernel: K(x,y) = exp(—y|lx — y||?) Iﬂﬂauﬂﬁ‘iﬁ%ﬁ
Ainlndgudinmnssessening x AUy fdannndi 177 wane drimualsien y fiFAafisn
?’J’auaﬁuq wgnirinislvegseuy Ay wasiilean , fidos (mmﬂffi 2.18 Anuuuge) via

Y
a1

Iiyadoya xmwaaLﬂa'iLuavﬂ,uLUuﬂuamauwuﬁnwauamauﬂ 1‘1JﬂBJJ‘U’e]\‘1‘HWWEJ‘§m
nAwes dulunguussinwesnnamesivmuaardmansenuiumasilaity mswaﬂmaw
xvlidadundsranafitiausudeuanniu luvasiorfudae ¥ fAnnniunsnszany

£e

vasshumlsdnmasanamesaziuntuhdldidunisudsranaditinuldannty dled y 8
Amn Aresiledtunisudseaassiidnioverasiiluvinailiiteyalusaufegas
MUY (mmmﬂw 2.18 AUA14227) Tusﬂmmummmnlﬂsy dmlAnduudsnanad
AouthwsAummmnzalunsusnaadoyayail

NnguaziuIdeyaluguit 2.17 way 218 tu Adauus y veunidi@suinediua
uazdnvadlnaluiiluawmesiva uumumﬂmuﬂmmammuwﬂwwwaimLfmmanmwu
uum’;’mwuamwmaua

=]

24 Bwdnmugaungauuunguounia  (Particle  Swarm

9

Optimization: PSO)  [44,50,51] F5msmAmiiiganuunaueyniadunsideusuy
wqanﬁumiﬁﬁﬁ%ﬁagswﬁuLflug{a'imr'fumﬂﬁﬂmsmﬁ'}mammmﬁu Qﬂ‘lj’lLﬁu@LﬂUﬂ%ﬁ
wsnleg Kennedy oy Eberhart Tut a.a. 1995 m'ﬁﬁwmmaﬁ%‘mﬂ'ﬂmmvauﬁammma’m
an1A (PSO) Lﬂumimauuwwqmﬂimn’uimﬂuﬂumunawﬁu mimaaumammn UNWA
azdvzimihiiviemslesunurasshduaunsousuilesng 2 Fudsie m'mm
(Velocity) #uwuids (Position) uﬂ’l,uclammsaaam5LLaﬂL1JaEJu°uauaivmwﬂulm Waunul
91M5lAas ﬁam‘suanmmLmuemmmﬁLwa’lwunmauﬂﬁummL's:]LLamemuﬁw Fun
wiazdlugsasfoadrdumaiidigasasines LLﬁum’]LLWUQ%WW&Q‘UB\‘]LW@US’J&JNQ Il
Lﬂaaumlﬂmmmua’lwmwa’Lmﬂm’LﬂamLmuwmwammnawu Fapuswagnisiadouiie
WabuwUam N3

Via =w X Vg + ¢ Xx Rand() X (pig — x;9) + ¢; X Rand() x (g4 — %iq) (2.23)
Xig = Xig X V'y (2.24)
=
e
Vie  ABEAsS0YnIA
i ABaYNIA
d Aol

b

o

Xig PRIy ARaum
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w AeArnsmaimvindumnsfwesildlumseuaunansguresnnaniai
mymgneunt Aluaderumlunsiudigiuveeynia

s ]

€1, C;  ABANAINERSUTIUNITAUN

Rand () faffiavdu
pa  AeAWlARlunguaynajuilagiu
ga  ARAWIWMLIRAlUNGNBYNIANIAA

4]
x,(r+1)
y Po(rel) !

g, ()
%,

\
N
\‘

Vg (0

U 2.20 f19819MIMIAINBUTBINGLDYAA

9N3UT 2.19 uay 2.20 uamiiviufednuasmsindeuiiveseynia Invayanaa
wdouitlumeumisilddneudiian wideynamsumdneuldinindneuidu synie
ounfiazdsunsedeuiilmifiowndouiilummaeuiidiignyelual luamadeitaium
Usggnaldlunmamamnafinesvesiwneinnnmesunsduielildmimnsaufiaadas
nansieluluunil 4
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o ¢ b2
n1s31ansnpanneluvnalnruawlag

Tunfeildaossingmssimafaveadniglurememiioudas Tasandelusunsy
ATPDraw for Windows version 3.65 #l#¥uniswauiunanlusunsy  ATP/EMTP
Alternative Transients Program / Electromagnetic Transients Program Favawlunisadng
LLUUﬁwaaﬂmzwlﬂﬁﬂmaLawwLﬁa’ts’u'ﬁ’m%”umiﬁmﬁwqﬁﬂimauauaamaﬁnumwm%ﬂuﬁlﬁa
anantRvesssuuiaenUdsuly wiouialilusing MATLAB / Wavelet lumsiasies
Fyaramead lnelidemuarsvandunreinisiasaeadiaydsnislinseidyy unoad
Sastolud

3.1 wuudnassnistiawaanvasndaunadlwiliniag (26) 52]

Tunisanwmleadiinaneluvealnudoutasdimauinduidesduiumnniines
A4 ‘uawﬁauﬂaﬂw%ﬁﬁq’lﬁgnﬁaaLﬁaﬁﬂﬂfﬁj’ﬁw%’um‘aa‘)"\ammacﬁ MSAUINERDS
o witpulasiviiradslulusunsy ATP/EMTP  duiiliidentdegiuduvaisguuuy  1dun
BCTRAN [18, 27, Saturable Transformer, X Transformer wag Ideal Transformer widnsuy
nsAnyIEN1Y MTudsuseridiuusiamiaauaslniinfids BCTRAN iiediaesuiingnisal
mainaaslusidedl

3.1.1 wuudaad BCTRAN Tlugn1awund

wuuhaes BCTRAN THdwisummsas fisuissmomtenladlufiddnfauuuidiuny
wianfueiln Core o Shell 11 2 waanuay 3 vaadn tndlianismaaeuremiiouvasmniy
Toyadunyn  diuerdnmnlannuuuitees BCTRAN aveglujuvreinisnesuiuvednIniim
Fruv wazAAIie i eiaedl (Coupled Linear RL) watandluraasiiiuidusves
wifaudasluguvesian (Time domain) laguuuimemifowlatgnaisainanufameiidndves
?Jﬁa’mﬁLLammﬁaU‘Uﬂmﬂ@;'ﬁm (mutually coupled coils) %ﬂi%ﬁwﬁaLLﬂawmﬁwa’mlm
Usenouse vamngiuau n g aunsadiassmaliinlumenveaussiunaznszuaiivane ( V;

3
v =

Wag 1; ) INVSHENNEINa0IIaNn (4;) VaaUwadn i waenall

_p. oo dA
Vi". = Ri"‘i + —d_f

Woi=1,23,..,n
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= w
JUN 3.1 uanantauwUasanid 2 nann

P ! a W o w1 a ¢ a \a v O oa
LNE]LL@JL‘Wgﬂaﬂm?Qﬂqumqqﬂ']Tﬂﬂqimq /11' ﬂa']ULﬂu‘N@ﬂﬂﬁl@JLﬂﬁLaﬂ’ﬂ@\jﬂiguamﬂﬁ?ﬂ n uufne

2.[' = A’i(ilv iz, ig, g l'.n)

13

o as v ﬂ‘ v 1w a
d Ty anann L aunsh 3.0 awnsavenelaglinggnle fal

Vi=Rii+ diy dt | 9iy dt iy dt

L3 1 a EJ v -:} o n‘ o
yiusuNauvamandiierades 4 WiGainssudunatn (k= 1,2,...,n) Wudunieanh

9
ARLTY L, uay My, duie
NP
LT o (3.3)
My, = %—:‘; (i # k) (3.4)

faty dmdanvaaduniionlataiuma 2 9maqn wuudianansadaaans dmsu
VIDLUAIEILITONAAY MBAMNEURUSIUASNT R

V=Ri4 L2 (3.5)
dt

= = [L7v] - [LY[RI] (3.6)

lundoudasnaiier Suveain N va Turisaniizns (Steady State) Ain

V= [ZI[1] (3.7)
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Av9Y [Z] 'luummwaz;u (Diagonal Element) 2ga@13130W1lARNKNANTIINAADULUUTIUNTEA
LU IMNAIUFURUGVRA

Zj; = f(‘rexetjvpfej) (3.8)

=
Tne
| [V =BV 19 o YY) v ad °
Lxerj AR Anszuansysuminlédanmsnirenszualiiuniondas a vaaneil wneiinig
VAABULUUTIENTEUANTEAY
= ' =l & alw o & v o P °
Pre; Ao Agudsluunumdnininlaninnisidnenssualviumisulas o vaadni vsigin
MINARBULUUTIENITUANTYHU j

durves [Z] wwinldlduwanugayu (Off Diagonal Element) aunsanildaintanisnadaey
WUUERIDT

ka = f(Pcu,jk: IchhOrt (3.9

| t ) | = e s
lng? (j, k) ApAYeUaaInfyiNIsAaBuLUUARISAS
| - oy w
P jr Ao Agadelureanafiinlel (Copper Loss)
Vot e Auseduniednians (Short Circuit pu Voltage)

lvirauiuauduzanasaniy Z; Adufivaugsaanmnsanlaann

Ljk = Zyj = J (Zi; =23V (3.10)

#apnuaing [R] waz [L] luaunisi 3.5 @1masamlaaineae (Real part) was
=) 3 L= g d
ANURNW (Imaginary part) vadn3ng [Z] luaunisi 3.10

Tuduvesm [Z] veaiaulasdsiwaduiuvnain N va Tudi9an1ignesi (Steady

] a v o v o ) v v ) W ' ) =

State) Wy Findlaunisntanundawlaananeinlananuiwdt199uls wivgdasdnisilasy
' ) a a « a2 ¢ o, a « . 1
ANNTBWE LIIAULALDUNLAUY IR uaLnans (Scalar) uluiussng (Matrices) Aal

ti = [kaodip biel” (3.11)

Ve = [Viea Ve Ve )" (3.12)

Zkjs  Zkjm Zkjm
Zyj Zrjm  Zkjs  Zkjm (3.13)
Zrim  Zkjm  Zkjs
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Tnedl 4, B, C flo msusuenaa

Zyps  Fo Andufiweudiiesssnineeain k uazvaadn j effedn Bufiuaudsiusewing
UAaIn 2 YR luinaLRgIN

Ziys  fo Adufiuaudsiussnineunadn k uazunain | Saifern Sufiuaudsausevinenadn
2 ypdisinauariu

Tuaunisi 3.13 TddmsumarduinaudineldnanisnaaauraamlauUasaniusii
nswlashiiduaduinaudsies (Self) waz duiuaugsin (Mutual) Teeldaunisaaludl

Z; = 2 (ZoodBpy s (2o — Zy) (3.14)
Fatutendnyitlianlusunsuges BCTRAN asegluguvesininduas R uas L &

ﬁ‘ -] LY =Y -:i" o = 3 I 12
aUn15N 3.15 way 3.16 lneilvuin 6x6 dmsuniawlasin 2 vnain fsanuisaununsndgnle
sananadlulnlusunsy ATPZEMTP Tunisdassszuviniealy

R0/ 20 \ G 07

Q¢ &> U0 \E0 DU 0

OV 08y Wed 0
= 3.5
RI=10.0 0" Ry=0 0 ada

(/f Dt 0 Ry O

[0, (el 0 0 Rg

[ Ly My Mg My, M5 Mg

My, Ly My My, Mg My

My, Ms, Ly Mz, My Mg
A 16
Y= Moy My Myy Ly Mg My Ll

M51 MSZ M53 M54 LS M56
-M61 M62 M63 M64 M65 L6 4

o & [T = ° (%) I v
PNAUNTN 3.1-3.16 - qwtiuladn - dnmsiusnniedayaiinuanisnegeunleuya
Inigslumdaseluageiureaunisdmsuruinanneoadnslusnaiavsoudasinilaely
WU BCTRAN Tunsad uuuudiaes
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3.1.2 WUUIa89 BCTRANS Tuaniizneadnisluunatavdandas
LV 7 a‘l o 1 = L4 ] v 1 n:l o
widefiundunisfunaAtunindyssatmusiuiukazA1ALmie i lugy
U 44 o L7 L A o 1 o s $ 7 =Y
29IANANLMTNE I IEIRaEANAUWTENTulRelvun 6x6 dmsuntiawlariln 2 Unann
= o Kal = A:I!) o 1 :u' a
Tuangund wilunisinasaeannintulurnaiansonwlasdanuisavinlalagwuavnalnmianig
a [ ] 5 o [ = s a . .
An9950aNUUYAAINYRY (sub-coil) AMIUNTUVARINAAIRTAIAU (Winding to eround fault)
° | a o o ' " P a
wwmsudarnainiidneasitu 2 weaindes a wag b Awandugun 3.2 (n) aswdluwmning
N 6x6 WU 7x7 dwsuntaulawin 2 9a1n  LATAIRSUNSEUNaIAARNI99IIENINTaU
o ] =i'u 1 L7 A
(Interturn fault) agyinisudavaalniidnisasidu 2 vaaindes a, b uar ¢ Awandlugun 3.2
@) Ingwnluwnsndan 6x6 1{u 8x8 dwsSuntiaulasila 2 unadn

Fault high voltage Coil 1

() VAaINANI99TAIAU (winding to eround fault)

Fault high voltage Coil 1

(%) VAAINAANI9DTIEHINISBU (Interturn fault)
d v =Y as
SUN 3.2 LARIUAaIAUBINLBLUaIUMEIANNNSTAN 99T

v
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R, 0 0 0 0 0 O
0 R, 0 0 0 0 0
0O 0 R, 0 0 0 O
[Rl=|0 0 0 Ry, O 0 O (3.17)
0O 0 0 0O R, O O
0 o0 0 0 O R O
g p 0 0O O 0 R

[L] =(M3q Mz, M;, Ly Mz, Mzs Mg, (3.18)

] L) o 1 é o L7 L | o 1 1 1
FMSUNITAUIUAIAIN LTI LIR DA S ANAIIUMTEILN5TENINUAAINEDE a WAy b
YADIANTNDINENNTT 3 Tanat

1. AudanAnas (Consistency) : WlslfiunSnduun 7x7 weaintet a uay b gninlvieunsuy
w oo a ¢ v Y a | |
Unannweadlng daasdifiernuinuluuninduunn 6x6 desauyfgiuit vaainges a uag b
. : ol VA : = &
gnidnlusunsuuaznszia luathwunaimnantl anainaug avualdiiluandeiy

Pa = (La + Mab)i (3.19)
©p = (Lp + Mpg)i (3.19)
Tuvihusaienu
Qo+ @p = (Lg+ 2Myg + Ly)i (3.20)
@y = (Lq)i

mmduiusvar i lugaunisues L,

Ll = La =+ ZMba + Lb (3.21)

Ly , Ly U0z Mg, Wumundnueswminduuin 7x7 dau Ly Wuaundnveausinduuin 6x6
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2. M337a (Leakage) : Ailafiadusznaunissiluaseninnunainges a uaz b WugndAny

1Y

¥ < & 1 ] = 1 o L% o 1 V=
muwman nssuaneaddlngazinegiunisialue fuszneunsizlvanslviie

(3.22)

v U = o ' & 1 d %) w
FatiuAT My, FuluAn1sii@uvesaunuuivan (Leakage Factor) @1unsamilaaindnumznig
< U

nanMBIntaIUal (Winding Geometry data) wilunuiseliagioindiuseznaunisiivass
=y < s d 1 < 1 =" o g
Asawisumwlsimsuaws elduaifvuaduun

3. dn&d9u (Proportionality) : iaA A NAIWUSAlUNSIUAT Ly , L, Wag My,
L
22— |2 (3.23)
Lp
o k=28
np
AudNAuSaNNISH 3.23 \Humsussuan wansmiudy iWudnsidiuussdiuseving wnanntes
a war b Fpnuluesy anvadilluinigdalva o, = 0 agaslshd Wa g, W lndeud
NIHAANNITNE FMFUMINY SN laMIIuaT Ly , Ly, Was My, aslviranail

La T 1 2,/1—0‘ab (324)
Py s\l
2 Ly
U w it gy
\\ Ll,fl—o'ab (3 26)

Y ket +2,T=0g)

o | = o 1 i 1 al i 1Y 1
waglunsAINAIAUMTENNTIUSTNINURRINE oY a WavunaInduY j snliulnainges b
(Wunedf senINunaInges b LasIRadnlaeg j enuIraIngss a) ouANaenAded
Ulug

Mlj = Maj g Mbj (327)

= o P i
NANNITA 3.27 Iutudasnenitiu 2 nsdiAe
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ol s = .o v ' = ) 1
asedn 1 LUBWINFEUNUARAIA ] WWN@QUULLﬂULﬁgﬂLﬂUQﬂU’UWa'JﬂE’JE}E auay b

M, = Mij\/E\E 14— (3.28)

EM]_}'Z

A &
Toed e = 24 (3.29)
Ulj
e A a = v s ] 3 =l s | @ a
NN 2 WeRarsanvnain j Mlildueguuunuvdnifeiuunainges a ez b AuduRLS
e g -

Moj —Pa — (3.30)
Mpj mnp

AIUAIRUSSEWINEUNT T (3.27) uae (3.30) ﬂﬂlﬂgj :

k k
Maj = Mjq = 1+k Mijy Mpj = Mjp = 14k M,

(3.31)
= a a v al '
ile gnitansamileudeyaiins1umn My;
ludhuvesrmmmiumutuaansnldwdnuesdndu (Proportionality) 31311AA773 F1uvny
' My v X wye N
99U InL R NlnaT NUUlARs

Ry==*Ry, Ry = %Rl (3.32)

1

- < L 1 o s
1ne?l ng, ny, AoTIUIuToUIIURAIAlLYREALDE a Way b MaldiU way n, +n, = n,

dIUNINVNAINEA9TIENINTBY  (Interturmn fault) anunsadilidnuaeideriunism
wasndiisuAsslunsdiiiinveaindnieesasiu saefuassitinasdeaentnaindnisasoenidy
3 wnandeeauandlugUi 3.2 (1) WA luesndann 6x6 Hu 8x8 dmsu nifoulawin 2
YPAIARIANNIST 3.33 Uy 3,34

R 0o 0 0 07
O R 0 0O 0 0 0 O
00 R O 0 0 O O
0 0 0 R, 0 O 0O
(3.33)
0 0 0 0 R O 00
o 0o o o 0 =R 00O
00 00 0 0 R O
00 0 0O 0 0 O R
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(2.34)

Mg, Mg, Mg, Mg, Mgz Mgy Mg Lg |

ANTUNITATUIUAIAIUUTEIUINILDILALAIAINUNTLEIUNTINTENINUAEINEBY a Way b
A BITAUFURUSURINENNTNY 3 NannNsHATesaunsaalUll

Consistency : Lo+ Ly+Lo+2Myy+ My + M) =L,y (5:25)
2
Leakage : o= {44 (3.36)
atb
& Méc
O =1 N (3.37)
1 e (3.38)
bc LAx
Proportionality : % =5 (-:—"‘)2 -l (3.39)
b b
La _ Mavz _ 12
,, E=CYr=k (3.40)
Pl
n
Lo = LiG% Ly =1, CD? Lo = L) (3.41)
_ Ngnp _ NgMNg _ Tpne
Map = Ly (P22), Mqp = Ly (P29), My, = Ly (*229) (3.42)

waglunisinwinamumienihsiusswinwaanges a , b uay ¢ fuaeanaus sududes
wenidhy 2 nsdife
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=] ad a , oA 1 =l as [
nIgiN 1 LIBWANTUNURAIN | WWUE}QUULLﬂuLWﬁﬂLﬂEJ'JﬂU‘Uﬂﬁ'JﬂEJQEJ a,buayc

_ L 1—8L1Lj
My = Mlj'\fEJL:: 1+ Tl}— (3.43)
L 1—elLqLj
My; = MU\/E\E [1+ eMl;zj (3.44)
Toed g, = ?,sz = ?
1j 1j

o ad a W A v s 1 [ = u 1
NIUV 2 LUBWINTEUIUARIA ] mﬂlﬂWUE}QUULLHULﬂaﬂL@IEJ'JﬂU‘UWﬁ’NIEJE]EJ a,buayc

Maj = Mja = 1 .1 (3.46)

(3.47)

M = M= —5 (3.48)

Tuduvesprmnusumutiuanunsaldwdnaasdadau (Proportionality) 1MiAIAANUFTUNILYBS
vnangaeiildaditulded
n

R, =22 R\ Ry'= %Rl, R, = %Rl (3.49)
1 1 1

n

‘:{ o 1 o s
lne?l ApdUIUTEUYBIINAIALUIARINLRY a, b LAy C AUAWU WAz N, + 1y + N, =1y

uananiiiefnunginssvembisuacifirdidduannzfnveadneluvaain
wiaulaq f‘éﬁlumu%’aﬁlﬁﬁﬁﬂﬁﬁﬂmigdLﬁumaﬁmmmﬁqqﬁﬁmﬁu’tuwﬁmmm Fedndudag
ﬁ"lﬁ"sLﬁwixqﬁﬁwﬁu'lwﬂmmma@huuiaﬁug:1, W53 (carth capacitance of the HV and
LV windings) LzasﬁuLﬁuﬂ'ﬁa'igswfhwmmml,mﬁu@qﬁ’umaﬁ’uﬁw (inter-winding capacitances)
wwaidluluuuusaemiiounlas BCTRAN flagui 3.3
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=
hg | _’ ¢ Ig

Primary 115/23 kv Secondary

= ° = A 0w
Jun 3.3 wansuuuiaemfeudawadondesofufiulsey

3.2 s3uuINAoIoad
3.24 LLU‘Umaaa‘lumimaaeawmmwaam Luaqmm‘tuamammﬂaamuua”u
ﬂTiL‘UaEJULLUE\‘J‘U@GiULLUUW@QLWﬂﬂWimLﬂWUU mumwa’twmmimLﬂi%‘lﬂﬂaaﬁlﬂmamaﬂu
wmaamwumnwam wwWﬂﬂiaswivuumaawumuam‘imﬂw 3.4.[26]

EGat | pEA
RE MK 115/23 kv b amal fom
50 MVA

N7 l Vi s -
®—; _b I l .5 R+jX

Primary side current Secondary side current

A o L2 24
JUN 3.4 LL?{E]ﬁﬁiUUﬁ]']ﬂENW@ﬁﬁlﬂ’iUlU‘WﬂJE)LL‘UEN‘UMWC"I 50 MVA

U

isuuﬁﬂwmﬁwmswmaauﬂuamﬁlw“ﬁwmmﬂWﬂ%’hamam (EGAT)  #ivania
umansalaeiivgoulasivuin SOMVA - 40n DY Fulwananuasl Wi sunsaslngia 115
nIanammmammamammvmma’lwnumﬂw%awmmﬂmwmmmmimu 9
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N3ABYNAIN DY1

NARNS 50 MVA
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AgeydenisnIgduaduuan 23.1 kW
NILUANTEAUMAUUIN 1.84 A
WIIRUNTEAUEFUUIN 23 kv
AgRYLuNTTER99sARUYIN 118.20 kW
NILUATANITAWUUIN 251 A
WSIPURANITARUUIN 17.44 kv
Fuiuaugrsauaud 15.41%
fufuussiifntulusnainmesuuseiugs 22900 pF
ﬁ"f'sLﬁwizaﬁLﬁmﬁuiumma'mewﬁwmmﬁuﬁ'] 12400 pF
FfiuysEqsEniteunaInLsaugI UL IFUAY 19000 pF

< O

3.2.3 n1sUsulasufmasiines Tunissanaeaduuiiofnuineasiuanee

fuwinsmsuSuasumns ives il naiaadesdaselui

- Usennuaavean 2 wialaln WoasunaInanIdesaafulazInaInanI9asIEnINNgeau

- yfinveaoasiiiatuneialgunfuasyRonivemiowad

- yiiGanAnweas 0° - 330° Wawfigufiunsatesussiugeiiia A (11592 30°)

- AWMU AN ARURAINER9ASARY FIUVUITINR995 109%-90% 184YRAIA (UAAINLDE a
WasukUaeas 10%)

- AvSunsinearunaInanI99EN 930U FIUNNTIEAI995 10%-80% Ve4UAEIN (YAAIN
g0t a \WavuuUasieay. 109%)

- dviunsiineanunanrdnii9ssEndNasaU MuITin19as 10%-80% U09UAEIN (YAAIN
gou b WasuuUaweay 109%)

- ANUATUNIUTDIN DR 5 Toviy

3.2.4 dygnitldannnisitaasnmsifiawaad ansasvas Anveadveiautas
vaaeulusuil 3.2 (n) uas 3.2 (1) WethlWadaduuuusaesnasnaaeululusunsy ATPDraw 16
FaguRl 3.5 uay 3.8 mudisy Teald8nsadu (Sampling rate) 200 kHz uazlsaimdvinuiiiidu
frmungunuuLarnaInIsAntead Salufididimuslmsuianeadd t = 0.04 Juit ua
vmsiaosdyg i 5 leda 0 0.1 Juii) nglifinnsfdavieadesn Ssansauans
ﬁaa&hwaaﬁ’mmmﬁlﬁmnﬂ'1ﬁ‘haaa“luﬂizﬁwaammamé‘mq%mﬁuﬁ@mes(,ugﬂﬁ 3.6-3.7 Wy
nstﬁwaaﬁ‘ummmé’mqﬁri'iw'j’mauuamlugﬂﬁ 3.9-3.10
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Primary Current
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Secondary Current
2000 T A T
'a\“':.séc
vy
(YR i\ 4

2000 ot | '
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Primary Current
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n1sAasrzsinaadnielunsandaslwilinias

uideivinsieseissuuliindugransyualnindldannudeutastn
nszualwiih (Current Transformer : CT) fiassogmaesulgugiuasnedmiogives
wffoutas thdyaruiaaesiildunduinlusuuuunasmenssue (Different current) wagdiag sy
amﬁymwmaumﬁmﬂa ’Luamquﬂﬂmafycywmnivualw%’lLLa Lﬁmulw%w“lmumamunau
AnuiigesIneg woiluansitwearasinsdsutyawosesdussnouauiiingdy Seasld
amummuu‘lummﬂwwa IRINREE m‘nWaamwmﬂﬁuuimsJa'm&rJﬁm'iLLUaaLaWLamwu
WWuwniae (Discrete Wavelet Transform, DWT) il’quwgwu‘ﬁ’mluuww 2 Whuniesgianud
Funsnidrluszuy mssdaaEndumeiindmumsnsesdanyrueanidutismnuiisng q
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amswwmugmmﬂuiﬂw 4.1 Tagvimissiaesszuulniadhelusunsy ATR/Draw lddwisnfiwes
A9 AIUUNA 3 Lwa'LﬁLmamgmmniuLLa”Lwﬁwaanmimammsm’mammuLLalwﬁ'mqmuﬂ%mu
E]aLLiaﬂuIWWﬂaq ) hazeun Al ( (Haussullniig) wdaaniuh g onssudlndiviaa s
mlmmmmm’iwa&J'LuiULLUU?meaméﬂiuLLa (Different - current) uasthdnymnudildunvinnis
wenesrUssneuruigdtuainait 1-5 Taeldlusunsu MATLAB rduse@vddldannnisuuas
vl Erazim it sesiiitensiaduludusey (Fault ~ Detection @) lngiiswazidoaly
n1smsIadunIsiinreadazuandduride el ludiuvasiyenUsziannisiianean
(Fault Classification @) s1easidenmsulsusnnisiianaadazuanduidon 4.2
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nsnsvduneanauasavilalagnsihdyanunsewaroadluwiazina wasdeyniu
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wasidauuuidimiheiiausnosduseneuaufigeoanun 5 awnamefuaniuiunenmds
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A v leda i 5 Saddundl suasunanfiviinisveaes (0.1 Funil) Tneduiindvesnszua
asauRazIE (797 | 7ar e ) uaznszudefUsznaudduaud (12 ) 51 4 i dnd
SuUsvavEildnevdimsiieneasiiuinndt 5 wiheesidulszavineunsiieneadliniaduy
waztuiinArvesusaziald [24] dfuiinanlauninnin 1 wa itedianeadluszuudedng
sl usdduiinAnlddesniiviewitu 1 wa fedldiiniaiiawead deanunsauans

Tunaun15nTIULARIgUR 4.2
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Scale Detail 1| Detail 2

Detail 3

Detail 4

Detail 5

Approximation 5

50-100 25-50

Frequency Range (kHz)

25-12.5

12.5-6.25

6.25-3.125

3.125-0




(Fault Det;;i-c;;\?})

Y

1. Three phase
2. Zero sequence

Differential Current Signal

Wavelet scale 1-5
high frequency
Low frequency

diff
X !

Y

For high frequency

diff
chk

X
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= Coefficient from DWT for the
differential current detected
from phase X

= Comparison indicator for a change

in coefficient from DWT

diff diff

scale 1 (A :::f B ;::i{f Cok 2 i
4-
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~ 2 —
T No ¥ 4 \
— diff W L \E Ry e
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~,
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Y
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Phase B Phase C Zero sequence
50 PR ——— - 100 —

Scale 1

0.05 19#19(“%) 005 01 0 005 0.1

= L a (3
E‘U'VI 4.3 hanIN1sATINIUNISINAN DA

= " w a Saw v ) <
M99 4.2 LLammauU'sxawﬁw"lmmﬂu:daanmﬁmiuﬂﬁcﬁ’mwmam
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dLngn 1 Phase A Phase B Phase C Zero sequence wia
Pre-fault | Post-fault | Pre-fault | Post-fault Pre-fault | Post-fault | Pre-fault l Post-fault
, s it ) q Woan
AENUTEENS | 1.52E-7 9.60E-3 | 1.06E-7 | 2.88E-4 1.24E-7 | 2.10E-4 |1.85E-08| 2.60E-03

N 4.3 wansmsuvaiEamna 1 nsfinasweadmelundioutasiuusesu
qae‘fqmmLﬁaLﬁﬁvJaaﬁﬁhﬁmUszﬁwém5LL“LJENmxlLﬁ@ﬁmqﬁuumﬁaﬁwmw’wﬁaulmmi
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daneSiuitouvinonyssinnead wigsyuuldosfuifnasiinasuenuesUssanemaads
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wiinssuvesrduYssdvSTlinnnsudaman.dn emswisoyalugadoyailldlunsadr
Fouly 50% uazdoyaillivieaay 50%

4.2 wqﬁﬂﬁmlawhé’mlszﬁw'éﬁ‘lﬁmnnmtmmw;ﬁm

mia%"mé’aﬂa%ﬁmﬁaLLﬁdLLaﬂﬂsanwwgaﬁﬁwL"ﬂuﬁﬁ]:ﬁﬁaqmmﬁawqﬁmimaam
ﬁuﬂisﬁwéﬁlﬁﬂﬂnmﬁu,UamwLﬁﬂLﬁagﬁmWBamﬁLuLuﬂ'angLmULﬁaﬁmﬁm'\sﬁl,gaza%ﬁqL‘f:"aulm
Ifudane3iu ﬁaﬁ’:gcgmﬁlﬁmﬂmmﬂamwLﬁmmmmﬁqguﬁ 4.4-4.7



at

Phase A Phase B Phase C Zero sequence

01 | 0.1
QM'\AM{HMWI{HVWW{NHWI
x10 ><10

1 1 1 2

Slasann SL‘..L‘.‘..I °5L..a.4.ug [r—
4] 0 0 0

2 1 2
1L.....u............J MOSM ]
0 0 0

o

Scale 5 geale4 Scale3 Scale2 Scale 1
O=nN o
= x
-
Q. ) . 1
9 o o
o
w
o
Ix
n
o
o
o
=
i

(=]

i
ik
H
:

-6 -6
x 10
4 1 2 2
TR L. T A (Voo [ ( Py
0 0 0 0
0 0.05 0.1 i i i
Time (sec)

= ¢ = | a v a
U 4.4 mmﬂaanﬂt.é’mummﬂﬂisnaummaqqamaw 1-5 nsounudawlasund (Normal)

Phase A Phase B Phase C Zero sequence s EhaseA . Phase B . Phase G § Zero sequence
10 ———— 5 ; . .
JQFO—_| %['v-h-v‘i é}-—-}-a:-l §]—|-——i -o.g ; -o.g MRAAA -o.g -o.é I
. x10° x 10° A 4“0" o3 2*1075
1 4 4 ——— 04 o ., A . T
Y A S g ~ | 7= 3 ol ' ST ) W " R W |
w -3 -4
10 10
% 10 0.04 01 R T P 027 3 L a[x ] * Y] 1ix |
r, e | e | genlieteh, B9l o@T Y7 2 h o— o—1
7] w0 3
° 20 0.2 04 10 % 0.01 0.02 0.01 i
> . o 0. y i
£ i e P [7¢1 g o ! | 2 ey docaet N\ 1%l BT [ 1 ]
3 < x 10"
o 1 0.4 0.4 1 o 0.04 041 0.02 5r—
. 11 Lo [N B | I S g Valll ===t 0 1/ g - AT I N[ N
w0 o x10° x10° x 10
0.4 0.04 0.04 0.2 ) 2
(I 1 W) | AN = I QasT] e NI 1 A 11
® 0 005 01 0 005 01 0 005 01 0 005 0.1 ® “p 005 01 0 005 01 O 005 01 0 005 0.1
Time (sec) Time (sec)
iy ar v o/ 6
(@) MuLTIAUZ (b) MULIINUAI

= ¢ pu] o a @
‘gﬂ‘w 4.5 m‘sLL‘UaaLawLﬁmwﬂaaﬂﬂssﬂwmmaqaaLnaw 15 nsalinaadn1euaNuLBLUAY
(External fault)



Phase A

Phase C

200 0.5 50
200 0.5 50
.
x1
4

0.01
ol

0.02
l

0

S

Scale 5 Scale 4 Scale 3 Scale 2 Scale 1
o

| 0.2

Time (sec)

(a) AT LGS

0
01 "o 005

Scale 5 Scale4 Scale3 Scale? Scale1

Phase A Phase B Phase C

48

10 0.5 0 0.1
[ ATAY N I e e T | =ty VW
-10 0.5 -10 -0

x10" 4x10’ ,x10
HI | oes[ | |
x10° 1xwa Sxm"
T Y S o |
0.02 4“0'3 Ll
i Joool 1] gl ] ezl |
3
0.05 0.02
s o [ - -
)
0.01 0.02
o — S { —— |
005 01 0 005 01 O 005 0.1 005 0.1

Time (sec)

(b) AULTIAUM

U 4.6 nsuvasvidnuenasduszneummiigsainail 1-5 nadinsiianeadnielundiautas

oo
o0
OR&

s
=5
L=l

Scale 5 Scale4 Scale3 Scale2 Scale 1
=)
ona o n
[==]

—n
ooco
e

Phase A

WM fAran

Phase B

Phase C

SSEIVW i

0.04
1

20
| rgl’ ]

Time (sec)

(a) rﬁ’f’nutmﬁum

0 005 0.1

i\
&

WUUUARIABNINDIAIAU (Winding to ground fault)
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LUUYARINENINDITENINTaU (Turn to turn fault)
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4.2.1 ieannelundaudasuuurnainanisasadiu (Winding to ground

fault)

AuLsIiugs vaInsefukuuwadLleaianeanil 10%-90% veITvErYRIng 1

(AQ) rduUsyAnslua A aslAmnnniunadu 1 60%-90% AduUssavsluwa C 9siian
] a P = o o o i o g v ad a ¢
winnihuwadu Wesnnveaind 1 ilumsralieuiuseninana A uasiwa C ihliieiinweas
fisvez 10%-60% Fainlnafuma A Jsdwmaduima A unfign ndufuduianeadiissey 60%-
90% aziiinindfiuma C uavdwmaiuwa C unfian uddninfisvey 50% Wugeaziiiu Jedaua
sosyuutovinliinAdulsansiosadiiy ausouanmsnd 4.3 uazgud 4.8

A191971 4.3 dudsydnsainail 1 vesweadnglunauyadluuYnaIniaeTAAUMULIIAUE
JEYTAN 9

~ e

&ulsyantosdusynousafigs iinvloadifiunann AC Fruusfugdmiasasiu (i 120 s
YDANTLHEANARN 20% 40% 50% 60% 80%
Pre-fault 1.52E-07 1.52E-07 1.52E-Q7 1N 2E-07 1.52E-07
Phase A Post-fault 9.60E-03 8.97E-04 2.40E-06 3.25E-04 1.62E-04
Pre-fault 1.24E-07 1.24E-07 1.24E-07 1.24E-07 1.24E-07
Phase B Post-fault 2.88E-04 7.42E-05 |  7.89E-08 8.66E-05 4.57E-04
Pre-fault 1.06E-07 1.06E-07 1.06E-07 1.06E-07 | 1.06E-07
Phase C Post-fault 2.10E-04 2.57E-04 2.42E-06 8.59E-04 9.40E-03
Zero Pre-fault 1.85E-08 | =~ 1.85E-08 1.85E-08 1.85E-08 1.85E-08
sequence Post-fault 2.60E-03 4.85E-04 1.60E-06 4.97E-04 2.60E-03

Coefficients of high frequency components

', ORI MRS TR, v

10 20 30 40

50 60
% length of the high voltage winding

[ —e—Phase s | !
| ==fx~ PhaseB |
| -+l Phase C |

hal

< ) = | a £ i - o a sl
3UN 4.8 dneaiznisilfunlaswasidulssavesiusenauanudigeainail nsaliiavleani
YRR AC ATULTITUGITANITAAUATTBLANS 9



50
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M990 4.4 duussansawnan 1 ’Uaﬁwﬂaﬁiﬂqﬂ‘LUWNﬂLLﬂaqLLUU‘U@aQQE’WnQﬂﬁaﬁﬂumquui\?ﬂuqu

UM
SuUszavseadussnaumniige Vaneariiunain AC fuuseiugedmasatiu ( s3zUnadn 20% )
YBINTEUARARNY 0 . 30 60 90 120 15'0'

Pre-fault 7.15E-08 | 7.77E-08 |/ 1.24E-07 | ~8.07E-08 | 1.52E-07 | 1.19E-07
Phase A Post-fault 1.10E-03 | 9.00E-03 | 1.726-02| 1.74E-02 | 9.60E-03 | 1.40E-03
Pre-fault 1.35E-07-| 8.07E-08 | 1.52E-07 | 1.59E-07 |  1.06E-07 | 6.34E-08
Phase B Post-fault 337E-05 | 2.68E-04 |  5.18E-04 | 5.26E-04 | 2.88E-04 | 4.28E-05
Pre-fault 2.01E-07 | - 1.59E-07 |~ 1.06E-07 | = 7.77E-08 | 1.24E-07 | 8.24E-08
Phase C Post-fault 2.45E-05 | 1.98E-04 4.06E-04 3.90E-04 2.10E-04 | 3.57E-05
Zero Pre-fault 2.23E-08 | 1.49E-08 1.85E-08 1.49E-08 1.85E-08 | 1.53E-08
sequence Post-fault 2.96E-04 | 2.40E-03 | 4.60E-03 a.70E-03 2.60E-03 | 3.81E-04

e Y e 'p'hai.;'gﬂ

002 ~Ax= Phase B ||

0.01

0.005/

coefficients of high frequency component

,_nmm-&""#mamm_

150

[ ’lﬁ' PhaseC

B SREY, LA LT

210

inception angle of fault

270 330

‘i‘lJ'Vl 4.9 amycuvmf;Lﬂaﬂuuﬂaasﬂaamaw'svawﬁmﬂﬂiunaummmaamaw 1ﬂimmmwgamm
PPaIn AC mumeumama%amwmmq 9



o1

AULTIPUAT YAAIARDAULUUERTSILaINANEaRTl 10% UBI58uLIRAINT 4 (A) A1
duuszanshuma A azliFwndian uazAae 9 ananNszezYRaIn 1 90% Arduusyansluma
A gfiatogauddnnninvadilulafnwead 1ainueaind 4 (A) Wun1seevnalInkuuanis
a‘ = & ar :u' =3 (] s d} ql‘ qi
diaiianeadiuunaini ¢ (A) JdidwaiurnaInduLIN @UNTONERIRNTIT 4.5 warsuil 4.10

o o a £ ~ 2 @ a v YR
A15190 4.5 dudszdvdainad 1 veaeann1alundauualuuurnalInanIYTaIAUATLLTIAUMN
NILBLAN 9

duusrAnsesduszneunnuige \Rinvioadfiunadn A shuusefusdanasasiiy (uu 120 eaen)
VBINTEUANARNS 20% 40% 50% 60% 80%

Pre-fault 2.18E-07 2.00E-07 1.52E-07 1.53E-07 1.67E-07
Phase A Post-fault 3.23E-04 1.88E-04 1.48E-04 1.28E-04 3.54E-05
Pre-fault 1.17E-07 1.18E-07 1.09E-07 8.63E-08 1.24E-07
Phase B Post-fault 5.29E-05 4.00E-05 3.44E-05 2.50E-05 1.79E-05
Pre-fault 1.35E-07 1.78E-07 2.33E-07 1.77E-07 1.67E-07
Phase C Post-fault 3.50E-05 2.88E-05 2.34E-05 1.99E-05 1.28E-05
Zero Pre-fault 1.57E-08 1.46E-08 1.37E-08 1.15E-08 1.90E-08
sequence Post-fault 1.63E-05 1.10E-05 8.52E-06 6.90E-06 1.62E-06

| —e—Phase A |
8 --A- Phase B |
-=#=- Phase G|

Coefficients of high frequency components
B

10 20 30 40 50 60 70 80 90
% length of the low woltage winding

= ) a "oy a & 3 P = s a § =i
JUY 4.10 anwauzn1silasullasueInduusyanessausznoumungeanan 1 nsaunaneany
YAAIA A ATULIIRURIENIDTAIRUTTLELE 9
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Luamnmﬂaammamummwaam Tneianoani 20% YpIITELINaInT 4 (A) A1

ﬁuﬂsvawﬁmlmumLﬂaauuﬂaamummnmmam Fawla A wmmWaammméfuﬂivawﬁaanfawa B
wavina ¢ ldldAeroad u,avummaﬂmm 120 371 Hegaait 30 0N uagTiam 180 - 330
NGl uaﬂwmumauﬂivawﬁaﬂwmummnuuw 0-150 89F1 Lummrﬂ,manmmammauﬂsuawﬁ
LLaumwlmvmuamaanumummuaaaa 30 B4ANNIIENITADUAAIAKUY DY1 wamaamn s
4.6 Ltazgﬂw 4,41

A15197 4.6 FuUsyavisainat 1 veseannigluniowlaluuIAAINEAINTAIAUMIULIIAUAT

Fagsing
ﬁuﬂizﬁﬂ‘émﬁﬂwnaummﬁqe AaneadTiunan A funssfusindninsasiu ( ssevunadn 20% )
YDINTLUANAN 1 0 30 60 90 750 150 '
Pre-fault 8.72E-08 | 8.27E-08 | 1.30E-07 | 8.28E-08 2.18E-07 1.17E-07
Phase A Post-fault 1.15E6-04 | 4.64E-06 | 4.96E-05 | 2.06E-04 3,23E-04 2.74E-04
Pre-fault 1.38E-07 | 8.12E-08 | 1.60E-07 | 1.46E-07 R35E-07 1.05E-07
Phase B Post-fault 1.37E-05 | 6.876-07 | 5.45E-06 { 237E-05.| 3.58E-05 | 3.34E-05
Pre-fault 245E-07 | 1.57E-07 | 1.056-07 | 8.10E-08 1.17E-07 1.13E-07
Phase C Post-fault 1.906-05 | 8.35E-07 | 8.57E-06 | 3.41E-05 5.29E-05 4.44E-05
Zero Pre-fault 1.30E-08 | 1.46E-08 | 1.35E-08 | 1.71E-08 1.57E-08 1.61E-08
sequence Post-fault 5.85E-06 | 2.14E-07 | 2.52E-06 | 1.06E-05 1.63E-05 1.36E-05
x 10"

Coefficients of high frequency components

Inception angle of fault

—O— Phase A | ]
-nér Phase B |
<. Phase C | |

TlJ‘VI 4.11 dnwnensdsundasvasidulsy aw%aaf-ﬁﬂﬁmaummﬁmamaﬁ 1nselinnaani
YPAIN A mummumamaasamwmma 9
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4.2.2 Waann18TunionlasuuuvnaInanl9355endn9seau (Turn to turn fault)

ATULTIRUEA dlelAnuaaindniassewineseuunaind 1 (AC)  wazvihnswasy
fuvdimsifianeadvesunainges b (Wunainges a adl) wuAENUsEAVSlumE A e B
waziwa C aeflien q gaiumussesresnantos b Tnewd A wazila C fiAnduusyansge
niue B nssfieveadfivamndl 1 (AC) weiisvey 10% ArduuszAvivesva 8 fifnge
Tndifssiuia A fiineas uannsei 4.7 LLasgiJﬁ 4.12

o o a &£ = ¢ o 9] i v
AN 4.7 dudsedndanan 1 veseannislunliouualiuutnaIndneassEnIneseusuy
WSIAURNTITEEERN 9 VO3UAAINLDY b

fulseavsesdussnouniuiigs ievloasiitunaan AC FulsilgEnIssEnieseuInamn a-b
VOINTHUENARN (33 120 p4¢1)
: 10-20% 10-40% 10-50% 10-60% 10-80%
Pre-fault L.52E-07 | 1.52E:07 | 1.526-07 | 1.52E-07 | 1.52E-07
Phase A Post-fault 250€-02 | | 257E-02 | ~2.59E-02 | 260E-02 | 2.61E-02
Pre-fault 1.06E-07 | 1.06E-07 |  1.06E-07 | 1.06E-07 | 1.06E-07
Phase B Post-fault 1.03E-04 [ 148E-04 | . 1.61E-04 | 1.64E-04 | 4.426-04
Pre-fault 1.24E-07 1.24E-07 1.24€-07 1.24E-07 1.24E-07
Phase C Post-fault 2.74E-02 |  2.82F:02| 284E-02| 2.85E-02| 286E-02
Zero Pre-fault 1.85E-08 |  1.85E-08'|  1.85£-08 [ . 1.85E-08 |  1.85E-08
sequence Post-fault 8.30E-07 1.80E-06 1.83E-06 2.18E-06 1.10E-05
0.6, ¢ 3 i (
. - —e—Phase A
0.05, | '=+&x~ Phase B ‘.|
‘ e Phase G|
004 |
|
| L T St et

0.01|
o]

-0.01¢

Coefficients of high frequency components
o
o
_I\J

_0,02| =
10

% length of the transmission line high voltage side (subcoil b)

RS SO N S N .1

20 30 40

50 60

70 8 90

d o/ d‘ 1 s - a“ L3 :II ] =l a Gi
JUN 4.12 anvausnsidsuiuawesrnduussindesdussneuanudgiainai 1 nsdliianeadi

UARIN AC AIUUTIFUEIIAITIENINTEUTISEBEAN 9 vesunannton b
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dloifnunaindniaessevinesaveemni 1 (AC)  wazvinisiuasusuvianisiin
waaﬁmawﬂmmﬁjaa a (Wunaintos b Asfl) wuiAduUssavalua A e B uasiwa C 9ud]
AAsimusEEEIeeaIngoy a Taeia C fifnduUseavsundian uasiwa A Auia B mm
Fulsedvitosas uidduUssavivasiaumaliilndlAsefuivssuin 26-02 wanemnened
4.8 LLaz;;;Uw 4.13

= o a £ = ¢ o ) ' v
59N 4.8 dulsedvsainadl 1 weweadniglumioulaiuuurnaindnieasseninesausiy
LI9FUEITITEULAN 9 VBIURAINLRY a

z‘!’uﬂssam‘émﬁﬂi:naUﬂ'zmﬁg@ iAnvoasifiunann AC SruusafugiEnesTEinseInmn ab
VINITBUANARTS (3134120 BaF)
20-10% . | 40-10% | 50-00%. | 60-10% | 80-10%
Pre-fault 1.51E-07 1.52E-07 1.52E-07 1.52E-07 1.52E-07
Phase A Post-fault 2.36E-02 2.36E-02 2.36E-02 2.36E-02 2.36E-02
Pre-fault 1.08E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07
Phase B Post-fault 237E-02 | 2.37E-02 2.37E-02 2.37E-02 2.37€E-02
Pre-fault 1.83E-07 1.24E-07 1.24E-07 1.24E-07 1.24E-07
Phase C Post-fault 2.59E-02 2.59E-02 259E-02 2.59E-02 2.59E-02
Zero Pre-fault 1.42E-08 1.85E-08 1.85E-08 1.85E-08 1.85E-08
sequence Post-fault 1.73E-04 7.69E-04 7.69E-04 7.71E-04 7.69E-04
o S faa e P R L iinaa aasan s T/ A AP WD _ G-
‘ | —e— Phase A \ |
[ =+~ Phase B
0.027 : - Phase C |

0.026i O o N T o TR\ Y

0.024 ‘ i

e - S

0.023 |

Coefficients of high frequency components
o
o
N
w

(1 5 ) ISR, I SN PETRE S _.__.l_._____.l____._J‘
10 20 30 40 50 60 70 80

% length of the transmission line high voltage side (subcoil a)

o ) a | ey a £ ¢ a =i o a ¢ a
JUN 4.13 anvugnsidsunlamesiduysednsesausenounnuiigeainadl 1nsalifiaveadd
YPAIN AC AUKTIAUFIAATTENINTaUTISzaza 9 vesunaIndod a
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Wievihnsdsuwdasuiianead lagianoadsznineseudl 10% vedsvuznain

dov a fis 20% Yo IMMINGeY b YeIwRaIN 1 (A-C) Adudszavdfiladandieunuamuyud

NiaWead Jawa A waziwa C Miianeadiliadudsyandganiuna B8 nlaldifiavead wasd
Agegaiina 120 a3 Uaegnil 30 09m1 wasiiyw 180 - 330 9er1 HdnvazArduUssand

=

£
a

anwuz@gfuLud 0-150 pa Weasanldenidaesaduuszanidalaafiduniuin wanass

M5 4.9 wargUvl 4.14

< a a £ al ¢ 2/ W i v
M157°47 4.9 duUszavdainadl 1 veseadnelunilauUauuuunaInanIa9sIEnINTaURIY
WS TYUEAN 9

@ * ST -1
duszavoesUsynoumINige

= -l i ) ) '
anwaaﬁwﬁﬂﬂ?ﬂ AC ﬂ']u“ﬁﬁﬂug_\iaWQGQiiﬁﬁqqqﬁaU%ﬂa‘jﬂ a-b

YDINTTUANAANY (szyzUnaIn 10% = 20%)
iy 30 60 90 120 150

Pre-fault 7.15E-08 | ‘8.08E-08 | 1.24E-07 | 8.07E-08 | 1.52E-07 | 1.19E-07
Phase A Post-fault 6.20E-03 | '3.49E-05 | '6.30E-03 | 1.88E-02 | 2.50E-02 | 1.87E-02
Pre-fault 1.356-07 | 1.21E-07 | ~1.52E-07. | 1.59E-07 | 1.06E-07 | 6.34E-08
Phase B Post-fault 1.76E-05 | 3.89E-06 | 3.73E-05 | 453E-05| 1.03E-04 | 3.82E-05
Pre-fault 201E-07 | - 1.38E-07 | LOGE-07 | 7.776-08 | 1.24E-07 | 8.24E-08
Phase C Post-fault 6.80E-03 | 3.82E-05| 6.90E-03.| 206E-02 | ~2.74E-02 | 2.04E-02
Zero Pre-fault 2.23E-08 | 2.14E-08 | 1.85E-08 | 1.496-08 | ~1.85E-08 | 1.53E-08
sequence Post-fault 7.98E-07 | 851E-07 | 7.44E-07 | 7.20E-07 | 8.30E-07 | 7.74E-07

0.035‘ > & T 3 - 7

| - aSrap |

R JL : . Phass C ||

w‘k b _.'.H"‘_, & l

Coefficients cf high frequency components

Inception angle of fault

o Y = | a £ 4 a a o a -
JUM 4.14 dnvaismsidsunasuesiduusyavsesrusenauanudigeanadl 1nsaliiavioand
IARIN AC AULHAUGIATTENINTBUTLEN 9
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Fuuseu Weinunaindnieasseninssouanaind 4 (A) uagynsiUBsus L
msiAaveadvesunmntes b (anainges a Afl) nuirmdudssansluma A wa B uasina C
wilensiidlewdeussesvawemndes b Tnowa A Tenduuseavigeniuna B uasiva C
WARIRNSNT 4.10 Ltangﬁ a.15

= s a & q‘ L3 2 [ 1 i3
A15197 4.10 duUszavanan 1 veseadniglundautasiuurnaindniaasseningeuniu
WIIFUANTISEEANN 9 YasunmInteY b

é’uﬂﬁsaw‘ﬁ{aqﬁﬂisﬂaummﬁqa \ineadfiunann A FuLsIiumEneeTsEINIToUIRaIA a-b
UVDINTEUANARAN (3u 120 0471)
10-20% 10-40% 10-50% 10-60% 10-80%
Pre-fault 1.52E-07 1.52E-07 1.52E-07 1.52E-07 1.52E-07
Phase A Post-fault 5.32E-04 5.32E-04 5.32E-04 5.32E-04 5.32E-04
Pre-fault 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07
Phase B Post-fault 4.38E-05 4.36E-05 4.36E-05 4.36E-05 4.36E-05
Pre-fault 1.24E-07 1.24E-07 1.24E-07 1.24E-07 1.24E-07
Phase C Post-fault 8.46E-05 8.46E-05 8.46E—05 8.46E-05 8.46E-05
Zero Pre-fault 1.85E-08 1.85E-08 1.85E-08 1.85E-08 1.85E-08
sequence Post-fault 2.49E-05 2.09E-05 2.49E-05 2.09E-05 2.50E-05
‘ l —e— Phase A ||
2 7k | m=fe- Phase B |
! R PhaseC|‘
2 gl ey ==
5% \
L | © < @ * ot @~ o—3 \
A \
g |
g
£ |
< 3l
o |
£ | ’
g 2! {
% |
o1 S SR oo P TURIPIOE LURROIUE SUBP GRS o
| A————-;ér-———w&-—m-«-:ér---w&----z&. ----- A mu,a. |
L ~ = . P ]
4 10 20 30 40 50 60 70 80

% length of the transmission line low voltage side (subcoil b)

= ar n‘ e E=Y c.'i’ [3 al i =l oa & =l
JUM 4.15 dnvaugnsidvuudasesiduysyaniesAussneuanudigeainad insdlifinneani
YARIAN A PIURTIAUAIENNATTENTNTOUATLELHN ) VDIUAAINEDY b
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LﬁaLﬁm’umamé’ma%sijN59%%1@17{ a4 (A) wazvnswasudiumdanisiinnead
ypsnaingey a (Wunalntee b fafi) wmwméfmﬂvawﬂmﬂa A wa B uagiwa C 9 uﬂ'wmﬁ
ANUITYLUDIVARINEDY a LABLNE A umauﬂivawﬁmmmam W B waziwa C I LARRNS T
4.11 LLafng‘m 4.16

] as a £ = < ] ) ' v
A5 4.11 Sulseavsanad 1 vesleadngluniialUaaluuIARINaNINTTIENINGBUMUY
LsadusTisyEerne 9 ve3URaIngeY a

Susvavdesrusznaummidias eroariiunann A fruussdusndaaasseniiseuynaan ab
YDINTHUANAFN (4u 60 D7)
20-10% 40-10% 50-10% 60-10% 80-10%

Pre-fault 1.52E-07 1.52E-07 1.52€-07 1.52E-07 1.52E-07
Phase A Post-fault 5.30E-04 5.30E-04 5.30E-04 5.30E-04 5.30E-04
Pre-fault 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07
Phase B Post-fault 4.41E-05 4.41E-05 4.41E-05 4.41E-05 4.41E-05
Pre-fault 1.24E-07 1.24E-07 1.24€-07 1.24E-07 1.24€-07
Phase C Post-fault 8.46E-05 8.47E-05 8.47E-05 8.47E-05 8.46E-05
Zero Pre-fault 1.85E-08 1.85E-08 1.85E-08 1.85E-08 1.85E-08
sequence Post-fault 2.51E-05 2.51E-05 2.51E-05 2.51E-05 2.51E-05

Rl o o eV A I Sy ;

\ —e&— Phase A

7 | -+l Phase B |-

‘ _-j.-*ﬂ'--' Phase C |

6 1

' ——o —0—0—0—0 e \

Coefficients of high frequency components
-y

|
1 Y SR SO SO PR R T - ¢
‘ A——--ﬁf-w-zﬁ. -mar-u &m———-ﬁ ----- gAY ;

w2 30 40 80 60 70 80
% length of the transmission line low woltage side (subcoil a)

51114 4.16 anwmvmsmJaauu:uawaqmamivammmjﬁvﬂaummmmamam 1nsaifnnean?
YAAIN A AL UAN a9 TENINTaUN SEEA 9 YDIVARAIALDE a
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mammiLUaEJuLLUammanaam Imamwﬂaamvmmaum 10% VDITLYLVARIA

g9 a 09 20% VBIVINAINYDY b UDIUAAIN 4 (A) mauﬂsuamﬁmlmumLﬂaﬂmmaamuuumnm

Woar Fuwa A wmﬂwaamumauﬂivawﬁaammm B wawwla C flaldiAnnean LLauummaw

4y 120 NG uaﬂamw 30 94941 LLﬁ”‘Wm.I 180 - 330 89A uanwmzmé’mﬁvawﬁaﬂwmumsnrru
<

mm 0-150 94F1 LuaﬁﬁﬂﬂlﬂEJﬂﬂ’lﬂx‘lE‘iEJs‘lmﬁ?ﬂﬂi”ﬂ%ﬁ%ﬂﬂﬂ’mm‘uﬂ’m’)ﬂ LLaﬂammiww 4.12
LLaxg‘U'ﬂ 4.17

= @ a £ P v ) ' %
A15190 4.12  duuszansarnan 1 YaanaadnelundaLUaluuTARINAANITIENINTIUANY
WIATUALNAY 9

e‘fnﬂssﬁ*n‘éaaﬁﬂszﬂaummﬁgq \Renoarfiunain A ﬁﬂumaﬁuﬁwé’mwﬁswimawhmﬂ a-b
YDINTHUARANTY ! (5zuzunain 10% - 20%)
0 30 60 90 120 150 _
Pre-fault 7.15E-08 | 7.77E-08 | 1.24E-07 | 8.07E-08 1.52E-07 | 1.19E-07
Phase A Post-fault 1.82E-04 | 5.86E-06 | 8.84E-05 | 3.46E-04 532E-04 | 4.48E-04
Pre-fault 1.356-07 | 8.07E-08 | ~1.526-07 | 1.59€-07 1.06E-07 | 6.34E-08
Phase B Post-fault 1.68E-05 | . 7.20E-07 | 7.17E-06 { 3.00E-05 4.38E-05 | 4.04E-05
Pre-fault 201E-07 | -1.596-07 | 1.06E-07 | 7.77E-08 1.24E-07 | 8.24E-08
Phase C Post-fault 2.94E-05 | 2.28E-06'| 1.44E-05 | 5.51E-05 8.46E-05 | 6.91E-05
Zero Pre-fault 293E-08 | 1.496-08 | 1.85F-08 | 1.49E-08 1856-08 | 1.53E-08
sequence Post-fault 8.38C-06 | 887E-07 | 4.11E-06 | L.65E-05 2.49E-05 | 2.13E-05
X 10'4
T v, = £A2 —
| l -—&— Phase A l
Gi --w.‘.'-}r Phase B |
*ﬁ' - Phase C ||

Coefficients of high frequency components

Inception angle of fault

31]17‘1 4.17 anwmvﬂmﬂaﬂuwawmmawﬁ awaaaﬂﬂsmaummmaqamam LnsehiiaWaadi
VAN A mmmamumamaaﬁzmmaumuma 9
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4.2.3 Waadnreusnudaulas (Transmission line fault) nsiinWaanniguanme
wlasazivuslvinifouvanlugegudnaruazvsspzvosanadwdsiunuszsganuvinaremilo
wasiasnuygund (Hausasuilvifings) wazsuvdend (Hauseduluiei)

ﬁwmaﬁ’uga dloanearnieuenvsioulasiitia A ﬁwmmﬁuqaLLazﬁﬂmiLU%Uu
Muntinsifiaweaduedssazansds wulnAmduUszAvsluma A avilAmnninga 8 uagina C
lilsiAawead Aduussavveana A szfidanamussosinefifinty insgiedidusves
srgrvaTiinntuansiinveadlnannusiouannniuwiliaduussavitanas uanimsned

4.13 LLa::gUﬁ 4.18

M15199 4.13 FuUs

'3
a a

gividainan
NTTULANY 9 vasanudl

1 maaWaaﬁmauanmﬁaLLUaaLme YANANNITAIAUAIULTIAY

dulszdnsasnuseneumuigs

Waveasivla A sunssfiugavesenadsdnasasiu (yu 120 o)

Yoinwughgn 20% 40%. 50% 609 80%

Pre-fault 1.52E-07 1.52E-07 1.52E-07 1.52E-07 1.52e-07
Phase A Post-fault 6.74E-01 1.37E-01 8.71E-02 6.03E-02 3.39E-02
Pre-fault 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07
Phase B Post-fault 2.30E-03 1.10E-03 9.90E-04 1.40E-03 1.80E-03
Pre-fault 1.24E-07 1.24E-07 1.24E-07 1.24E-07 1.24E-07
Phase C Post-fault 3.80E-03 1.70E-03 1.30E-03 1.60E-03 2.00E-03
Zero Pre-fault 1.85E-08 1.85E-08 1.85E-08 1.85E-08 1.85€-08
sequence Post-fault 2.02E-01 4.51E-02 2.86E-02 1.98E-02 1.11E-02

07 [ 7= — o -9

| i —&— Phase A |

= 06! ‘ -+8c- Phase B |

@ ‘ ‘ ’A" Phase C ||

N F

§ 05 1

§ 0 |

g |

En 0.3}

'é‘ 02, ;

g | :

ol |

% lenght of transmission at high voltage side

= @ a W a & I3 = < = a ¢ o
JUN 4.18 dnvarnsidvundasvesandulssandesrusenauanudasanadl 1 nsdiiiaveand
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YINTTUANAAN 0 30 G0 mf, 90 120 150

Pre-fault 7156-08 | 7.776-08 | 1.24E-07 | 807608 | 1.52E-07 | 1.19E-07
Phase A Post-fault 5.80E-06 | 2.28E-01 | 6.72E-01 | 8.98E-01 6.74E-01 2.24E-01
Pre-fault [ 35E-07 | 8.07E-08 | 1.52E-07 | 1.59E-07 | 1.06E-07 | 634E-08
Phase B Post-fault 7356-08 | 7.50E-04 | 2.10E-03 | 290E-03 | 2.30E-03 | 7.46E-04
Pre-fault 5 OLE-07 | 1.596-07 | 1.06E-07 | 7.77E-08 | 1.24E07 | 8.24E-08
Phase C Post-fault 9.556-08 | 1.40E-03 | ‘G:00E-03 | 5.00E-03 |~ 3.80E-03 | 1.30E-03
Zero Pre-fault 523608 | 1.496-08 | 1.856-08 | 1.49E-08 | 185E08 | 1.53E-08
sequence Post-fault 1 55606 | 6.84E-02 | 2.02E-01 | 2.70E-01 | - 202E-01 | 6.72E-02
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dulszAnsesdussnoumuiigs imvioading A sulisssushvesanedsdmsvsasiu (324 120 971)
UYBINTTUANAANY 20% | | 40% 50%. 60% 80%

Pre-fault 1.52E-07 1.52E-07 1.52E-07 1.52E-07 1.52E-07
Phase A Post-fault 7.68E-02 3.01E-02 1.93E-02 1.30E-02 8.40E-03
Pre-fault 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07
Phase B Post-fault 2.29E-04 1.57E-04 2.34E-04 2.84E-04 2.93E-04
Pre-fault 1.24E-07 1.24E-07 1.24E-07 1.24E-07 1.24E-07
Phase C Post-fault 6.89E-02 2.44E-02 1.50E-02 9.70E-03 5.60E-03
Zero Pre-fault 1.85E-08 1.85E-08 1.85E-08 1.85E-08 1.85E-08
sequence Post-fault 1.76E-05 2.01E-05 1.85E-05 1.48E-05 7.75E-06
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% lenght of transmission at low voltage side
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Susvavsesdussnaumuiags | iavpasivia A Frunsatusesaededniasaiu ( szozenuds 20% )
YDINTLUARAA 0 30 60 90 120 150
Pre-fault 7 156-08 | 7.77E-08 | 1.24E-07 | “8.07E-08 | 1.52E-07 | 1.19E-07
Phase A Post-fault 2.66E-02| 8.41E-04 | 1.26E-02 | 5.06E-02 | 7.68E-02 | 6.49E-02
Pre-fault 1356-07 | 8.07E-08 | 1.526-07 | 1.59E-07 | 1.06E-07 | 6.34E-08
Phase B Post-fault 7.99E-05 | 2.64E-06 | 3.82E-05{ 1.54E-04 | 2.29E-04 | 2.06E-04
Pre-fault 2 01E-07 | 159E-07 | 1.06E-07 | 7.77€-08 | 1.24E-07 | 8.24E-08
Phase C Post-fault 239E-02 | 7.54E-04 | 1.136-02 | 4.54E-02 | 6.89E-02 | 5.82E-02
Zero Pre-fault 2 93E-08 | 1.4096-08 | 1.85E-08 | 1.49E-08 | 1.85E-08 | 1.53E-08
sequence Post-fault 6.11E-06 | 2.31E-07 | 2.75E-06 | 1.10E-05 | 1.76E-05 1.49E-05
0.1 L 8 Iz e e ,
i " @— Phase A ||
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inception angle of fault
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4.3 dane3iuntsaireteulvvesdrduustanslunisutsuenusennoad

a]'mwqﬁﬂﬁiwuENF]"]ﬁmﬁsvawéﬁlﬁaﬂﬂmmmaanwLﬁmwudﬂﬁiwﬁlﬁwaaWaaﬁLmav
UsstavilanuuananedudaanuseadradeuluieutawenUssnviveadls lnguvatayananiiu
2 fe Toyadmiuldlunsadraieuly 50% wazdoyaduiunaaeu 50% Lfeswinlunis
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VOINTEUAVAALING ( per) AndUsERVSIN TR (prir) AdusEavsaniian (pur) uamald
mugﬂﬁ 4.22
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Amax . FBmax A0 max Zeramax
.
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AZ may,

U NG

NS

[ Fault Classmcatlon by Algorithm \2)

'
/'\
7 diff i y T
(<. {
| bR ¢ thm <10/
!|' | No
External fault at high .} Yes iy |
i voltage side r \ 3<th <3/ |
-------- =TT :
I No s
; / \ Yes / Yes [ e ]
v . > diff’ diff \\ Interturn fault at low
Winding to ground faull! \thn\ s 500 /" F min < 2 J voltage side
L at highivT)\tagVe'side J \_\/ \““\, | AREHEER Iy

No No

— S Yes i \\\"'n . - 1
| External fault at low I o i \\_\ < Phdﬂ‘ & 100 Yes ) b! Winding to ground fault |
vnlrage side I‘ '-Ph\ﬁ 1 5000 ﬂ/) | atlow voltage side
| No |

! l Intertum fauitat hagh L
voltage side J

| PR

31Jﬁ 4.22 LLN‘LJNQLL&NN’JUI‘I WARINITLUILENUSELNNWER
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PréT = AduUsedvisasanntendinisiianeas
VOINSWSHUNEY (1l T8 o)
Pri = Andulsgdvisiganiendinisiianeadn
= =l
veamsisguey (7 o W S
PrT = ANsTINdNUTEVEgIEanevaInsiianeadves L o st T8 i oty T o st ?

sum

| = a € t% ' ' ar
Tudainmsssyemanidaveandlumioulaszutmeadesnitu 2 ngumeiy
ﬁaﬂaaﬁﬁmmd%ﬂ (High voltage side) wasweasauusesii (Low voltage side) ilasanwila

wasiildvinsvaassiudunmieulasivy DY1
| a o = T M I a < v
mIsgyIaaInmiavearniaulsgelteulehe pr @ Aewanlifiaveaduayly

< o o a
Fowlaivdeszyduvaaaiiiaweas
P P Y o a a - o a ¢ P
mM3sgyvaaniianeanniseulsnineulvie pp @ Aaaiiianeaduaste

=l LY o a s
WEINUYRAINALAANDAS

= I 2 0 ) = ¢ o
M50 4.17 mauﬂisawﬁmﬂmmmaﬂL'J‘wLﬁmn‘smmammdwuauﬂaa

7 HARINSYWANTLRE Naans

‘U‘Elg’ﬁ
[‘T’:E]Ej’]q l:{:;gr,mﬂx( post ) Igfzﬂ,.max(Posr) Ig{/j,f,max(,m“) Ph:j{]' Ph:i‘?‘ Ph::f’ ﬂ']‘iLﬁﬂWE]ﬁ\ﬁ
A7ae19 1 3.69 0.11 0.08 388 | 3.69 | 0.11 Apand 2 (BA) dnaansasiiu
faetg 2 19.81 2.16 3.24 25,23 | 19.81 | 2.16 nanil 4 (A) dn995a9dy
f79819 3 30105 124 32995 63225 | 32995 | 124 | asmind 1 (AC) §29955uMInesou
faene 4 21.35 1.76 3,40 2653 | 2135 | 176 | wnaaail 4 (A) Sanansseninegeu

- W a Saww al
A15199 4.18 Anduseansilaanulasavidansaineadneuanuisutas

%’a.ga WAFNNNILLAIINILAEL NARND

ar ' di di di i i i a ¢
Mgl |y |7 sy | W | PHE | PRT | PR nsiiaviaas
#79¢79 1 3.33 0.011 0.018 3.36 333 | 0011 | weadnsuanimuLIIiuga
M9t 2 4359 13.03 3911 8283 4359 13.03 WoaRAUUBNATULTIAUAT
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ERY ' < A o 1 Ay w ' - ' I3
NSBENNINNTIN 4.17 - 4.18 WehAmlauriulaulumsuususginniead

P < = 3 1 ' | a 1 o o
AU 4.21 essyusaiavmisiianload wu A191NR15199 4.17 feg1eil 1 PAYT = 3.88 uag

: P a ) a v W Y a &£ “"; W o
PHT = 3.69 as_ﬂ.‘uﬂsmﬂ'ra'mm«mmﬂamamiaqmummmmuqq AduUsEansa C drAntauian
v a a ¢ Vil o Y ' o & a
lnvunaIniianeanmea UnaIa BA agunnAuansluaisnem 4.17 freged 1 Aainvoan
o a a = 1)
PRAIAN 2 (BA) an925890U LLam'LugUw 4.23 Jusu

I diff Idiﬁ [dr'jj" e
A,max . B,max . C,max Zero,max
i x10 x10 )
o 9.60e-3 i 2.88e-4 i 2.10e-4 i 2.60e-3
0.005 r 1 r 1
‘\\
0 o el

0 0.05 ot 0 0.05 01

diff diff
IAZ‘nmx ]HZ .max C7 ,max

4 0.2 0.1
369 011 0.08

0 005 01 o 0.05 0.1 0 0.05 01

l:‘ a 1 ! a = ;g" 1 = L3
UN4.23 shathwasidssavsnldlunisuusssiavnisiinnaas

s 1 P - - - = a as a
FIBYNIN 2 PRI =125.23, PHT = 19.81 wagprl= 216 aq"luﬂmm'ﬂ.ﬂﬂwmﬂamﬂ%amu

W i "\ a n S | =l o H a = o -
FAULTIAUA ArFUUTZANS INE A ﬁmmrmqm%lmmmammmmﬂaam’ma Ypaan A aguanam
:Il at 1 =dl =y =Y s A L7 =Y
WARIlUAI199 4.17 freeei 1 Aoifevoadana1af 4 (A) §a1995a9aY

LY i o = i = s 1 2/
AIBUNN 3 PR = 63225 Wag PH" = 32995 aq’iuﬂigﬁﬂmnwma'mamwﬁzmwﬁaumu
w | as ] a1 v o 9 = ¢ P
WIINUG ArauUsEanswWa B umuawqmﬂmmmwmmWaamﬁa URAIRN AC aq‘ummmam

.:‘ as 1 4 =4 =Y s cl' ot 1
Tum15797 4.17 fegedl 3 ABNANDaRURaIAN 1 (AC) aNNTTILNINNTDU

MIBEWA & priT= 2653, T = 21.35 uay pr= 176 eglunsdinisiinunaindniees

sum

1 Y " o £ a1 = v o a =
SYNINNTBUAUNTIAUAT AnduUszAvdma A Tdunniigeazldvaanafitinroadfe vaain A

' " el P at 1 - <4 = = @ !
aquanAuandlun1sni 4.17 fegi 4 Aaiavearunaindl 4 (A) Anassewinesey
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= ar 1 o " . = = (3 2 a
AT 4.18 Mg 1 Pr™ = 336, P = 3.33 sglunsdinsiiavlaadneusnanulsmugs
Y e ) ) a a ¢ v Y v

MDY 2 PR = 8283, PHT = 4359 aq’luﬂmmiLﬂﬂﬂ@ﬁﬁ]mauaﬂmummum Wugiu 91n
Toyaviavun 3600 Teya n1sadndaneifvausautuenUssinvveadidfinaugneedlaysiy

= 9 =
Usgund 91.5% WanIs1eaglennIn131eNn 4.19

= i 9 o e
M1319% 4.19 asuilesidudanugninssinnisulalenieanmedanaiiu

- efn YAAINAAWITAAUY | UABINENNDIIENINTBU Meuanuawdas Wedidud
ylanaaninnlu = = = — = — .,
WIIUE | Wianud | wseeugs WIIIUAT | USIAUEN [ useAush | AIWNGNABY
v v oo
’UEll‘JlﬁE‘i'i’l\‘IN@u‘l‘U 162 162 648 648 90 90 91.5%
Jayanaaau 162 162 648 6438 90 90 91.5%
Wosidusdaugndes | 65.43% | 83.33% | 92.90% 97.99% 87.77% 100% 91.5%

m‘st.a‘u'qLL&ﬂﬂﬁsLﬂWW@aﬁﬁ@aﬁﬂmmanﬁﬂﬁmadmﬁmUixﬁw‘éﬁiﬁﬂﬁﬂmsLL‘Uamw
i Tnenslddoyalunisadretenly 50% wasdayanadou 50% mugnieslnesuvasdeya
nagey SansifavleadusayUssinnegiiunnnda 80%  eniiunisiinuaaandaisasasiufiu
usasfuge andeulonuguil 4.21 | ansaudauendsziannisiinunaindmisasasiuld
ANuQNABIBLT 98.76% wdlimnufswarnlunisszyuaaiaiiionean inedndeululunissey
wiansiieviaesife Wenduussansalsannsulatidnitesigrtioitliianead Mvdedn
2 wielvifiedndudevemeiifonead uirndulsyavdaldinmsuwanavidnssiisdasfanio
W Wy vaasiil 20% vewmain AC AduussAviTivla A asfirmmniigamszagindina A un
fign uazwia B uaz C efiatioelndidseiu wiguna C Sandopiian vrlvnsdivsssyuaaini
evleadae aaain BA 1Wudu Gedunalfannginssuiided 4.2.1 Weadngluniouvasuuy
VARINGAIRTAIAU (Winding to ground fault) FINuKITIRUES ﬁaﬁé‘%%’dﬁmama%’wL'fi'aul’whﬂ
9 Lwiﬁ“l,aja']mmﬁﬂ'lﬁﬂ'nugnﬁauﬂuﬁﬁwwa‘tﬂlﬁ W99 ANSH NI AINUUULABHINING
srulgundl (Fausesulniings) vildailldtauduiussutone

G'faﬁu'usg"’j%’EJ%'alﬁﬁummmﬁmﬁﬂ%wﬂﬁﬂﬂmuay'm'ixﬁwﬁ (Artificial Intelligence : Al)
Wanldlumsudlutlgmdsnandiaunsowanssesadealiluundely
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4.4 wuaninsihdayaaseunuszgndldau

Source

@/L

Transformer

Java) AN
Substation J ' @I) {r
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5
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I
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|
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|
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Fault Classification | Z\r
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P aw A ° [ = v
WesnnewiTeililunisdrassssuulndadmislusunsy EMTP/ATPDraw  iivelwilel
@ s :5 - nl v !
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' i 2 ° a fY ad & v & 4 v
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v s ;73 U = - ey -] v “ ‘é -y
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r‘:l; s -] ) 4 ¥ = 1 1
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T1aesszuuMInTIUAY gt laldmlauUainseua (Current Transformer: CT) 4119
400/5 Arulgugdl uaz 2000/5 drunFegll Tlunsdlvewmiiaudasuuin 50MVA,  115/23 kV
o s 1 q‘; 12 o o/ 44 =
UdygnuminadiinsewavesitaualaznIzaeAUsEnavauaug 1NallATIeiae
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s . =3 o w = € LY 1 ]
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1 4w A o e’ o 1 pei v =l =
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@ Y ¥ 1 oa (-1 & i & | cal a &
asrvdulanarinianeastuluszuulihduneunelufenisuiauenussinnusaoan Mindu
a v v o
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o AJ = 1 A a é’ U ﬂl
Twinden 4.3 Asnmsuvsienyssianvesaadnitatulussuulni Taeasldrgegan
¢ P P Py o w o
lannsulasidnesdUszneuninuiiganad 1 fildeninasdeuaizeanszuaianua
IuvsesAUsEnavEIduAudMoN L iunIsuguR 421 BadunsiAnduuszansaes
(3 o a I at =y q‘ 5 9 '3 so
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| Fault Classification by SYM
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Models of SVM | Output of SVM | Classification of fault type Types of fault
1 External fault at high voltage side EX_HV
in_ex 2 External fault at low voltage side EX_LV
3 V Internal fault Internal
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Tunadl 5 avanmnsnszysinanufionsacsznm T1-2 kay TT-5

Tuwatt 6 ayanunsnszyvlnnnulansosssan T1-3 uay TT-6

Fadeszyinfavoadnelundiaudasiuneudeunde ssyyUasnnuazUnaIndiLin
weaslnglddeya 6. gaidudunnldiuie 6 lana Taoudazluaasgiirauouuiuly il
wanidssdgmivasrnufiananauuugnlgmazininiu q snsvuaumsiUsenysuanneadnas
THordduwnrudinssuiumsdmneinnameiusydufiaslueg lagleviynveslunausnay
L‘?JU@UWWUENIML(v‘laﬁﬂlﬂ"?ﬁ:da’lf\]%ﬂ'E)aLﬁLﬁﬂﬂWi‘ixqﬂﬁﬂﬂ’lwaﬂwfadﬁﬂﬂwLﬂﬁn%ﬂz’iémaLLU‘UQHI‘(J'
saiilosiuly wasiliosnndeyaiilisuuinnivaududouvesteyaieliaunnlidwnosin
nnwedifiemilduawaiiossyreadiy 12 vlald FdunuidedildiBmslagidunmdiog
nszuMsTwasanmme SurTundauiu 6 TuinadeusasTuinasriudurnnilouq fu uay
1ﬁtmv‘1waaﬂuﬂ%&LLsiazT.uma%‘Iﬁﬂ"}LmﬁvgwmumwmmmﬂmLLﬁiazT,umamummaﬁ 5.2
udrroenadnsing iy fagud 5.1



T2

A5 5.2 wvinvlueavasinnesnonweiuueludmiunsseyailanead

Models of SVM | Output of SVM Classification of fault type Types of fault
1 Winding to ground fault at coil 1 (AC) WG-1
1 2 Winding to ground fault at coil 4 (A) WG-4
3 Other fault N/A
4 Winding to ground fault at coil 2 (BA) WG-2
2 5 Winding to ground fault at coil 5 (B) WG-5
6 Other fault N/A
i Winding to ground fault at coil 3 (CB) WG-3
3 8 Winding to ground fault at coil 6 (C) WG-6
9 Other fault N/A
10 Interturn fault at coil 1 (AC) TT-1
4 11 Interturn fault at coil 4 (A) TT-4
12 Other fault N/A
13 Interturn fault at coil 2 (BA) TT-2
5 14 Interturn fault at coil 5 (B) TT-5
15 Other fault N/A
16 Interturn fault at coil 3 (CB) TT-3
6 17 Interturn fault at coil 6 (C) TT-6
18 Other fault N/A
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1oas L 1
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\ddruAasiuE (Gaussian Kernel)

Gaussian kernel: K(x,y) = exp(—yllx — y||?) (5.1)
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Indluidlgaaasiua (Polynomial Kernal)

Polynomial kernel: K(x,y) = (1+ (xTy))P o p > 2 (5.2)
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—E— accuracy of training data ()
= average time (sec)
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Input

Y
Scaling

Random Parameter by PSO
P, C, QP condition

Y

Mapping by using Polynomial Kernal
K(x,y)= (1+(x"‘ y))”

Y

Quadratic Programming Vary Parameter by PSO
max imize Z:’ilai 75221211 a,ajdidjx;rxj. D
subject to: Z:‘;Id:a; =0, 0%\ & G
QP Condition

A

No

Accuracy 99%
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SUMMARY OF CHARACTERISTICS AND GUARANTEES
AT 50000 kVA BASE
No. Test items Test Guaranteed
results values
1 |No-load current at rated tap of HV side.....cooioiiiiiniiiiinnn 0370 A &~ 07 A
D | NIOIOR 088, .ouuuvsesmsnsursnerssmsesssensesssiss556586555 T RAPES L Rpeps s vz 23.0 kW | < 23.5 kW
3 |Load loss at 75 °C on :
= 126500 V 1aP...ceirecerirrereereisimisensminssnsssssssssssssnsssesesssssissases 136.0 kW - kW
- 115000 V tap (1ated ap ). eeeveeersesmmrmmmseerecsimmmmmnnnrsesssssnes 130.7 kW | < 132.0 kW
= 103500 V 8. c.cceeiiienrniierrieieseisie s 157.2 kW - kW
4 |Total losses at 75 °C on rated o I, ~SRTRSERRR 153.7 kW | <& 155.5 kW
5 |Short-circuit impedance on :
- 126500 YAARE......... s OO M A oA sin e N Ry 15.98 % - %
- 115000 V' tap (rated tap ). e cssnnnnsnneenie 1517 % |[14.17-15.83 %
- 1030 V mps )l R e e g T A 14.62 % - %
6 |Efficiency at 1.0 p.f. on
o /) SRS oy WA (" o Wh - W 5o W0 SN - &V 99.68 % - %
- 115000 V tap (rated tap l.....ioiiitmsime it cninnc s 99.69 % - %
4 103800 @ taL25) \N /- Y. 485, B LMo 47 L282¢E1..- K, 99.64 % - %
7 |Voltage regulation at 1.0 p.f. on
B B £ 0700000 DAY/ S0 A\ (AR B 1.55 % - %
11 ISOO0NRE tapiited® oD, ) A A AR AT A -y bnag ol b 141 % |[1.26-1.52 %
L Y03500 V48|10, - [HESBEROIREERD 1 < 4118 A, 1.38 % - %
8 |Zero-sequence impedance on :
- W60V tapae . D U - AL SRR 1621 % -~ B
- 10R00SH stap { rae A HAR P ) QuaDmg: - 48 TAFT oF o covevensere 1541 % -~ W
- 103308 Vahp. SN ...l 14.87 % - %
9 |Sound pressure level at :
- 30000 KWMEANGONANG), oo Haise e AYoe o N e egfagllie 64 dB(A) - dB(A)
- 40000 kVA TQNAE)... .. MOLLOL L. o . 68 dB(A) - dB(A)
- 50000 KkVA ( ON AT ot vesssssisssssasss 69 dB(A) | < 77.0 dB(A
10 | AUXIHATY L0SS.rvverreerreerioeesveesessoseeeesssesssssssssssessssssssssessessssssseesssssnssees 230 kW | & 3.0 kW
11 |Temperature rise at :
- 30000 kVA of :
£OP Ol TEMParerrevorererveeeeeeessessssssssssssesssssessssessssesssssssssssssee 405K | & 500K
average temp. of HV Winding.........cccoooeememmmrevmeeeeenns 42K | & 550K
average temp. of LV winding.......c.cocviivnnnneinieniciinicnnn 447 K & 550 K
- 40000 kVA of :
£OP Ol TEIMP.rrrrvveeeeeeeessvesssissssssssssssssseesessecssssssssssssssssanens 415 K & 500 K
average temp. of HY winding.....comiiemimmmnasassss 451 K & 550 K
average temp. of LV winding....coumsmsmomnmmmssms 456 K & 550 K
- 50000 kVA of :
FOP Ol EIMP..eeriveissivsinssassessssessisesesssnsssesssmese s sssensspsssesiessns 455 K & 500 K
average tpmp. of HY WINAING,..pimspmessigpesssosisessnnisns 504 K & 550 K
gveragt temp. OF LV WINGINE. ... comsroimsemssinreisssssanisrassniss 49.6 K & 550 K
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MEASUREMENT OF VOLTAGE RATIO

Connection symbol : Dynl

Date of test : July 9. 2002

Tap HV/LV HI-H3/X1-X0 H2-H1/X2-X0 H3-H2/X3-X0
pos. Voltage Calculation| Meas. |[Ratio error| Meas. [Ratio error| Meas. |Ratio error
(V) value value (%) value (%) value (%)
1 112650023100/43)| 9.4850 9.4990 +0.15 9.4990 +0.15 9.4990 +0.15
2 1125060 23100/43)| 9.3771 9.3900 +0.14 9.3900 +0.14 9.3900 +0.14
3 112363023100/43)| 92698 9.2830 +0.14 9.2820 +0.13 9.2820 +0.13
4 (122190 42310043y 91619 7 9.1750 +0.14 9.1740 +0.13 9.1750 +0.14
5 1120750 2310043)| 9.0539 9.0660 +0.13 9.0660 +0.13 9.0660 +0.13
6 1119310/23100/43)| 8.9459 8.9590 +0.15 8.9590 +0.15 8.9590 +0.15
7 |117880/231004/3)| 8.8387 8.8510 +0.14 8.8510 +0.14 8.8510 +0.14
8 1116440 23100/43)| 8.7307 8.7430 +0.14 8.7430 +0.14 8.7430 +0.14
9 [115000/23100/43)| 86228 8.6350 +0.14 8.6350 +0.14 8.6350 +0.14
10 (113560 423100/43)| 8.5148 8.5286 +0.16 8.5286 +0.16 8.5286 +0.16
11 112130 23100¥3)| 84076 8.4215 +0.17 8.4215 + 0.47 8.4215 +0.17
12 110690 /2319043y | -~ 8.2996 8.3135 +0.17 8.3135 +0.17 8.3135 +0.17
13 1109250 2319043y 81916 8.2063 +0.18 8.2063 +0.18 8.2063 +0.18
14 (107810 /231004/3)|  8.0837 8.0973 +0717 8.0973 +0.17 8.0973 +0.17
15 (106380 23100//3)| 7.9764 7.9899 #1027 7.9899 +001F 7.9899 +0.17
16 1104940 23100/43)| 7.8685 7.8816 +0.17 7.8816 +0.17 7.8816 +0.17
17 (103500 231004/3)| 7.7605 7.7750 +0.19 7.7750 +0.19 7.7750 +0.19
Criteria : Tolerance shall be within * 0.5 % of declared value

Instrument : Transformer turn ratio test set

Biddle Instruments

Cat. No. 550100

Decision :

Good
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CHECK OF PHASE DISPLACEMENT

Date of test : July 9, 2002
Connection symbol : Dynl

Test tap : 115000/23100 V

Test Cal. Meas.
terminal value (V) | value (V) H1, X1
H2=X2 83.2 83.3
H2 -X3 102.0 102.0
H3 - X2 83.2 83.3
H3 -X3 83.2 83.3
H1-H2F H3 100.0 100.0

Criteria : H2-X2=H3-X2=H3-X3<H2-X3

Decision ; Good
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MEASUREMENT OF WINDING RESISTANCE

Date of test : July 9, 2002

HV WINDING
At 34.0 °C Average / ¥
Tap pos. | HI - H3 H2 - HI H3 - I (Q)
(Q) (Q) (Q) At 34.0 °C At 75.0 °C

1 0.66460 0.66366 0.66358 0.99592 1.1473
5 0.64768 0.64790 0.64695 0.97127 1.1189
3 0.63103 0.63044 0.63010 0.94579 1.0896
4 0.61437 0.61360 0.61265 0.92031 1.0602
5 0.59797 0.59731 0.59639 0.89584 1.0320
6 0.58106 0.58034 0.58011 0.87076 1.0031
7 0.56470 0.56387 0.56317 0.84587 0.97444
8 0.54805 0.54736 0.54713 0.82127 0.94610
9 0.52798 0.52734 0.52755 0.79144 0.91174
10 0.54795 0.54702 0.54681 0.82089 0.94567
11 0.56467 0.56405 0.56341 0.84607 0.97467
12 0.58142 0.58086 0.58005 0.87117 1.0036
13 0.59795 0.59705 0.59652 0.89576 1.0319
14 0.61469 0.61387 0.61260 0.92058 1.0605
15 0.63089 0.63128 0.63094 0.94656 1.0904
16 0.64806 0.64772 0.64644 0.97111 1.1187
17 0.66471 0.66407 0.66369 0.99624 1.1477

LV WINDING

At 34.0°°C Average / "4
Tap pos. X1 - X3 X2 - X1 X3 -~ X2 (m€)
(mQ) (mQ) (mQ) At 34.0 °C At 75.0 °C

- 20.606 20.583 20.598 10.298 11.863

Note : Temperature correction factor (K ) at 75.0 o

235.0 + 75.0 310.0
K= 2350 + 340 sgn = Mes
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MEASUREMENT OF NO-LOAD LOSS AND CURRENT
Date of test : July 10, 2002
Excitation voltage %o 90 05 100 105 110  |Rated voltage
No-load current (Io) A 0.944 1.28 1.84 2.78 4.35 23100 V
(50000 kKVA base) % 0.0755 0.102 0.147 0.222 0.348 50 Hz
No-load loss ( Wi) kW 18.0 20.3 23.0 26.2 30.1
Criteria : No-load loss shall not exceed guaranteed value
Decision ; Good
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MEASUREMENT OF SHORT-CIRCUIT IMPEDANCE AND LOAD LOSS

Date of test : July 10, 2002

3 phase 30000 kVA base 50 Hz ONAN class
Characteristic of no load

Excitation voltage % 90 95 100 105 110 Rated voltage
No-load current (lo) A 0.944 1.28 1.84 2.78 4,35 23100 V

% 0.126 0.171 0.245 0.371 0.580 50 Hz
No-load loss ( Wi) kW 18.0 20.3 230 26.2 30.1

Characteristic of loading

Tap pos. 3 1 9 e,
HV voltage \Y 126500 | 115000 | 103500 Supply side
HV current A 137 151 167
LV voltage \Y 23100 23100 23100 Load side
LV current A 750 750 750
Load loss ( Wet) kW 44.5 42.6 50.3
Impedance voltage (17t) v 12130 10460 9078

% |/ 2930 | 9.0 | (877
HV resistance Q/K) 099333 | 078939 | 0.99368 t =335 °C
LV resistance mQ/# 10271 10.271 10.271
I'R loss kw | 360 | 353 | 450
Stray loss kW | 850 7.30 5.30
HV resistance QK 1.1473 | 091174 | 1.1477 e ol
LV resistance mC/M 11863 | 11.863 | 11.863
'R loss kW | 416 | 408 | 520 310
Stray loss kW 136 6.32 4.59 K= 235+t
Load loss ( Wc75) kW 49.0 47.1 56.6 = 1.155
Reactance drop (IXt) % 9.59 9.10 8.77
Impedance voltage (1Z75) )% 12130 10460 9078

% 9.59 9.10 8.77
Voltage regulation | % | 0623 | 0571 | 0573 p.f = 1.0
Total losses ( Wi+Wc75) kW 72.0 70.1 79.6
Efficiency % 99.76 99.77 99.74

Remarks :

%Volt. reg. = (%IR75 * cosO + %IXt * sin® ) * a + ( %IXt * cosd - %IRTS5 * sind )2 * az/ 200

%IRt = (Wct/kVA)* 100 0 = Load angle (leading = -0, lagging = + 0)
%IR75 = (Wc75/kVA) * 100 %IXt = /(%I7t)°- (%IRt)’ a = Per-unit load
Criteria : Load loss shall not exceed guaranteed value

: Impedance shall be within guaranteed value

Decision ;

Good
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MEASUREMENT OF SHORT-CIRCUIT IMPEDANCE AND LOAD LOSS

Date of test : July 10, 2002

3 phase 40000 kVA base 50 Hz ONAF class

Characteristic of no load

Excitation voltage % 90 95 100 105 110 Rated voltage
No-load current (o) A 0.944 1.28 1.84 2.78 4.35 23100 V

% 0.0944 0.128 0.184 0.278 0.435 50 Hz
No-load loss ( Wi) kW 18.0 20.3 23.0 26.2 30.1

Characteristic of loading

Tap pos. 5 1 9 17
HV voltage A% 126500 | 115000 | 103500 Supply side
HV current A 183 201 273
LV voltage v 23100 23100 23100 Load side
LV current A 1000 1000 1000
Load loss ( Wct) kW 79.2 75.6 89.3
Impedance voltage (1Zt) AV 16170 13950 12100

% 12.78 12.13 11.69
HV resistance /| 099333 | 0.78939 | 0.99368 t = 335 °C
LV resistance mQ/M 10271 | 10271 | 10.271
'R loss kW | 641 | 627 | 802
Stray loss kW 15.1 12.9 9.10
HV resistance | Q/M| 1.1473 | 091174 | 11477 at 75.0 °C
LV resistance mCUM 11863 | 11.863 | 11.863
I'R loss kw [ 740 | o724 | 926 310
Stray loss kW 13.1 11.2 7.88 K= 235+t
Load loss ( W¢75) kW 87.1 83.6 100.5 = 1.155
Reactance drop (IXt) % 12.78 12.13 11.69
Impedance voltage (1275) A% 16170 13950 12100

% 12.78 12.13 11.69
Voltage regulation % 1.03 0.945 0.935 p.f. = 1.0
Total losses ( Wi+Wc¢75) kW 110.1 106.6 123.5
Efficiency % 99.73 99.73 99.69
Remarks :

1. 3
%Volt. reg. = ( %IR75 * cosO + %IXt * sinO ) * a + ( %IXt * cosO - %IR75 *sinh ) *a / 200
%IRt = (Wct/kVA) * 100 0 = Load angle (leading = - 0 , lagging = +0)
%IR75 = (We75/kVA) * 100 %IXt = \/( %IZt)" - (%IRt)" a = Per-unit load

Criteria : Load loss shall not exceed guaranteed value

. Impedance shall be within guaranteed value

Decision : Good




DAIHEN ELECTRIC CO.,

LTD.

Report No. : Q02-22601

Tr. S/N
Page

: EDP022601

P9 108

MEASUREMENT OF SHORT-CIRCUIT IMPEDANCE AND LOAD LOSS

Date of test : July 10, 2002

3 phase 50000 kVA base 50 Hz ONAF class
Characteristic of no load

Excitation voltage % 90 95 100 105 110 Rated voltage
No-load current (Io) A 0.944 1.28 1.84 2.78 4.35 23100 V

% 0.0755 | 0.102 0.147 0.222 0.348 50 Hz
No-load loss ( Wi) kW 18.0 20.3 23.0 26.2 30.1

Characteristic of loading

Tap pos. 3 1 9 17
HV voltage \Y 126500 | 115000 | 103500 Supply side
HV current A 228 251 279
LV voltage vV 23100 23100 23100 Load side
LV current A 1250 1250 1250
Load loss ( Wet) kW 123.7 118.2 139.6
Impedance voltage (IZt) hY% 20210 17440 15130

% 15.98 15.17 14.62
HV resistance Q| 099333 | 0.78939 | 0.99368 t = 335 °C
LV resistance mQ/M 10271 | 10271 | 10271
I'R loss kw | 998 | 979 | 1255
Stray loss kW 23.9 20.3 14.1
HV resistance Q| 11473 | 091174 | 1.1477 at 75.0 °C
LV resistance mQ/M 11863 | 11.863 | 11.863
12 R loss kW 115.3 g 145.0 310
Stray loss kW 20.7 17.6 12.2 k= 235+t
Load loss ( Wc¢75) kW 136.0 130.7 057.2 = 1.155
Reactance drop ( IXt) % 15.98 15.17 14.62
Impedance voltage (1275) Vv 20210 17440 15130

% 15.98 15.17 14.62
Voltage regulation % 1.55 1.41 1.38 p.f. =10
Total losses ( Wit+Wc75) kW 159.0 153.7 180.2
Efficiency % 99.68 99.69 99.64

Remarks :

%Volt. reg. =

(%IR75 * cos® + %IXt * sind ) * a + ( %IXt * cos® - %IRTS * sin® )’ *a / 200

%IRt = (Wect/kVA ) *100 0 = Load angle (leading = -0, lagging = +0)
%IR75 = (Wc75/kVA)* 100 %IXt = \/( %Izt)z- (%IRt)2 a = Per-unit load
Criteria : Load loss shall not exceed guaranteed value

: Impedance shall be within guaranteed value

Decision :

Good
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MEASUREMENT OF INSULATION RESISTANCE

Date of test : August 14, 2002 (Cold temp.)
: August 28, 2002 (Hot temp.)

Condition of HV-LV |HV-(LV<E)|LV - (HV+E)| (HVsLV) - E [ Ave. oil temp. | Amb. humidity
measurements ( °c ) (%)
1 min. 2120 MQ | 2160 MQ | 1170 MQ | 1160 M
Cold temp.| 10 min. | 11900 MQ | 10200 MQ | 4840 MQ | 4140 MQ 32.0 54
I [@:'E-') 5.6 47 41 3.6
| min.
Hot temp.| 1 min. 1150 MQ | 1180 MQ 705 MQ) 585 MQ) 57.0 57

Criteria : 1. Insulation resistance shall be more than 560 M2 at 32.0 OC at 1 min.
2. PI shall be more than 2.0

Instrument : Insulation resistance tester 2500 V Decision : Good

AVO International Ltd.

model BM25

MEASUREMENT OF DIELECTRIC DISSIPATION FACTOR AND CAPACITANCE

Date of test : Augustl4, 2002 (Cold temp.)

: August 28, 2002 (Hot temp.)
Test voltage : 6000 V 50 Hz

Condition of (HV-LV)-E|HV - (LV+E) | LV - (HV*E) |Ave. oil temp.| Amb. humidity
measurements ( ) (%)
Capacitance| 19000 pF 12400 pF | 22900 pF
32.0 54
Cold temp. D.F. 0.26 % 0.19 % 0.25 %
D.F. 0.20 % 0.15 % 0.19 % 20.0 -
D.F. 0.40 % 0.28 % 0.37 % 55.0 56
Hot temnp.
D.F. 0.18 % 0.13 % 0.17 % 20.0 -
Note : Correction factor at 32.0 oC = 1.30
: Correction factor at 55.0 c’C = 2.18
Criteria : D.F. shall not exceed 1.39 % at 20.0 °C Decision : Good

Instrument : Automatic schering bridge
Soken Electric Co., Ltd.
model DAC - ASM -3
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SEPARATE SOURCE AC WITHSTAND VOLTAGE TEST

Date of test : July 9, 2002
Test tap : 115000/23100 V
Test frequency : 50 Hz

Test winding Test voltage Ratio of PD. Read voltage Duration
(kV) (V) ( min. )
HY -{ LV~ E} 230 3000 76.7 1
LV-(HV*E) 50 1000 50.0 |

Criteria : No collapse of the test voltage

Decision :  Withstood

Test voltage
Note : Read voltage = ——

Ratio of PD.
HV winding
AUX. Tr. i Tr
IVR0-6.6kV 6.3/6.6kV 6.3/300kv PD, 230 kv
1 i ;
50 Hz Q
X3
4 H3 H2
X0
Reactor @ Read voltage i X2
50 Hz
LV winding
AUX. Tr. T. Tk
IVRO-6.6kV 6.3/3.3kv  6.3/300kv PD. 50 kV
l X1 H1
50 Hz
X3
Py L H2
X0 X2
et @ Read voltage
50 Hz =

Test circuit
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SHORT-DURATION INDUCED AC WITHSTAND VOLTAGE TEST ( ACSD)
Date of test : July 9, 2002

Test tap : 115000/23100 V
Test frequency : 200 Hz

Supplied Test voltage (kV )
phase U, [ f U,
HI1 - H3 230 160 135
[§
H2 -HI 230 160 135
0
H3~ H2 230 160 135
AUX. Tr. AUX. Tr.
6.3/6.6kV 6.3 /300 kV

H1 X1

e
200Hz PD. I
I
I H3 HZE E capacitance tap X3
== 1 |
1
- S
t ! | Unit X0
Reactor ERA :_ 1 X Detector L B
detector i l =

Test circuit ( Supplied phase : HI1 - H3 )

|

U

o >
qo—

<Ustart

<+——c—> ©

s m

Ustart ¢

g5 ming
< >

30 sec. o ‘; 5min,

A
Y
A
wn
g
-
Y

Time sequence for the application of test voltage
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Measurement of partial discharge
Time Supplied Partial discharge ( pC) Photo. Note
( min.) voltage No.
(V) Phase H1 Phase H2 Phase H3
0 135 30 50 40 -
U, voltage level test (A)
5 135 30 50 40 1
5 160 100 130 170 2 U, voltage level test (B)
Induced AC withstand
30 sec. 230 - - - -
voltage test (C)
0 160 100 130 200 -
U, voltage level test (D)
5 160 100 130 200 3
0 135 30 40 40 -
U, voltage level test (E)
5 135 34 40 40 4
Criteria : - No collapse of the test voltages

- The continuous level of apparent charge at U, during the second 5 min (D)
shall - not exceed 300 pC on all measuring terminals
- The partial discharge behaviour does not show a continuing rising tendency
- The continuous level of apparent charge shall not exceed 100 pC at U,
Frequency band : 40-300 kHz
Instrument : Discharge detector
model 5 type 700

Robinson Instruments Ltd.

Decision : Good
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LIGHTNING IMPULSE TEST

Date of test : July 10, 2002
Test tap : HV winding (min. tap) = 103500 V

BIL of windings

Terminal HV winding | LV winding
Line 550 kV 150 kV
Neutral - kV - kV
Test item & Voltage
. HV winding LV winding
Ferminal 50 % 100 % 50 % 100 %
Full wave 275 kV 550 kV 75 kV 150 kV
Line terminal
Chopped-wave | 302.5 kV 605 kV 85 kV 170 kV
Neutral terminal [Full wave = kV - kV - kV - kV
Parameters of circuit
Winding C (OF) Rol () [ Ro2(Q) | Rs1(Q) | Rs2(Q) | L(mH)
HV line terminal 0.1 800 / 225 - -
LV line terminal 19! 9150 5 2 3 90 0.05
Ambient condition C . Imp. generator capacitor
Barometric pressure . 0.101 MPa G : Imp. generator spark gap
Amb. temperature - 31.5 Jl Rol : Discharging resistor
Relative humidity . 67 % Ro2 : Discharging resistor

Rsl : Damping resistor
Rs2 : Damping resistor
Gc : Chopping gap

L~ : Inductor

G Rs1 Rs2

B BRo1 Ro? Gc l Test object

o

Impulse generator circuit

Criteria : No collapse of the test voltage and no significant difference of voltage and current

recorded at reduced and full test voltages

Decision :___ Withstood
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TEST CONNECTION

HV_WINDING
Line terminal

H1

H2

PD. H3
osc.
Shunt 0.5 Q 05sC.

|
=||—{ H % >

PD.

4—%3*—1:—3-

1 X1
“l
X3
X2
0scC. L
Shunt 0.5Q 0sC.

0scC.
Shunt 0.5 Q

X3

0SC.
Shunt 0.5Q

H3
H2 H1
0scC.
Shunt 0.5 Q 0scC.

LV _WINDING
Line terminal

X3

>
o
1
>
=

X2

X2

X1

0 X3

X3

X2

U

X0

H3 H2

H3

H3

H2 H1

b
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OSCILLOGRAMS OF HV WINDING
Date of test : July 10, 2002 Decision : Withstood

l Current Wave-shape |

H1

Chopped wave
100 %
605 kV

I :20 Ns/div.

Vil NS/div.

Photo. No. :
22601-08

Full wave
100 %
550 kV

[ : 20 Ns/div.

V10 NS/div,

Photo. No. :
22601-09

Full wave
100 %
550 kV

I :20 NSs/div.
V . 10 Ns/div.
Photo. No. :

22601 10

Test wave-shape

Ti=1.34 NS ( scale : 1 NS/div.)
T2=433Ns (scale : 10 Ns/div.)
Photo. No. : 22601-03

r Voltagé wave-shape
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OSCILLOGRAMS OF HV WINDING
Date of test : July 10, 2002 Decision : Withstood
rCurrent wave-shape I H3 r\/oltage wave-shape

Full wave
50 %
275 kV
[ :20 Ns/div.
V : 10 NS/div.
Photo. No. :
22601-18

Full wave
100 %
550 kV

[ :20 NS/div.

V1 10 Ns/div.

Photo. No. :
22601-19

Chopped wave
50 %
302.5 kV

I : 20 NSs/div.

V1 NS/div.

Photo. No. :
22601-20

Chopped wave
100 %
605 kV

[ :20 Ns/div.

Vi1l Ng/div.

Photo. No. :
22601-21
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Date of test :

July 10, 2002

[ Current wave-shape |

OSCILLOGRAMS OF LV WINDING

X1

Full wave
50 %
75 kV

I :20 Ns/div.

V10 Ns/div.
Photo. No. :

22601-28

Full wave
100 %
150 kV

I :20 NS/div.

V 110 Ns/div.
Photo. No. :
22601-29

Chopped wave
50 %
85 kV
I 20 Ns/div.
Vi1 NS/div.
Photo. No. :
22601-30

Chopped wave
100 %
170 kV

[ :20 NS/div.

V1 Ns/div.

Photo. No. :
22601-31

Decision : Withstood

Voltage wave-shape
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OSCILLOGRAMS OF LV WINDING
Date of test : July 10. 2002 Decision : Withstood

Current wave-shape |

X1

Chopped wave
100 %
170 kV

I :20 Ns/div.

V1 Ns/div.
Photo. No. :
22601-32

Full wave
100 %
150 kv

[ : 20 NSs/div.

Vi 10 NS/div.

Photo. No. :

22601-33

Full wave
100 %
150 kV

I :20 NS/div.

V : 10 NS/div.

Photo. No. :
22601-31

Test wave-shape

T1=1.00 NS ( scale : 1 Ns/div.)
T2=47 NS (scale : 10 Ns/div.)
Photo. No. : 22601-27

Voltage wave-shape
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1. Test

condition
Capacity
HV winding
LV winding

2. Supplied losses

3. Test

No-load loss

TEMPERATURE-RISE TEST (1)

Load loss (at75.0 o€ )
Total losses (at75.0 °c )

results

30000
103500
23100

23.0
56.6
79.6

a. Top oil temperature rise at total losses

Yy - 320 =85 K

Date of test : July 10-11, 2002

kVA
v
\%

kW
kW
kW

b. Average oil temperature rise at total losses

12.5* 179 *uGlidal RSN S840 ~CP.2LK]

c. Average oil temperature rise at rated current

12,00 (82 * MHOQ DI S ANE2NTANA3 XK

d. Average winding temperature rise at total losses

ONAN class
167 A
750 A

Cold state Average winding
Measured Resistance | Amb. temp. temp. rise at the
winding instant of shutdown
& (K)
H2 - H1 0.66407 2 34.0 43.5
X2-X1 20.583 mQ) 34.0 44.0

The average winding temperature rise at total losses at rated current,

frequency and voltage is sum of the average o1l temperature rise at total losses

and average winding temperature rise at the instant of shutdown above average

oil temperature rise at rated current.

HV winding = 342 + (435 - 33.5) =442 K
LV winding = 34.2 + ( 44.0 - 33.5) = 44.7 K

Criteria :

Decision :

Temperature rise of top oil and winding shall not exceed guaranteed value

Good
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TEMPERATURE-RISE TEST (1)
Voltage [Rated current| Output |Test freq. 50 Hz
Test tap HV side 103500 V 167 A 30000 kVA [Switched on : 20:00
LV side 23100 V 750 A | 30000 kVA |Switched off : 11:00
Time | Short-circuit method Amb. Oil temp.
Loss Current temp. Top oil Temp. rise | Top rad. Bott. rad.
(kW) | (A) (°c) (o) (K) ("o (°c)
20:00 79.6 B 32.0 39.0 7.0 - -
21:00 79.6 = 3l 45.0 13.5 = 5
22:00 | 79.6 . 51.5 51.5 200 . -
23:00 79.6 g 3N 56.5 25.0 = -
24:00 79.6 - 32.0 60.5 28.5 - =
1:00 79.6 5 gLy 64.0 2.3 - -
2:00 79.6 - VS 66.0 34.5 % "
3:00 79.6 ) Ngs 68.0 36.5 - .
4:00 79.6 - 315 69.0 =~ K] 1 -
5:00 79.6 : >1\9 70.0 38.5 - -
6:00 79.6 7 < a ] 71.0 3.5 . -
7:00 79.6 z 31.0 7L.5 40.5 2 =
8:00 79.6 i 31.5 72.0 40.5 - -
9:00 79.6 - 32.0 72.5 40.5 s -
10:00 79.6 X% “W! 32.0 783 40.5 67.3 54.6
11:00 - 167 338 72.0 PS5 66.5 54.5
Ave. winding temp. rise determined from temperature-rise curve / time
Measured Cold state Hot state Temp. rise
winding Resistance | Amb. temp.| Resistance | Amb. temp.| at instant of shutdown
(°c) (Q) (°c) (K)
H2 - H1 0.66407 Q 34.0 - 325 43.5
X2-X1 20.583 mQ 34.0 - 2.8 44.0

Remark :
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1. Test

TEMPERATURE-RISE TEST (2)

Date of test : August 27-28, 2002

2. Supplied losses

3. Test

condition

Capacity 40000 kVA  ONAF class
HV winding 103500 V 223 A
LV winding 23100 V 1000 A
No-load loss 23.0 kW

Load loss (at75.0.°C) 100.5 kW

Total losses (at75.0 °C) 1235 kW

results

a. Top oil temperature rise at total losses
72.0 - 30.5 =415 K

b. Average oil temperature rise at total losses
F20°- I jeets RSN D) 385 X LYK

c. Average oil temperature rise at rated current
71.5 - 12 * (68.8 - 504) -~ 310 =313 K

d. Average winding temperature rise at total losses

Cold state Average winding
Measured Resistance | Amb. temp. | temp. rise at the
winding instant of shutdown
) (K)
H2:= H1 0.66407 Q) 34.0 44.5
X2 -X1 20.583 mQ) 34.0 45.0

The average winding temperature rise at total losses at rated current,
frequency and voltage 1s sum of the average o1l temperature rise at total losses
and average winding temperature rise at the instant of shutdown above average
oil temperature rise at rated current.

HV winding = 31.9 + ( 445 - 313 ) =451 K
LV winding = 31.9 + ( 450 - 313 ) = 456 K

Criteria : Temperature rise of top oil and winding shall not exceed guaranteed value

Decision : Good
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TEMPERATURE-RISE TEST (2)
Voltage |Rated current| Output |[Test freq. 50 Hz
Test tap HV side 103500 V 223 A | 40000 kVA |Switched on : 23:00
LV side 23100 V 1000 A | 40000 kVA [Switched off : 10:00
Time | Short-circuit method Amb. Oil temp.
Loss Current temp. Top oil Temp. rise | Top rad. Bott. rad.
(kW) | (A) (°c) (°c) (K) (°c) .
23:00 123.5 = 31.0 46.0 15.0 - .
24:00 123.5 B 30.5 53.0 22.5 2 5
1:00 123.5 . 30.5 62.0 3l1.5 - -
2:00 123.5 F 30.5 68.0 I - -
3:00 1235 # 30.5 70.0 39.5 - -
4:00 123.5 : 30.5 71.0 40.5 = -
5:00 123.5 - 30.5 ah o, 41.0 ® &
6:00 1235 ? 30.5 72.0 41.5 3 -
7:00 1233 . 30.5 72.0 41.5 1 .
8:00 123.4 1 30.5 72.0 41.5 : -
9:00 123.3 —>\223 30.5 72.0 41.5 70.0 50.7
10:00 h 223 31.0 71.5 40.5 68.8 50.4
Ave. winding temp. rise determined from temperature-rise curve / time
Measured Cold state Hot state Temp. rise
winding Resistance | Amb. temp. [ Resistance | Amb. temp.| at instant of shutdown
) (Q) (°c) (K)
H2 - H1 0.66407 €2 34.0 - 31.0 44.5
X2 -X1 20.583 mQ 34.0 - 31.0 45.0

Remark :
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1. Test

TEMPERATURE-RISE TEST (3)

Date of test : August 26-27, 2002

2. Supplied losses

3. Test

condition

Capacity 50000 kVA  ONAF class
HV winding 103500 V 279 A
LV winding 23100 V 1250 A
No-load loss 23.0 kW

Load loss (at75.0 °C) 157.2 kW

Total losses (at75.0 °C) 180.2 kW

results

a. Top oil temperature rise at total losses
77.0 - 315 =455 K

b. Average oil temperature rise at total losses
.0 - L gt B RN - BUTS \H, RN

¢. Average oil temperature rise at rated current (to determine HV wdg. temp. rise )
7675 - 12 [¥1 07401 508 ) 582:00= \33=2 K

d. Average oil temperature rise at rated current (to determine LV wdg. temp. rise )
16.97- 2713502 Y34 50ER06 (K

e. Average winding temperature rise at total losses

Cold state Average winding
Measured Resistance | Amb. temp. | temp. rise at the
winding instant of shutdown
(3 (K)
HZ - Hl 0.66407 € 34.0 49.8
X2-X1 20.583 m{) 34.0 46.4

The average winding temperature rise at total losses at rated current,
frequency and voltage is sum of the average oil temperature rise at total losses
and average winding temperature rise at the instant of shutdown above average
oil temperature rise at rated current.

HV winding = 33.8 + ( 49.8 - 33.2 ) = 504 K
LV winding = 33.8 + ( 464 - 30.6 ) = 49.6 K

Criteria : Temperature rise of top oil and winding shall not exceed guaranteed value

Decision Good
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TEMPERATURE-RISE TEST (3)
Voltage |Rated current| Output |[Test freq. 50 Hz
Test tap HV side 103500 V 279 A | 50000 kKVA [Switched on : 23:00
LV side 23100 V 1250 A | 50000 kVA [Switched off : 15:00
Time | Short-circuit method Amb. Oil temp.
Loss Current temp. Top oil Temp. rise | Top rad. Bott. rad.
(kW) (A) (%e) (°c) (K) (°e) (°c)
23:00 180.2 - 30.0 32.5 2.5 - -
24:00 180.2 - 29.5 48.0 18.5 - -
1:00 180.2 - 29.5 61.5 32.0 2 -
2:00 180.2 g 29.5 71.5 42.0 - -
3:00 | 180.2 - 30.0 75.0 45.0 - -
4:00 | 1802 - 30.0 75.5 45.5 - -
5:00 | 180.2 - 30.0 75.5 45.5 - -
6:00 180.2 > 30.0 8.5 45.5 ! -
7:00 | 180.2 - 30.0 75.5 435.5 - -
8:00 | 180.2 - 30.0 75\ 45.5 - -
9:00 180.2 7 30.5 76.0 45.5 - ,
10:00 1300 — (278 EyB: 77.0 45.5 74.3 50.8
11:00 - 279 32.0 76.5 44.5 74.0 51.3
11:30 . 19 325 76.0 43.5 - -
12:00 - 279 325 75.0 42.5 - -
13:00 - 279 335 73.0 39.5 - -
14:00 - 279 34.5 75.0 40.5 . -
15:00 | - 279 34.5 76.0 41.5 73.1 51.2
Ave. winding temp. rise determined from temperature-rise curve / time
Measured Cold state Hot state Temp. rise
winding Resistance | Amb. temp.| Resistance | Amb. temp.| at instant of shutdown
e (Q) (°c) (K)
H2 = H]1 0.66407 Q 34.0 - 32.0 49.8
X2 -Xl1 20.583 mQ 34.0 4 34.5 46.4

Remark :
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DETERMINATION OF SOUND PRESSURE LEVEL

Date of test : July 17, 2002
: August 28, 2002

1. Microphone locations

>
I

0.3 m when the cooling fans are out of service

>
Il

2.0 m when the cooling fans are in service

2. Applicable standard : IEC 70076-10 ( 2001 )
3. Test results : page 50-52
4. Supplied voltage : 3 & 23100 V 50 Hz at LV side

5. Measurement place : Daihen Electric Co., Ltd.

6. Instrument : A-weighted sound level meter type 3604 Yokogawa

Criteria : Sound pressure level shall not exceed guaranteed value

Decision : Good
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Test results of transformer sound pressure level at 30000 kVA base (performed on Jul. 17, 2002)

Microphone ) Transformer sound
. background noise (dB(A))
locations pressure level
Before After Measured
measurement measurement value (dB(A))
130 | 23h | 13h- | 23h° | 13h | 23h
1 54.0 54.0 53.0 53.0 66.0 65.5
2 54.0 53.0 3.5 53.0 64.0 63.5
3 53.0 52.0 53.0 52.0 65.0 62.0
4 52.0 51.0 51.0 51.0 66.0 66.5
5 52.0 51.0 52.0 51.0 64.0 62.0
6 52.0 MK 52.0 51.0 64.5 61.0
7 52.0 51.0 52.0 51.0 61.0 61.0
8 52.0 S 51.0 51.0 61.0 65.0
9 52.0 51.0 51.0 51.0 64.0 63.0
10 51.0 51.0 52.0 51.5 66.5 63.0
11 52.0 51.0 $lry 51.0 66.5 64.5
12 S ——— 51.0 52.0 52.0 64.0 62.0
13 == 51.0 51.0 51.0 65.5 62.0
14 52.0 52.0 51.0 Sl 62.0 65.0
15 52.0 52.0 52.0 52.0 64.0 63.0
16 52.0 52.5 52.0 52.0 64.0 62.0
17 53.0 53.0 53.0 53.0 66.0 64.0
18 58.0 53.5 535 53.0 67.0 67.5
19 533 53.0 54.0 53.0 68.5 65.0
Average 52.4 pip A b, 52 519 05,1 63.9
52.2 52.1 64.5
Environmental correction = 0 dB(A)
Corrected average A-weighted sound pressure level = 64 dB(A)

Note :

Distance (X ) : 0.3 m

Transformer tank height(h) : 3.16 m

Ave. background noise : [back. noise *1 + back. noise *2]/2
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Test results of transformer sound pressure level at 40000 kVA base (performed on Aug. 28, 2002)

Microphone ) Transformer sound
. background noise (dB(A))
locations pressure level
Before After Measured
measurement measurement value (dB(A))
130 | 23h | 13h | 23h | 13h | 23nh
| 53.0 52.5 52.5 53.0 65.0 65.0
2 53.0 53.0 53.0 52.5 65.0 65.0
3 .5 52.5 82.5 52.5 65.0 66.0
4 52.5 53.0 53.0 53.0 66.0 65.0
5 53.0 3235 2.3 53.0 67.0 67.0
6 51.0 51.0 FVS 5T 67.0 67.0
7 4 i 3.8 52.0 52.0 68.0 68.0
8 51.0 51.0 51.0 51.0 68.0 67.0
9 718 SiINg 51.5 R] i, 69.0 70.0
10 51.5 51.5 51.5 S > 70.0 69.0
11 51.0 51.0 515 51.0 71.0 69.0
12 49.0 50.0 49.5 50.0 68.0 69.0
13 49.5 51.0 49.0 50.5 70.0 69.0
14 - 51.0 51.5 il 69.0 68.0
15 51.0 S 3 51.0 69.0 67.0
16 52.0 51.5 52.0 51.5 68.0 67.0
17 52.5 LS 52.0 DD 67.0 67.0
18 51.0 51.5 51.0 0 3 P 69.0 69.0
19 51.0 51.0 51.0 51.5 69.0 70.0
20 SN ] 52.0 51.0 51.5 69.0 70.0
21 52.0 515 52.0 88,5 69.0 70.0
22 52.0 53.0 52.0 53.0 68.0 68.0
23 523 52.5 52.0 52.0 65.0 65.0
24 52.0 530 s gt 53.0 64.0 65.0
23 52.5 530 52.3 53.5 67.0 65.0
26 53.0 53.0 335 53.5 64.0 64.0
27 53.5 53.0 53.0 52.5 67.0 67.0
28 535 53.5 53.0 53.5 66.0 65.0
29 52.5 53.0 53.5 33.5 66.0 66.0
Average 52.0 52.1 52.0 52.2 67.8 67.6
52.1 52.1 67.7
Environmental correction = 0 dB(A)
Corrected average A-weighted sound pressure level = 68 dB(A)

Note :

Distance (X ) : 0.3 m

Transformer tank height(h) : 3.16 m

Ave. background noise : [back. noise *1 + back. noise *2]/2
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Test results of transformer sound pressure level at 50000 kVA base (performed on Aug. 28, 2002)

Microphone . Transformer sound
. background noise (dB(A))
locations pressure level
Before After Measured
measurement measurement value (dB(A))
130 | 23h | 13h | 23n° | 13h | 23h
1 53.0 52.5 52.5 53.0 67.0 65.0
2 53.0 53.0 53.0 52.5 67.0 65.0
3 52,5 52.5 525 525 66.0 66.5
4 52.5 53.0 53u() 53.0 66.0 66.5
5 53 0 325 52:5 53.0 70.0 69.0
6 51.0 51.0 sV.5 51.0 70.0 70.0
7 515 1. 52.0 52.0 70.0 70.0
8 510 51.0 51.0 51.0 71.0 72.0
9 51.5 51.0 51.5 SIS 7R0 710
10 51.5 5145 55 e $ 72.0 71.0
11 i, b 51.0 515 51.0 70.0 70.0
12 49.0 50.0 49.5 50.0 L0 71.0
13 49.5 51.0 49.0 50.5 70.0 70.0
14 —= 51.0 a3 Sl 70.0 69.0
15 51.0 pd | = 51.5 51.0 70.0 70.0
16 52.0 51.5 52.0 51.5 70.0 69.5
17 52.5 51.5 52.0 il 70.5 71.0
18 51.0 51.5 51.0 51.5 1.9 71.0
19 51.0 51.0 S 150 315 72.0 70.0
20 50 52.0 31.0 al.3 70.0 71.0
21 52.0 515 52.0 82,5 70.0 68.0
22 52.0 53.0 52.0 53.0 68.0 66.0
23 52.5 2.5 52 () 52.0 65.0 65.0
24 52.0 53.0 52.0 53.0 68.0 66.0
25 52.5 53.0 335 53.5 65.0 66.0
26 53.0 53.0 53.5 53.5 64.0 64.0
27 535 53.0 530 32.5 67.0 67.0
28 595 53.5 53.0 535 67.0 66.0
29 32.5 53.0 33.3 53.3 68.0 67.0
Average 52.0 52,1 52.0 522 69.3 69.0
52.1 52.1 69.2
Environmental correction = 0 dB(A)
Corrected average A-weighted sound pressure level = 69 dB(A)

Note :

Distance (X)) : 0.3 m

Transformer tank height(h) : 3.16 m

Ave. background noise : [back. noise *1 + back. noise *2]/2
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OPERATION TEST OF ON-LOAD TAP-CHANGER

Date of test : July 9-10, 2002

The following tests were performed with 100 % of the rated auxiliary supply voltage ( with

the exception of b) :

a) 8 complete operating cycles with the transformer not energized ;

b) 1 complete operating cycle with the transformer not energized with 85 % of the rated
auxiliary supply voltage ;

¢) 1 complete operating cycle with the transformer energized at rated voltage and frequency
at no-load ;

d) with LV winding short-circuited and, as far as practicable, rated current in the tapped
winding, 10 tap-change operations across the range of two steps on each side from

where a coarse or reversing changeover selector operated.

Criteria : No failure of operation

Decision : Good

MEASUREMENT OF ZERO-SEQUENCE IMPEDANCE

Date of test : July 10. 2002

At 50000 kVA base

Meas. value Cal. value ( per phase)
PR\ LS v (V) AR el | Z,(Q)
1 (126500 V) 78.35 135.85 16.21 1.73
9 (115000 V) 76.82 140.10 15.41 1.64
17 (103500 V) 74.46 140.75 14.87 1.59
Criteria : - ( For reference )
CT.
250/5 A —s
X0 X1 H1

50 Hz @D X3

H3 H2
X2

Test circuit
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MEASUREMENT OF AUXILIARY LOSS

Date of test : August 29, 2002

Cooling fan Freq. Phase Volt. Ave. current Input
(unit ) (Hz) (V) (A) (kW)
5 50 380 3.22 1.12
(Group 1)
10 50 380 6.47 2.30
( Group 1 and Group 2)
Remark : -
Test product : Cooling fan
Manufacturer : ZIEHL-ABEGG
Type : FEO50-SDA 4F.1
Serial No. Group 1 Group 2
: 02027765 1 005 : 02027765 / 004
02027765 /015 102027765 / 006
: 02027765/ 016 : 02027765/ 014
02027765/ 019 +02027765/017
02027765/ 024 +02027765/018
Criteria : Auxiliary loss shall not exceed guaranteed value
Decision : Good

OIL TIGHTNESS TEST

Date of test : July 5-8. 2002

2
The completely assembled transformer was subject to pressure of 1 kgf/fem at the
bottom of tank for at least 24 hours and no oil leakage was found.

Criteria :

No leakage of oil

Decision :

Good
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TEST REPORT OF BUSHING-TYPE CURRENT TRANSFORMER

Product No. : EDP022601 Standard : IEC 44-1(1996)
Current ratio : 500-200-100/1 A Accuracy class : 5P20
Rated burden : 70 VA (p.f.=0.8 lagging)

Rated frequency : 50 Hz

L #Current error and phase displEement. ummammrms s Good
Phase| BCT Terminal Current | Primary 100 % Rated burden Composite
marking marking ratio current Current Phase error
error displacement
(A) (%) ( min. ) (%)
1.0In -0.056 P10 2
I1xtH1 - 1x4H1 | 500/1 20.0In _ _ 0.210
H1 | HIT [1x1HI -1x3HI| 200/1 - — — :
20.0In = - -
1.0In p 0228 +4.0 -
1x1H1 - 1x2HL| -100/1 20.0In S A _
1.0In - 0.049 + 0.8 -
1x1H2 - 1x4H2 |-~ 500/1 20.0In . _ 0.190
1.0In +0.071 +6.4 -
H2 | H21j [1xXTH2 PRt o 20.0In = ) _
1.0In -0.140 +4.3 -
IxIH2 - 1x2H2 | 100/1 20.0In _ i i
1.0In - 0.049 +0.9 -
Ix1H3 - 1x4H3 |  500/1 20.0In | " 0.190
1.0In_| . +0.076 +6.7 -
H3 H31 |1x1H3-1x3H3| 200/1 20.0In ) 7 _
1.0In g 0.119 i 5.5 -
Ix1H3= 1x2H3 |, 100/1 20.0Tn R i B
2. Inter-turn overvoltage test. My g . ANLLL L. 10 e Withstood
3. Power-frequency withstand test.... e s s i s s sessitieseseeesesesseessessesessenes Withstood
4. Insulation. mesistanee C2500 V' megper Lo cuimmmposmsnpanaamessans Good (>2000 MQ)
O g Subtractive
6. Verification of terminal markings..........cccoeivmrierireeeeeererereneesssesee e, Good
7. Construction IMSPECION....cc.iveiiiririeersirieieetieesereteseer e s sre e e e sbesseseseseresssaessesannens Good
8. Excitglion curves{pags SBO8 Mo Good
Date of test : June 14, 2002
Tested by

Approved by

H. Jaroon
General Manager
Quality Control Department
DAIHEN ELECTRIC CO., LTD.
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TEST REPORT OF BUSHING-TYPE CURRENT TRANSFORMER

Product No. : EDP022601

Standard : IEEE std C57.13-1993

Current ratio : 500/200/100:1 A Accuracy class : 1.2
Rated burden : 70 VA (p.f.=0.8 lagging )
Rated frequency : 50 Hz
L. Current error and phase displaCeient: s s aasre Good
Phase| BCT Terminal Current | Primary RCF Phase Sec. winding
marking marking ratio | current displacement | resistance (2 )
(A) (A) ( min. ) at 75 °C
1.0In 1.0008 +1.1
2X1H1 - 2x4H1| 500:1 0.1In 1.0028 47 2.006
1.0In 1.0009 +6.7
H1 H12 |2X1H1-2Xx3H1| 200:1 01In 1.0075 738 0.792
1.0In 1.0068 -0.3
2ZX1H1 - 2x2HT| 100:1 0.11n 1.0314 +82.0 0.386
1.0In 1.0007 i 1ot
2X1H2 - 2X4H2| 500:1 0.1In 1.0029 T+ 4.6 2.007
1.0In 1.0005 % 7.2
H2 | H22 ([2X1H2-2x3H2| 200:1 0 1In 1.0080 eYYS 0.790
1.0In 1.0047 +3.4
2X1H2 - 2x2H2| 100:1 0.1In 1.0308 1790 0.384
1.0In 1.0009 + 232
2X1H3 - 2X4H3| 500:1 0110 1.0033 5.6 2.007
1.0In 1.0013 + 8.0
H3 | H32 [2X1H3-2X3H3| 200:1 0 1In 1.0093 1276 0.792
1.0In 1.0070 i .
2X1H3 - 2X2H3 | 100:1 011n 1.0373 #9060 0.386
2. Induced voltame: DESEqmmmmmmz Mg i e i g sl st Withstood
3. Applicd VOIAZE: 1BSEciicsmmsimiisisssen T — I .- <mnsesmessamsmsmesesrar Withstood
4. Insulation resistance ( 2500 V MEZEET ).cvovvveeieriereiemreerereseeses s esssessenes Good ( >2000 MQ)
e Subtractive
6. Verification of terminal markings..........cccocevvuereieirevimeeseeesesesssees s Good
7. CONStrUCHON INSPECHION..cuuiueirietririmeiiriesiesie et eas et s e sesebeasebe st esenesssssseaeas Good
8. Excitation curves (page 60762 )it e, Good

Date of test June 19, 2002

Tested by

Approved by

H. Jaroon
General Manager

Quality Control Department
DAIHEN ELECTRIC CO.,LTD.



DAIHEN ELECTRIC CO., LTD. Report No. : Q02-22601
Tr. S/N : EDP022601

Page : 63 133

TEST REPORT OF BUSHING-TYPE CURRENT TRANSFORMER

Product No. : EDP022601 Standard : IEC 44-1( 1996 )
Current ratio : 1800-1500-900/1 A Accuracy class : 5P20
Rated burden : 120 VA (p.f.=0.8 lagging)

Rated frequency : 50 Hz

1. Cument error- and phase: displacement. ... mmummnsimssasssmasmsassia i Good
Phase| BCT Terminal Current | Primary 100 % Rated burden Composite
marking|  marking ratio current Current Phase error
error displacement
(A) (%) ( min. ) (%)
1.0In -0.084 0.1 -
1x1X1 - 1x4X1 | 1800/1 20.0In _ _ 0.077
1.0In - 0.134 + 0.4 »
X1 X1 | 1x1X1 - 1x3X1| 1500/1 20 0In - i f
1.0In p 6-331 N1 -
1x1X1 - 1x2X1[ 900/1 20.0In - A _
1.0In - 0.080 s 03 =
Ix1X2 - 1x4X2| 1800/1 20.0In p _ 0.071
1.0In -0.128 =0.2 -
X2 X21 [1x1X2 - 1x3X2 | 1500/1 20.0In - Y =
1.0In -0.325 +1.6 =
1x1X2 - 1x2X2| 900/1 20.0In ” _ _
1.0In - 0.089 ~0.} ¢
1x1X3 - 1x4X3 | 1800/1 20.0In 1 i 0.068
X3 [ X31 [1x1X3-1x3X3| 1500/1 = 2238 L2 :
20.0In y i g
1.0In 70.337 fr1.8 =
Ix1X3-1x2X3 | 90011 20.0In _ _ s
2. Inter-turn overvoltage test.Muy g AL BT B2 ... Withstood
3. Power-frequency withstand (et i oot o ceecvrerrevssessanensanes Withstood
4. Insulation resistance (2500 V MEZEZET )..uevvruivreerrerririeeierisieneieeesseesseseieseessens Good ( >2000 MQ)
5 POIATIEY .ottt ettt ettt et ettt et et e et et et et et eaeeaeeaaas Subtractive
6, Venlioation uf ferng] DRI s Good
7. Construction IMSPECHOM...cuiuiuiiiiereriieretireresestesesesessesesesesseseeseseseseseseessesesssssrene, Good
8. Excitation curves (page 6466 )...cvsmernasmmsssimesssmsevssssninssspmsssarsmns Good
Date of test : June 19, 2002
Tested by

Approved by :

H. Jaroon
General Manager
Quality Control Department
DAIHEN ELECTRIC CO., LTD.
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TEST REPORT OF BUSHING-TYPE CURRENT TRANSFORMER

Product No. : EDP022601 Standard : IEEE std C57.13-1993
Current ratio : 1800/1500/900:1 A Accuracy class : 1.2

Rated burden : 120 VA (p.f.=0.8 lagging )

Rated frequency : 50 Hz

1. Current error and phase displacement........ccoivvivicriveiisiiisee s Good
Phase| BCT Terminal Current | Primary RCF Phase Sec. winding
marking marking ratio | current displacement | resistance ( Q)
(A) (A) ( min. ) at 75 °C
1.0In 1.0009 -0.6
2X1X1 - 2x4X1| 1800:1 0.11n 1.0018 104 5.825
1.0In 1.0014 + 0.2
X1 X12 |12x1X1-2x3X1| 1500:1 011n 1.0024 1.5 4.803
1.0In 1.0034 + 1.2
2X1X1 - 2X2X1| 900:1 o lin 1.0053 +6.4 2.828
1.0In 1.0009 . -06
2X1X2 - 2X4X2] 1800:1 0.1In 1.0012 0.3 5.824
1.0In 1.0014 -0.2
X2 | X22 |2X1X2-2x%3X2] 1500:1 01In 1.0017 108 4.809
1.0In 1.0034 =] 2
2X1X2 - 2x2X2] 900:1 0.11n 1.0041 + 46 2.831
1.0In 1.0008 - 0.4
2X1X3=2X4X3| 1800:] 0.11n 1.0012 0.2 5.841
1.0In 1.0013 -0.1
X3 | X32 |2X1X3-2X3X3| 1500:1 01ln L0017 09 4.821
1.0In 1.0033 +4.3
2X1X3 - 2X2X3| 900:1 011n 1.0040 150 2.839
2. Indiced. VOIAZE: 1e8tiummci Mg aggissivsssonree b okisorss ios aag P gl v s saivasss Withstood
3. Aled. millape Toghaasancmmmmm I o Withstood
4. Insulation. resistance: {2500 ¥V mepssr uvwnssammnmmnnasramuns Good (>2000 MQ)
e 5 — Subtractive
6. Verification of terminal MArKINGS. cmiissinismmssssosssmsssnssasasastasssstsnssansasnnsnsass Good
7. Construction INSPECHOIL....ccuivrreirceireremsenetssesessesseesssesse s ssssessessesessssssssseenens Good
8. Excitation curves (page  68-70  )..ooioreieeiieieeeeeeeeeeceeeeeeee e ee s e esesen Good
Date of test : June 13, 2002
Tested by
Approved by
H. Jaroon

General Manager
Quality Control Department
DAIHEN ELECTRIC CO., LTD.
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TEST REPORT OF BUSHING-TYPE CURRENT TRANSFORMER

Product No. : EDP022601 Standard : IEC 44-1( 1996 )
Current ratio : 3400/5 A Accuracy class : 3

Rated burden : 20 VA (p.f. =0.8 lagging)

Rated frequency : 50 Hz

1. Corrent error end phase Qaplacemient .o Good
Phase| BCT Terminal Current | Primary 100 % Rated burden 50 % Rated burden
marking| marking ratio | current | Current Phase Current Phase
error displacement error displacement
(A) (%) ( min. ) (%) ( min. )
1.2In - 0.059 + 1.1 -0.036 +1.1
XL X3 | b XL 00 a7 D 18 20,044 15
1.2In -0.037 +0.6 - 0.020 +0.6
X2 | X33 |f Xy N\ o e/ 15 hoss £0.9 - 0.025 0.8
1.2In -0.079 +0.4 -0.056 +0.5
X3 | X33 1)1 e o Y %000 1,0 -0.064 1.1
2. Inter-turn oReAvOTTREENORL. Ftbt .. A VAT ATAT M. .. e oatdl N Withstood
3. Power-frequ@nty %uithstaffid{eit ). ...\ttt g ) - Cl - Withstood
4. Insulation resistan€s ( 25¢DPN [meggehbNl...on.... oz d..... . BN T o .. Good (>2000 MC2)
3. Polarity . XX oM 0y e DN o oo agg o S A T e Subtractive
6. Verification of terminal’ MarkingS......vueceseissumesssonsecsinseiosisosesioneeeeeeseeseennis Good
7. Construction inSpEREND...@):.ay-rerees Lot g Dl e Norr i L rereeeeeg O Good
8. Excitation curves (paYgN, 7284  Jvrecesc 0 e g P e Good
Date of test : June 5, 2002
Tested by

Approved by :

H. Jaroon
General Manager
Quality Control Department
DAIHEN ELECTRIC CO., LTD.
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Behaviour of Interturn Fault in Power
Transformer Winding using High Frequency
Components of Discrete Wavelet Transform

Jittiphong Klomjit '*, Atthapol Ngaopitakkul '*
* Department of Electrical Engineering, Faculty of Engineering, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok 10520, Thailand E-mail: knatthap@kmitl.ac.th

Abstract— Behaviour of interturn winding fault signals in
a three-phase two-winding transformer with delta
connected primary and wye connected secondary, using
high frequency components of DWT is proposed in this
paper. The mother wavelet daubechies4 (db4) is employed
to decompose high frequency components from signals.
Various case studies have been done including the variation
of fault inception angles, fault types, and fault locations. The
result will be useful in the development of a fault detecting
scheme for power transformer in the future.

Index Terms—Discrete Wavelet Transform, EMTP,

Interturn Fault, Power Transformer.

I. INTRODUCTION

To guarantee safety and stability of power grid
operating, a precise protection scheme is required. The
differential relaying principle is used for protection of
medium and large power transformers. In the past decade,
the advance of signal processing technologies and the
development of fault diagnosis for the power transformer
have been progressed as well as several transformer
models and decision algorithms have been proposed,
However, the transformer models on EMTP, proposed by
Bastard et al [3], are employed in several research works.
In previous research works [5], in order to discriminate
between external fault and internal fault in power
transformer with wye-wye connection, fault behavior and
variation of coefficient detail obtained from DWT have
been proposed before performing decision algorithm so
the comparisons of the coefficients of DWT decision
algorithm can give more satisfactory results for
separation between internal fault and external fault but
case studies were verified with power transformer which
is connected with wye-wye,

In fact, power transformer which is connected with
delta-wye is widely employed more than power
transformer which is connected with wye-wye in power
system due that the delta-wye connections have fewer
objectionable features than any other connections. In
general, these combine most of the advantages of the
wye-wye and delta-delta connections. Since interturn
fault is internal fault that occurs at transformer both in

This work is partially supported by King Mongkut’s Institute of
Technology Ladkrabang Research fund. The authors would like to thank
for this financial support.

delta connected and in wye connected, it is necessary to
understand fault behaviour and variation of coefficient
detail obtained from DWT before performing decision
algorithm. As a result, this paper focuses on behaviour of
interturn fault in a three-phase two-winding transformer,
with delta connected primary and wye connected
secondary. High frequency component obtained from
discrete wavelet transform (DWT) is investigated. The
scheme under investigations is a part of Thailand
electricity ~transmission and distribution system. In
addition, the transformer model with the stray
capacitances is used.

II. POWER SYSTEM SIMULATION USING EMTP

To study internal faults of the transformer, Bastard et
al [13] proposed modification of the BCTRAN
subroutine. Normally, the BCTRAN uses a matrix of
inductances with a size of 6x6 to represent a transformer,
but with the internal fault conditions, the matrix is
adjusted to be a size of 8x8 for interturn faults. However,
the effects of high frequency components which may
occur during the faults are not included in such a model.
In this paper, the combination between the transformer
models proposed by Bastard et al [13] and the high
frequency =~ model including capacitances of the
transformer recommended by IEEE working group [14] is
used for simulations of internal faults occurred on the
transformer windings.

The process for simulating internal faults based on the
BCTRAN routine of EMTP can be summarized as
follows:

1* step: Compute matrices R jand IL[of the power

transformer from manufacture test data [12] without
considering the winding to ground faults [13].

R - 0
R]l= ¢ . )
0 - Rg
Ly Lip - L
Iy tg = &
[l=30 2 0 @
Lev Le2 - Lg
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2" step: Modify Equations 1 and 2 to obtain the new

internal winding fault matrices [R ]‘ and [L]* as illustrated
in Equations 3-4 [13].

1
J

R, 0 0 0 0 0 0 0

0 R, 0 0 0 0 0 0

06 0 R 0 0 0 0 0 (3)
[]-= 0 0 0 R 0 0 0 0

0 0 0 0 R 0 0 0

0 0 0 0 0 R 0 0

00 0 0 0 0 R O

L B 8 0 06 0 0§ B
L, M, M, M, M, M, M, M,_]

bo bl 2]
M, My, LM, M, Mg M; M,| @

M, M MMl M,, My

[L] - 2a ] 2c 2 23 25

My, M, M, M, AL M, My M,
M, M, M, M@ N, L M, M:
My, My, M, Myl My M, /[ L M,

My, Mg Mg My, Mo, M R

M, My, My M,y M M

31 step: The inter-winding capacitances and earth
capacitances of the HV and LV windings can be
simulated by adding Jumped capacitances connected to
the terminals of the transformer.

The scheme under investigations is a part of Thailand
electricity transmission and = distribution system as
depicted in Figure | and Figure 2. A 50 MVA., 11523 kV
three-phase two-winding transformer was employed in
simulations with all parameters and configuration
provided by a manufacturer [15].

EGAT | PEA

— | —>

RE MK

11523 kV
50 MVA !

Primary side
current

Secondary side

current LOAD

Figure 1. The system used in simulations studies [16],

It can be seen that the transformer which is a step

down transformer is  comnected between two
subtransmission sections. To implement the transformer
model, simulations were performed with various changes
in system parameters as follows:
- The angles on phase A voltage waveform for the
instants of fault inception were 0°-330° (each step is 30°).
- For the interturn faults, the position of point Z,r on the
transformer winding, as shown in Figure 3, is varied at
the length of 10%, 20%, 30%, 40%, 50%, 60%, 70%, and
80% measured from the line end of the windings.

- For the interturn faults, the position of point Zp: on
the transformer winding, as shown in Figure 3, is varied
at the length of 10%, 20%, 30%, 40%, 50%, 60%, 70%,

and 80% measured from the line end of the windings.

RLC

-t L

sefEEH

Ly B

Figure 2. Internal fault model implemented in

ATP/EMTP

Fault high voltage Coil |

Figure 3. The modification on ATP/EMTP model for a
three-phase transformer with winding to ground faults.

The primary and secondary current waveforms, then,
can be simulated using ATP/EMTP, and these waveforms
are interfaced to MATLAB/Simulink for a construction
of fault diagnosis process. The fault signal in each phase
is obtained from primary and secondary current of
transformer as illustrated in Figure 4. The primary and
secondary current waveforms obtained when interturn
phase A fault between 10% and 20% of high voltage
winding length are shown in Figure 4(a) whereas case of
interturn phase A fault between 10% and 20% of low
voltage winding length is shown in Figure 4(b).

[I1.. FAULT BEHAVIOR OF COEFFICIENT DETAIL

As a mention, the differential protection is aimed at
detecting internal faults in power transformer but internal
fault is fault that occurs at transformer both in high
voltage winding and in low voltage winding. Therefore, it
is necessary to understand fault behaviour and variation
of coefficient detail obtained from DWT before doing
decision algorithm.

With fault signals obtained from the simulations, the
differential currents, which are a deduction between the
primary current and the secondary current in all three
phases as well as the zero sequence, are calculated, and
the resulted current signals are extracted using the DWT.
The mother wavelet daubechiesd (db4) [12] is employed
to decompose high frequency components from signals.
The coefficients of the signals obtained from the DWT
are squared for a more explicit comparison.

After applying the DWT, an example of an extraction
using DWT for the differential currents and zero
sequence current from scalel to scale 5 for a case of
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interturn fault is illustrated in Figure 5. A case of
interturn phase A fault between 10% and 20% in length
of the high voltage winding is illustrated in Figure 5(a)
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while an example of a case of interturn phase A fault
between 10% and 20% in length of the low voltage
winding is illustrated in Figure 5(b).
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Figure 4. Primary and secondary currents for a case of interturn fault
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Figure 5. DWT of differential currents from scale 1 to scale 5 in case of internal winding fault,

Table I. Comparison of variations of coefficient detail in scale 1 for a case of interturn phase A fault at various fault

ositions of the subcoil Zyyr winding,

coefficients of high Interturn fault at Inception angle of 120 degree
ﬁ'cqlf"'“cy components of high voltage winding (Coil 1) low voltage winding (Coil 4)
differential current 10-20 10-40 10-60 10-80 10-20 10-40 10-60 10-80
PligaA revious-fault | 1.5243E-07 | 1.5243E-07 1.5243E-07 | 1.5243E-07 1.5243E-07 | 1.5243E-07| 1.5243E-07 | 1.5243E-07
post-fault 2.5000E-02 | 2.5700E-02 | 2.6000E-02 | 2.6100E-02 | 5.3151E-04 | 5.3184E-04| 5.3201E-04 | 5.3238C-04
Phase B previous-fault | 1.0624E-07 | 1.0624E-07 1.0624E-07 | 1.0624E-07 1.0624E-07 | 1.0624E-07] 1.0624E-07 | 1.0624E-07
post-fault 1.0305E-04 | 1.4820E-04 1.6409E-04 | 4.4197E-04 | 4.3778E-05 | 4.3600E-05| 4.3641E-05 | 4.3600E-05
Pligss previous-fault | 1.2434E-07 | 1.2434E-07 1.2434E-07 | 1.2434E-07 1.2434E-07 | 1.2434E-07| 1.2434E-07 | 1.2434E-07
post-fault ]2.7400E-02 | 2.8200E-02 | 2.8500E-02 | 2.8600E-02 | 8.435935E-05| 8.4583E-05| 8.4635E-05 | 8.4635E-05
Zero previous-fault | 1.85471-08 | 1.8547E-08 1.8547E-08 | 1.8547E-08 1.8547E-08 | 1.8547E-08| 1.8547E-08 | 1.8547E-08
Sequence post-fault | 8.3041E-07 | 1.8011E-06 | 2.1829E-06 | 1.1022E-05 | 2.4871E-05| 2.4921E-05| 2.4927E-05 [ 2.4973E-05

From Table 1 and Figure 5(a), it can be concluded as

follows:

1. After applying the DWT, when considering the
coil that fault occurs, it can be seen that the
coefficient detail of phase A has similar value
with phase C due to the fact that fault occurs at
coil 1 which was connected as delta. In addition,
in previous fault condition, coefficient detail of
all-phase  has value less than 10 while
coefficient detail in post fault condition is more

significant when comparison with coefficient
detail in previous fault condition as illustrated in
Table 1.

When considering the coil that fault does not
occur, coefficient detail of phase B in previous
fault condition has value less than 10™; this is the
same as coil that fault occurs. Similarly,
cocfficient detail in post fault condition incrcases
when fault occurs. However, coefficient of coil
that fault does not occur has value less than



around 100 times when comparison with
coefficient of coil that fault occurs as illustrated in
Table 1.

3. When considering the zero sequence differential
current, it is found that the coefficient detail of
zero sequence differential current is very small,
and can be treated as zero, as illustrated in Table
1. It is noted that the zero sequence has the same
behavior as coil that fault does not occurs but
coefficient of zero sequence has value less than
around 10 times.

From Table | and Figure 3(b), it can be concluded as
follows:

1. When considering the coil that fault occurs, it can
be seen that coefficient detail of phase A, in
previous fault condition, has value less than 10
while coefficient detail, in post fault condition, is
more significant in comparison to coefficient detail
in previous fault condition and has value more than
other phase. It is noticed that coefficient of coil that
fault occurs at low voltage winding has value less
than coefficient of coil that fault occurs at high
voltage winding.

2. When considering the coil that fault does not occur,
it can be seen that coefficient detail of phase B and
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Figure 6. The variations of coefficients detail of differential currents phase A at various lengths of the subcoil b winding,

Table 2. Comparison of variations of coefficient detail in scale 1 fora case of interturn phase A fault at various fault

Coefficients of high frequency components

C, in previous fault condition and post fault
condition, has the same variations as high voltage
winding. In addition, coefficient of coil that fault
does not occur has value less than around 10 times
when comparison with coefficient of coil that fault
occurs as illustrated in Table 1.

3. When considering the zero sequence difference
current, it is noted that coefficient detail of zero
sequence different current has the same behavior as
coil that fault occurs due that low voltage winding
is a wye connected. In addition, coefficient of zero
sequence has value less than around 10 times.

When position of fault in subcoil Zpr winding
transformer was varied and inception angles did not
change, it was found that coefficient detail of coil that
fault occurred increased with increasing distance fault
between two turns when the position of the second
defective turn moved on winding as illustrated in Figure
6. On the other hand, when position of fault in winding
transformer of subcoil Z,r was varied and inception
angles including subcoil Zpg did not change. It was
found that coefficient detail of coil that fault occurred has
nearby value when the position of the first defective turn
moved on winding as illustrated in Figure 7.
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positions of the winding of subcoil Z4p.
coefficients of high Internal winding fault at Inception angle of 120 degree
frequency components of high voltage winding (Coil 1) low voltage winding (Coil 4)
different current 20-10 40-10 60-10 80-10 20-10 4010 60-10 80-10
Phase A previous-fault | 1.5243E-07 | 1.5243E-07 | 1.5243E-07 | 1.5243E-07| 1.5243E-07 1.5243E-07 | 1.5243E-07 | 1.5243E-07
post-fault 2.3600E-02 | 2.3600E-02 | 2.3600E-02 | 2.3600E-02 | 5.2978E-04 | 5.2990E-04 | 5.2990E-04 | 3.2978E-04
Phase B previous-fault | 1.0790E-07 | 1.0624E-07| 1.0624E-07 | 1.0624E-07 | 1.0624E-07 | 1.0624E-07 | 1.0624E-07 | 1.0624E-07
post-fault 2.3700E-02 | 2.3700E-02 | 2.3700E-02 | 2.3700E-02 | 4.4145E-05 | 4.4145E-05 | 4.4145E-05 | 4.4145E-05
Phase C previous-lault | 1.8283E-07 | 1.2434E-07 | 1.2434E-07 | 1.2434E-07 | 1.2434C-07 1.2434E-07 | 1.2434E-07 | 1.2434E-07
post-fault 2.5900E-02 | 2.5900E-02 | 2.5900E-02 | 2.5900E-02| 8.4632E-05 | 84682E-05 | 84682E-05 | 8.4632E-05
Zero previous-fault | 1.4190E-08 | 1.8547E-08 | 1.8547E-08 | 1.8475E-08 | 1.8547E-08 1.8547E-08 | 1.8547E-08 | 1.8547E-08
Sequence post-fault 7.7306E-04 | 7.6927E-04 | 7.7112E-04 | 7.6927E-04 [ 2.5105E-05 | 2.5105E-05 | 2.5105E-05 | 2.5105E-05
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Table 3. Comparison of variations of coefficient detail in scale 1 at various inception angles for a case of interturn phase
A fault between 10% and 20% in length of the winding.

coefTicients of high Internal winding fault at Inception angle of 120 degree
frequgncy components of high voltage winding (Coil 1) low voltage winding (Coil 4)
disfermiit qurrent 50 120 150 T80 00 120 150 T80
Phase A previous-fault | 8.0740E-08 | 1.5243E-07 | 1.1854E-07 | 7.1461E-08 | 8.0740E-08 1.5243E-07 1.1854E-07 7.1461E-08
post-fault 1.8800E-02 | 2.5000E-02 | 1.8700E-02 | 6.2000E-03 3.4628E-04 5.3151E-04 4.4832E-04 1.8237E-04
Phase B previous-fault | 1.5948E-07 | 1.0624E-07 | 6.3366E-08 | 1.3539E-07 1.5948E-07 1.0624E-07 6.3366E-08 1.3470E-07
) post-fault 4.5335E-05 | 1.0305E-04 | 3.8179E-05 | 1.7551E-05 3.0042E-05 4.3778E-05 4.0420E-05 1.6783E-05
Phase C previous-fault | 7.7707E-08 | 1.2434E-07 | 8.2381E-08 | 2.0084E-07 | 7.7707E-08 1.2434E-07 8.2381E-08 2.0084E-07
post-fault 2.0600E-02 | 2.7400E-02 | 2.0400E-02 | 6.8000E-03 3.5097E-05 8.4595E-05 6.9088E-05 2.9403E-05
Zero previous-fault | 1.4903E-08 | 1.8547E-08 | 1.5252E-08 | 2.2309E-08 1.4903E-08 1.8547E-08 1.5252E-08 2.2309E-08
Sequence post-fault 7.2047E-07 | 8.3041E-07 | 7.7446E-07 | 7.9845E-07 1.6529E-05 2.4871C-05 2.1343E-05 8.3784E-006
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Figure 8. The variations of coefficients detail of differential currents phase A at various inception angles.
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In addition, when inception angles of fault in
winding transformer was varied and fault point did not
change, it was found that coefficient detail of all phases

IV. CONCLUSIONS
This paper presented behaviour of interturn fault

as well as zero sequence different current had variation
Just as sine waveform, as illustrated in Table 3 and Figure
8. It was noticed that when inception angles increased
more than 180 degrees but coefficient detail obtained
from DWT is positive value due to it was squared.

signals in a three-phase two-winding transformer, with
delta connected primary and wye connected secondary,
using high frequency components of DWT. In addition,
the transformer model with the stray capacitances is used
so that internal fault signals with high frequency
components can be obtained. The current waveforms
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obtained from simulation are extracted to several scales

with the DWT. Various case studies have been carried

out including the variation of fault inception angles, fault
types, and fault locations. The result can be concluded as
follows:

e In case of fault occurring at delta connected,
coefficient detail of only two phases is fairly large,
but in terms of zero sequence, the coefficient detail
of the zero sequence is treated as zero.

e In case of fault occurring at wye connected,
coefficient detail of only one phase is fairly large,
and has wvalue more than other phase. When
considering the zero sequence, the coefficient detail
of the zero sequence can be detected with the higher
amplitude.

The results obtained from the analysis will be useful
in the development of a fault detection scheme for power
transformer in the future.
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ABSTRACT

In the literature for fault detection, several decision
algorithms have been developed to be employed in the
protective relay. In previous research works, the
behaviour analysis of signals is performed using DWT.
The results obtained from the analysis will be useful in
the development of a detected fault scheme for power
transformer in this paper. This paper proposes an
algorithm based on a combination of discrete wavelet
transform (DWT) and radial basis function neural network
(RBFNN) for discriminating between external fault and
internal winding fault of three-phase two-winding
transformer. The DWT is employed for extracting the
high frequency component contained in the post-fault
differential current waveforms, and the coefficients of the
first scale from the DWT that can detect fault are
investigated as an input for the training pattern. Various
cases studies based on Thailand electricity transmission
and distribution systems have been investigated so that
the algorithm can be implemented. Results show that the
proposed technique is highly satisfactory.

KEY WORDS
Transformer, RBF Neural Network, Winding Fault, Short
Circuit

1. Introduction

To guarantee safety and stability of power grid
operating, a precise protection scheme is required. In the
literature for fault detection, several decision algorithms
have been developed to be employed in the protective
relay for preventing maloperation of the protective
equipment under different nonfault conditions, including
magnetizing inrush current, ratio mismatch, through-fault
current line, etc. Most of them have different solutions
and techniques[1-10].
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This paper is interested in the decision algorithm for
detecting and discriminating between internal fault and
external fault for power transformer. A decision algorithm
is based on discrete wavelet transform (DWT) and radial
basis function (RBF) neural networks as an alternative or
improvement to the existing protective relaying functions.
The DWT is employed in extracting the high frequency
component contained in the fault currents. In previous
research works [10], the behaviour analysis of signals is
performed using DWT. The variation of high frequency
components of differential current signals is presented in
[10]. The result can be concluded that coefficient detail in
post fault condition is more important when comparison
with coefficient detail in previous fault condition. A case
of internal fault has behaviour similar to a case of external
fault but coefficient values are explicitly distinguished.
The results obtained from the analysis will be useful in
the development of a detected fault scheme for power
transformer in this paper, and the coefficients of the first
scale from the DWT that can detect fault are investigated.
In recent years, there are many types of artificial neural
networks, only a few of these neuron-based structures, are
being used commercially. Back-propagation neural
network is the most well known and widely applied of the
neural networks today. However, back-propagation neural
network is limited partly by the slow training
performance. It should be improved this drawback of
back-propagation neural network, or the other types of
neural networks should be developed instead. Radial basis
function (RBF) neural network is the most commonly-
used types of feed-forward network as well as the back-
propagation neural network. The simulations, analysis,
and diagnosis are performed using ATP/EMTP and
MATLAB on a PC Pentium IV 2.2 GHz 3GB. The
construction of the decision algorithm is detailed and
implemented with various case studies based on Thailand
electricity transmission and distribution systems.



2. Power System Simulation

The ATP/EMTP program was employed to simulate
the transients of fault signals, at a sampling rate of 200
kHz. For a computational model of a two-winding three-
phase transformer having primary and secondary
windings in each phase, BCTRAN is a well-known
subroutine on ATP/EMTP. A 50 MVA, 115/23 kV two-
winding three-phase transformer was employed in
simulations with all parameters and configuration
provided by a manufacturer [11]. The scheme under
investigations is a part of Thailand electricity transmission
and distribution system as depicted in Fig. 1. It can be
seen that the transformer as a step down transformer is
connected between two subtransmission sections. To
implement the transformer model, simulations were
performed with various changes in system parameters as
follows:

- The angles on phase A voltage waveform for the
instants of fault inception were 0°-330° (each step is 30°).

- Internal faults type at the transformer windings (both
primary and secondary) which is winding to ground faults
was investigated.

- The fault position designated on any phases of the
transformer windings (both primary and secondary) was
varied at the length of 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, and 90% measured from the line end of the
windings.

- Fault resistance was 5 Q.

EGAT | PEA
RE MK 1823 k¢ 4~ T
__»Wg 50 MVA !
O3 17
Primary side Secondary side
current current LOAD

Fig. 1. The system used in simulations studies [12].
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Fig. 2. Internal fault model implemented in ATP/EMTP
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Fault high voltage Coil 1

Fig. 3. The modification on ATP/EMTP model for a
three-phase transformer with winding to ground faults.

For simulations of external short circuit occurring at the
transmission lines at both sides of the transformer, case
studies were varied as follows:

- The angles on phase A voltage waveform for the faults
were 30° and 210°,

- Types of faults were single line to ground, double lines
to ground, line to line and three-phase faults (AG, BG,
CG, ABG, BCG, CAG, AB, BC, CA, ABC).

- The fault locations on the transmission lines were at the
length of 10%, 20%, 30%, 40%, 50%, 60%, 70%,80%
and 90%.

- Fault resistance was 5 Q.

Fig. 4. Components of a proposed simulation model in
case of external short circuit.

The primary and secondary current waveforms, then,
can be simulated using ATP/EMTP, and these waveforms
are interfaced to MATLAB/Simulink for a construction of
fault diagnosis process. The fault signal in each phase is
obtained from primary and secondary current of
transformer as illustrated in Fig. 5 and Fig. 6. These
obtained figures correspond to two zones protection. Fig,
5 is obtained when internal winding fault occurred at high
voltage winding while Fig. 6 is obtained when external
fault occurred at high voltage winding.
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Fig. 5. Primary and secondary currents for a case of
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Fig. 6. Primary and secondary currents for a case of
external fault at 20% of length of the transmission line
high voltage side.

With fault signals obtained from the simulations, the
differential currents, which are a deduction between the
primary current and the secondary current in all three
phases as well as the zero sequence, are calculated, and
the resultant current signals are extracted using the
Discrete Wavelet Transform (DWT). The coefficients of
the signals obtained from the DWT are squared for a more
explicit comparison. Fig. 7. illustrates an example of an
extraction using DWT for the differential currents and
zero sequence current from scale 1 to scale 5 for a case of
winding phase A to ground fault at 20% in length of the
high voltage winding while case of phase A to ground
fault is at 20% in length of the high voltage side as shown
in Fig. 8.
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Fig. 7. DWT of differential currents (Winding to
ground faultat 20% in length of the high voltage winding)
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3. Neural Network Decision Algorithm

From the simulated signals, DWT is applied to the
quarter cycle of differential current waveforms after the
fault inception. The comparison of the coefficients from
each scale is considered. By performing many
simulations, it has been found that when applying the
previously detailed algorithm for detecting internal faults
at the transformer winding, the coefficient in scale 1 (50-
100 kHz) from DWT seems enough to indicate the
internal fault inception of the transformer. As a result, it is
unnecessary to use other coefficients from higher scales in
this algorithm, and the coefficients of scale 1 obtained
using the DWT are used for training and test processes of
the radial basis function neural network (RBFNN).
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A structure of a RBF neural network consists of three i o 1T ot 1 v 10
. 5 B P " A.max X max L max ero.max
layers, which are an input layer, a hidden radial basis 001 W ——TT [2i004 3 —
layer, and an output linear layer as illustrated in Fig. 9. 1AL % ki
Each layer is connected with weight and bias while radial g 15 T\ 15 T\
basis function and linear function are activation function s 0 N
0 0.05 0.05 0.05 0.1

in hidden radial basis layer and output linear layer
respectively. Generally, RBF neural network has only
hidden radial basis layer for which the combination
function is based on the Euclidean distance between the
input vector and the weight vector. The only fundamental
difference is the way in which hidden units combine value
coming from preceding layers in the network—BP neural
network wuses inner products, whereas RBF neural
network uses Euclidean distance.

Before carrying out the training process, input data
sets are normalized and divided into 252 sets for training
and 168 sets for validation as shown in Table 1. A
structure of the RBF neural network consists of 3 neurons
inputs, hidden radial basis layer, and 1 neuron output. In
addition, the number of neurons in radial basis layer is
always equal to the number of training sets. The inputs
patterns are maximum ratio obtained from division
algorithm between coefficient from DWT of differential
current and zero sequence for post-fault differential
current waveforms as shown in Fig: 10. The output
variables of the neural networks are designated as either 0
or 1, corresponding to external fault and internal fault. If
output value of RBFNN is less than 0.5, external fault
does occur; conversely, if this output value of RBFNN is
more than 0.5, internal fault does occur.

Table 1. The number of data for the PNN.

Number | Internal fault | External fault
of set HV LV | HV LV
Training 252 81 81 45 45
Validation 168 54 54 30 30
(Case Studies 84 27 27 15 15
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Fig. 10 Result of maximum ratio from the division
algorithm proposed in the scale 1.

During training process [31, 35], RBF neural network
begins with the random initial weight and bias in all
layers. The number of neurons in hidden radial basis layer
is equal to the number of iterations. RMS error goal is
determined as 0.01 in each iteration while increasing
spread in hidden radial basis layer, which corresponds to

bias value (b=M) from 0.0001 to 0.004. The

Spread
appropriate step of increasing spread is 0.001 in order to
compute the minimum value of MAPE. This procedure is
repeated until the number of spread is reached, or the
MAPE of test set is less than 0.5% then stop training
process. The training process can be summarized as a
flowchart illustrated in Fig. 11.
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After the training process, the results obtained from
the proposed decision algorithm are shown in Table 2 and
Table 3. Case studies are varied so that the decision
algorithm capability can be verified. The total numbers of
the case studies are 54 as shown in Table 1. The results
show that the average accuracy of fault detection from the
proposed decision algorithm is highly satisfactory.

4. Conclusion

In this paper, a decision algorithm based on discrete
wavelet transform (DWT) and radial basis function neural
network (RBFNN) for discriminating between external
fault and internal fault of the power transformer has been
discussed. The fault conditions are simulated using
ATP/EMTP. The current waveforms obtained from the
simulation, then, are extracted using the DWT.
Daubechies4 (db4) was selected as mother wavelet in
order to decompose high frequency components from
fault signals. The inputs patterns are the maximum ratios
obtained from the division algorithm between the
coefficients from the DWT of the differential current and
the zero sequence for post-fault differential current
waveforms. The result is shown that an average accuracy
obtained from maximum coefficients details (cD1) from
DWT in first scale is more satisfactory with an accuracy
of higher than 80% as shown in Table 2 and Table 3.
Although the proposed algorithm gives satisfactory
results, the overall accuracy indicates that this algorithm
requires further improvement so that greater precision can
be achieved. However, this technique would be useful in a
differential protection scheme for transformers. Future
work will be directed towards improving of the algorithm
so that a magnetising inrush current in the transformer can
be identified.

Table 2. Percentage of average accuracy in case of internal winding fault

Validation Set Case Studies Set
coil High Voltage Winding Low Voltage Winding High Voltage Winding Low Voltage Winding
AC BA CB A B 53 AC BA CB A B &
10% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
20% 100% 100% 100% 100% 100% 100% 100% 100% | 100% 100% 100% 100%
30% 100% 100% 100% 100% 100% 100% 100% 100% | 100% 100% 100% 100%
40% 100% 100% 100% 100% 100% 100% 100% 100% | 100% 100% 100% 100%
50% 100% 100% 100% 100% 100% 100% 100% 100% | 100% 100% 100% 100%
60% 100% 100% 100% 100% 100% 100% 100% 100% | 100% 100% 100% 100%
70% 100% 100% 100% 100% 100% 100% 100% 100% | 100% 100% 100% 100%
80% 100% 100% 100% 100% 100% 100% 100% 100% | 100% 100% 100% 100%
90% 100% 100% 100% 100% 100% 100% 100% 100% | 100% 100% 100% 100%
Average 100% 100% 100% 100%
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Table 3. Percentage of average accuracy in case of external short circuit

Validation Set Case Studies Set
distance High Voltage Side Low Voltage Side High Voltage Side Low Voltage Side
A B C A B (& A B [ A B C
20% 100% 100% 50% 0% 0% 0% 100% 100% 100% 0% 0% 0%
40% 100% 100% 50% 0% 0% 0% 100% 100% 100% 0% 0% 0%
50% 100% 100% 50% 0% 0% 0% 100% 0% 100% 0% 0% 0%
60% 100% 100% 50% 0% 0% 0% 100% 0% 100% 0% 0% 0%
80% 100% 100% 50% 0% 0% 0% 100% 0% 100% 0% 0% 0%
Average 83.33% 0% 80% 0%
Electrical Engineering (ICEE2011), pp. 1-4, July
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Abstract

This paper proposes the proper kernel [unction in a
support vector machine (SVM), which is used to classify
the internal fault type in power transformer, The Gaussian
kernel and polynomial kernel that are two types of
non-linear kernel parameter are compared in terms of the
average accuracy and time of training process. The results
are shown that the polynomial kernel parameter of SVM
algorithm is able to classify the internal fault type with
satisfactory accuracy, and it takes the average time less than
the other. The benefit of using polynomial kernel can be
applied for fault diagnosis in future.

Keywords: Power Transformer, Support vector machine,
Kernel, Discrete Wavelet Transform, Fault.

1. Introduction

In recent year, artificial intelligent process has been
applied for analyzing complex data. Many literatures have
been reviewed for rescarch proposed. Algorithm for fault
diagnosis such as neural network '?, fuzzy logic ©,

support vector machine ©¥

, and etc. has been used in many
researches. These techniques are for achieving high
accuracy of fault diagnosis. However, cach technique has
its own advantage and disadvantage on different types of
system “'". The feasibility study to apply fault diagnosis
technique in practical system must be done to ensure
satisfactory performance ‘',

One of the algorithms that is widely used for fault
classification is support vector machine algorithm. This
algorithm can classify non-linear data by using kernel
function capable of accommodating complicated data, so

variety of data can be analyzed.

The purpose of this paper is to evaluate effect of
kernel function on SVM by comparing two functions
between Gaussian and polynomial kernel parameters, which
are used to classify the internal fault type in power
transformer. The fault conditions are simulated using
ATP/EMTP program. The current waveforms obtained
from the simulation are extracted using the Discrete
Wavelet Transform (DWT). The DWT is usually employed
fo extract the high frequency component contained in the
fault currents, and the DWT coefficients of the first scale
that can detect fault are then investigated. The validity of
the proposed algorithm is tested against various fault
inception angles, fault locations, and faulty phases. The
construction of the decision algorithm is detailed and
implemented in various case studies that are based on
Thailand’s electricity transmission and distribution systems.

2. Simulation on Power Transformer

Winding
For the simulation, the three-phase two-winding
transformer 50 MVA, 115/23 kV is employed in

simulations with all parameters and configuration provided
by a manufacturer. The BCTRAN model based on the test
data can be obtained from the transformer manufacturers,
The simulations are performed with various changes in
system parameters as follows:

- The angles on phase A voltage waveform for the instant
of fault inception are 30°.

- Internal fault types at the transformer windings (both
primary and secondary) which are winding to ground fault

and interturn fault are investigated.

© 2014 The Institute of Industrial Applications Engineers, Japan.
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- The fault position designated on any phases of the used as an index for the occurrence of faults.
transformer windings (both primary and secondary), is The internal fault classification decision algorithm is then
varied at the length of 10%, 30%, 50%, 70%, and 90% constructed based on the support vector machine toolboxes
measured from the line end of the windings, in MATLAB. Before the decision algorithm process,
- Fault resistance is 5 €. support vector machine structure consists of 4 input as

shown in Fig. 2. These inputs are the maximum coefficient

EGAT | PEA of DWT at % cycle of phase A, B, C and zero sequence

e o8 l;g’:l:‘vt\v - :H provided to support vector machine model. The obtained
@ | V | A . . values from DWT are normalized to between 0 and | for
| £ | vlr support vector machine process. For the next stage, we

Primary side Secondary side

current citEane LOAD identify fault type and phase of internal fault in transformer

by 6 models of support vector machine. Each model can

identify different fault s as show in Table 1. Data mapping

Fig. 1. Scheme under investigation. ; ; ;
is an important part of support vector machine process as

shown by flowchart in Fig. 3.

3. Decision algorithm ; . .
g As previously mentioned, the objective of this paper is to

: . evaluate effect tion for the SVM. Non-li
The fault signals generated using ATP/EMTP are }c{va NS AL N Of. - ;e e onl W
interfaced to MATLAB for the internal fault classification :rneGl para'metir > slupporl ‘v;ector l.n?ckme c]on;t?’lorllly US:;S
.. . the ’ 5 U

decision algorithm. The mother wavelet daubechies4 (db4) C‘ AL ) SITL (R ynm?na = 1-na a T
. . / decision algorithm can be verified with various case
is employed to decompose the high frequency transient ) e

. ) ) A studies. There are 108 sets for winding to ground fault and
components, which are superimposed in the fault current | ,
. . ’ 432 sets for interturn fault. The obtained results from
signals, by DWT using the wavelet toolbox. After applying o\ i ol Lsite the i I

‘ ; 5 é ; @ t t
the DWT, coefficients obtained using DWT of signals arc A \ ,d ot t ELH 048 i Jessity the intema

) fault are illustrated in Fig. 4.

squared so that the abrupt change in the spectra can be

clearly found. In previous paper ') this sudden change is
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Fig. 2. Support vector machine structure for classifying the internal fault type.



Table 1. Output model of support vector machine for fault type identifier.

Models of SVM | Output of SVM Classification of fault type Types of fault
1 Winding to ground fault at coil 1 (A-C) WG-1
1 2 Winding to ground fault at coil 4 (A) WG-4
3 Other fault N/A
4 Winding to ground fault at coil 2 (B-A) WG-2
2 5 Winding to ground fault at coil 5 (B) WG-5
6 Other fault N/A
7 Winding to ground fault at coil 3 (C-B) WG-3
3 8 Winding to ground fault at coil 6 (C) WG-6
9 Other fault N/A
10 Interturn fault at coil 1 (A-C) TT-1
4 11 Interturn fault at coil 4 (A) TT-4
12 Other fault N/A
3 Interturn fault at coil 2 (B-A) TT-2
5 14 Interturn fault at coil 5 (B) TT-5
15 Other fault N/A
16 Interturn fault at coil 3 (C-B) TT-3
6 17 Interturn fault at coil 6 (C) TT-6
18 Other fault N/A

Scaling

Parameter Choosing
P =2, C=10, QP condition= 1 x10 "

A

’;Iapping by using Polynomial Kernal/

K= (1)

Y

Quadratic Programming Vary Parameter by PSO
max inlize E:‘(r, —%2: ET.."w“rd-d)“.l"; p
subject to: 2::‘“" =0, OsasC L
QP Condition

L

Accuracy 99%

P, C, QP Condition are used for training

Fig. 3. Flow chart of support vector machine algorithm.
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According to the Gaussian kernel parameter used in
training process, relation between average accuracy of case
studies and training time is shown in Fig. 4(a), it can be
that, the

increases, the average accuracy tends to decrease while the

observed when Gaussian  kernel

parameter

average training time tends to increase.

After the polynomial kernel parameter is used in training
process, relation between average accuracy of case studies
and training time can be also carried out and shown in Fig,
4(b), it can be observed that, when the polynomial kernel
parameter increases, the average accuracy tends to increase

while the average training time is slightly changed.
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4. Conclusion

One of parameter that has an effect on accuracy of
SVM is kernel parameter. This paper investigated on effect
of kernel parameter on performance of support vector
machine algorithm by comparing Gaussian and polynomial
kernel parameters. The algorithm is provided to set of
training data to support vector machine model that can be
compared in terms of time and accuracy. The obtained
result reveals that polynomial kernel parameter is able to
classify the internal fault type with high accuracy and
requires less time for processing in comparison to Gaussian
kernel parameter. From this result, support vector machine

with  polynomial kernel parameter can contribute
satisfaction accuracy for fault diagnosis in power
transformer.
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