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ABSTRACT

The purpose of this thesis is to design and assembly the electrical test cell for
liquid insulators. There are several methods and test kits available for insulation testing
in high-voltage equipment such as dielectric breakdown testing, etc., Despite that, but
many methods are unable to control the Test temperature where the temperature is
one of the factors affecting the degradation of the insulation. Therefore, this thesis
discusses the design of test equipment capable of controlling temperature and
supplying high-voltage electricity based on the simulation results of electric field stress

and heat transfer inside the oven.
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(a)

I
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(b)
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(b) WA IUND

2.2 anwaznsiausnandluuia

2.2.1 minmfaﬁﬂszmmaugsai (complete breakdown)

LUiﬂﬂTJﬁUiELmﬂﬂmyjiﬂj nu1eie NMsAauInAIdRasawnUyiLY euleasening

[ 1Y

S1anInse J9AnT uluauiIundLsIAULE 01U 081N Anszualnasg uinauuuliLie
WSNANIY NSELALUSNANIUTAEIINAMEAUAUNIUNg LT 8wsIn Y Tuvaeusn
anlietuazlunanfeiuivaninsuin Inefaysausnanuussmanysalfionanus

AuaNwazIAa ALY 2 Luu A

- WwsneUlaease (direct breakdown) @9aziinduluwnuidawiuluiradniaue
a e 2 v a | ey A A ¢ | a X ¢
y3ellaiauaiantagfoagliilalsul ¥15oRausAUNAIUNATUADUWTNANIY
a PP ¢ < a ¢ w
WielaRoulutusnanid Aveiausnaviui
- wsnaUwuulalsun (corona breakdown) @93t n® uluwn Uy dauu w1l
<': S =1 A A 6 1 a 2{ 1 L4 1 Y
dinianegefe AxilalsuIvIenarIsauNEdIAnTunauUINATI Ausaulalsun
Sutin anunsamuule wssduusnaaluulalsunfiangeandtAwsesulalsunisy

L9 ezl lAa NUULAETISAUINANIUNIEDILUY 81LEAIABAITIN 2.2

AN5199 2.2 AnuaEfavIsausnAIuluwny

. , aulvinlaasuaue .
anuauzlunny aunslihasinaue ). aulniliaiiauoas
Wntee
lLififavsanay J&)i\
fav1sausnaL
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UNEIY /4 1 N =
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SNwazLUINANIY
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winatilagnse = WINATILUUlALSUN
WINANIULAYNT
AT IFU
*
WUSNANTYS 0 U,=E, xd Up=Eyxdxn’ U;=E;xdxn
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2.2.2 fd¥1353U19d9U (partial discharge = PD)

faunsausaEIl ‘vﬁamimiﬂm’sﬁhjaugiaﬁwzLﬁm%uiuszuumiamuﬁ'ﬁamulw%w
lﬁaﬁ%auaqq Fansusnaniifissunsdu fie winanndilddenleasswinedidninse Ju
nsiinlesslulrduluwnUiisunsdiu veiifiSeninfavisaunsdiu (partial discharge =
PD) 30 N3Raw15a U Aavsauwuulalsun Aaunsaniui iusuudsesnidu 3 wuude
1AlsuA@N3a (corona discharge), Aawnsan1uET (surface discharge) wazfavrsanielu

(internal discharge)

Aavnsauuulalsw Wunsfansaluaunulnildadnavegesouvaiedibninsaumay
wseveuAufiagluaniavsauianuauln 13endn lalsun nisilalsudavisavekuiniu
WaanueieaauubiiiAuaauiulnidngs (Ec) luenia Wetialalsuilusinieena
dunavisesuslamesisnieauy A azladudes Hissing (Aauuasiu) dndulelau (03) n1n
a a 3 a a ¢ a &£ U s o P ) A e a
fnadinaziiuuanses talsufaviaintuluguiadduy Sllaunnsuanudads MHz adu

ANUDEILITUNIUTEUVARANS 138NT1 ARUTUNIUING (RIV = Radio Influence Voltage)
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fagnanuiy Tuaulniuuuaitaus vseldadiatenmuawiuudazidiuinly
awulniludundiuesinfinm wu wianiseinimazinnuassnauulnig@uaudu
Ya a ¢ = ] a2 = 3 a a X A =
waliiAnfavrsavuludumdueinia nsiawsanuiinduiisnaesenauu iy
Aauiu (tangential field: EY) dAngefisaningn (EC) fog19i9u i uauiuundsAusening

a [y 1 Aoy e ) a
dianlasanuuruszuu MUngalasnauiuiiu LL@S‘U@WEJE*I']EJLF’]LU@LLNQQ
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Aamsanely adunmeluauinudmseauiural Jdinewiasgaiely Anuasen
auliivesauiuifanianmelusuistuegiuanueioaauuliivesuianuslseg
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melulieauiu Fansivesuiaegnsluawiusiduamveniilddnisifiausnanitluiian
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2.3 2UIULAAILASAUIULLUY

2.3.1 anwaaNUATNIAIAYUDIRUIUMAIAZAUIULDS

nwuzddyilusmrveninauanifvaraunnuesauiull 4 Ussnsee

1) AnuFunLYesauIL auumsgauAivieawulinfauysal axlivinszuaias
Slegnileusussdiunszuanss nanifie arlsiflanminliiegias uienavilddnitauiuty
franudunugaduetud wieunliinlums foifduinasihnssuaoging usiirdos
unifletouuseiunszuanss Tunansit arseudliinddanuduniugelsidueiud
ynusfisngadiafiiald AeudumuBsgefuanchaviuifinunmmsauiuded et
auluduszididnlnsafideunsaunssuansadunaimuauinssualvaniiuauiudy
Sennspuaiilvariutui nszuasa nazuadadilnaiuauiul wisesnduaeszuuuy Ao
sUuUULIN AIzuaarinantuiioauiu vioifenin Anudiuniwdsuiums (volume
resistance) 1 9391nauALTanNLeY 19 damdngunuy nszuaagivasiiunmisauu
demnfafiammindenindfasesidfounazenutuiiin wiedunhmudunmidia
(surface resistance)

[

2) AnAsdlABLannSn use Permittivity Ldun1siimesnidday uazidudiuendnvay

o

vasladidnnsnuseansavuluininddneazduiuule

3) winwesiadliihgadeladidnesn (tgs) lumsufiRewiunieladidnn3ndingds
gaudeladidnnin onauusliidus suuuu ldun ddsgaydesinanimihini o (conduction
loss), Mdsaaysdearntwantsiadu (polarization loss) wavnasayiduainiessluiedu

(ionization loss) TuanuymeaeRav1sauIsdIu (PD)

4) aAnuAsusianserulninvesauIl (B 10udusdlinsuitawiuaunsonuse

v Yy A v =~ a ° % i = = o § v
wsssulsannusadeeiiedla lnelinsivuaseranuesenawdliinagyilvauiuun
A1t ArpuAIusausuli Y ueg fuvlinvesarsiiilassasianiaiivasneaidnd
Ay ansuszaniileassadradundnaziianisiusnamisununnindsnudanieissning
aznoutlosiign Jainazdunaiiuinsessesvainisiausnaniluawiuszlidusuudunsy

IngUnAau IR NUELIIUINATIURZINTIRLIUWAY
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2.3.2 NSAALUSNANILYDIRUIUANTINITAN

nsiiausnailuamiumandudldfinguiaunsatusessulduuuuiuey
dosnmadausnenfluauiunanduiidadevaisedwiidma onautseanididu 2
wuRandn fio wndeiinds auiliauumanduidofieatunsen uareSuisnininiusn
andludnyazihgiiudunalniusnanidlusia dwudnuuifaldeSurenisiiausnaniily
aunumariinaInduievu nievenda lngasuaessliiuuidnlaf amnsnesuie
Usngnisainisiusnandlannnsd egalsinunisifausnanatluawinmaiidainisdiens
Anldnaumadwielud

nsiAnlnsslazrleauiia (cavitation breakdown) dsiianumamusonsssuluindiosndy

awuvan Jsazidugasusuresnsiiniusnaniluawiumanle

219'C ocTo’cl
JUN 2.3 vengnnasideyulunuiumaiddlag

a a a & & v 0§ Y a = a
Asindndevuresuewds iudumgirlfiiannuassnaunalvinluve wnaaiiu

geuamzan kazaunsanelviiinnisiusnadluawiumaila

2.3.3 nsiinlusnantvesauIunds

nsfntusnandluauaneds 9guana1snnsiaiusnanadluauuuia wazauiu
Wil NaNAe auluLiakazawIuaIEIsandUAugan AL livaRInAnn1slUSN A
Tunanliuy uiauiuwdadafiausnanitdudezdeanineuiuegends warliaiuise

Jranldausalea
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auuninsiy 1 MV/cm agiiavataflansumnonIs1 s uRLULn S

3) LWWInATURULERSLLWES Wusnauiddnvaen1sing198aunainnalnnisie
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wsnAdluvansues tnglunediinisiusnanidinagliiafassansunes viely
Ui uirslidnvazdusuuraisuuidunininnisifansanalenss Aslugui
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JUN 2.5 dnwaifarisausnaniuuusntdssuindidninsnatsuveuiussuiu

4) LUSNANULUUINDSIA ABNISMUSNANLVDIRUIULTIMIAATUIINNATDIAINSDUN

Andululleawiufiesnnnszualnaniu lnsawiuudssdinsanimegladmnnanuioun
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O

a) nsvauwshuganaduluhdundawasdurany
b) nseawwsluganAuluthiumisuuasduiaiu N,

©) AFEATUANUNTUAUEE N,

wanslniied unanannisiloseululsauiunanisvihugizensns q dulni
WU NsEUINIT Blantaslada 1Wudy fedanasianisideuan wuatauiuls laslanizag1989

disegnmeldauuliinssuanss

6) WwsnAMilaandavisaniely Wunishavsanisluiileauiuwdaiindain
A Ao ' Y ° | | | ~ a & &
anuUssvdunianuamusowsaiulniisiniluey 1wy Ines viislnsudalulieauiu
A A a ' | U a & =~ & a cala =
139N USIIUTREMDTLNINRUIUNUDLANINTA @15:30UULILLAALUTAAIIUNTAINULAT BN
aunylinsnIniieauiu Tesaiunsanuslnsaauiuinietulaset Inssauiudunia, Tus
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5UN 2.7 auduillnsauia

2.4 nalnvaanN1saewAu3au (Mechanism of heat transfer) [2]

ANSANUMANNTOU AD NITAINIUNEIIIUANNSDUTIAPTULTDIINNAULANAIVD

gamall faiu Welafnundanuuanaiwesgaginaduludiinaimieseningdinainis

9 Y 9

gremauFoudnaziinTuls JUN 2.8 waninisaeinausouiintulunuusiig 9 Wedl

\nsweuvigamall (Temperature Gradient) Winduludnanafiegls wuvesuds vsevedlva

Y

WONYBINNTUNANSEU (Conduction) AxtdunisaemausaunnTurIudiINane Tuvuy

a 1% . [ I i A a 49{ 1 A&J a d‘
NNITNIAIINTDU (Convection) azidunmsmemanuiouiiliaduseningiiuianazueslnai

::1' ~

a oA a | (Y] 1 T a [ % . . < A
LARDUVILUDURD URAULANAINNU FIUNITUNIIEAIINTDU (Thermal Radiation) QSL‘UUﬂ']TVWlﬂ

9 Y

=

& Ada da a ¢ ' [ z-ﬂ' 1 [ v d‘
Wu‘ﬂN?Wﬂamﬂﬂﬂﬂux‘]"ﬂgﬂaE)EJW@QQ']UFL‘NEU‘U@\W]@ULLNLVTaﬂ‘lWﬁ']@EJﬂiﬂ WQUUIUGGTJSVI

9 Y

Usrmndnansla 9 aeiindsanenausauaynsiinTuiiosaInn1suSIEseninauRaes

[
=1

wuindgamgiivansaiula

N\ ‘7

e

TR A,

= —-—
\'g/ \gﬁ Conduction
— T /

'

Convection 3

‘

a2

Radiation

5UN 2.8 UluUNIsanemAUSoulinTulagn1sul MINT WagnISWHSE
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2.4.1 71541 (Conduction)

nsanemANusoulaeniIstiruseu WunisanemanusauielsiAenintuly

'
[y =

Fapfidusnansiiunas Weflruainduresgungiiannsaialdiduronds veuvauas
ufa widlosnndinmslramsuisuintuluresvauasuia widwiuluvewudefiuuasaylsl
fnmsindeulmmgluiagesiinsdemanuieusnenmsinfissediafer sasnisdiowm
anuseulasnisihauseussidudadiuduaininualnturesgamad (Temperature

gradient ) dT/dx Aauiuiui A finnuseulvariu fsaunis (2.4)

(area)(Temperature difference) )

Rate of conducti ( i
ate of conduction a Thickness

dT AT
Qcond O(AE = —kAE (2.4)
WO Qeona = ORTINISOIENANNTOU Lnan1siIANSEL (W)
A = NunArnusaulnanu (m?)
T = gaunnil (K)
X = SYYLNINITLARDUNVBIAIUS DU (M)

ANUAEILNTALUNISUIAINTBUTBIETS TAA8USUIUNLSEN3T AINNSUIANNS DU
(Thermal Conductivity) 3eldfadnuyseadn K Fndunauanianisnisnmvesdianaisiid

Y 4' a 'Y ° Y = a1 &
AUTDULATIUNNIUBATINITHIAIUTBUIINANTY

AT
Qcond — _kAE (2.5)

M35 Mav0IANNS BUlUNANIIRIRINAUNUN (W, J/s)

dn, dl U ¥ 2
NUNNITANENAIIUTDU (M)

gaunni (K)

4 i
U v A

= SLYLNNFIRINAUNUNNITANENANUS DU

A X 4 » =
I

duuszansnisinenusau (W/m K)

aun1sf 2.5 Ae ngn1su1AIus auveswLies (Fourer's law of conduction)

=Y

A3 eInNNgaUiagnsdovesaunisilunaiiosainngleasmnavesiulauniing &4

Aruadn anuseusssadlnasnyanigamgiiadludaniinamgion uwiiodainauain
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furesgaumgiiteitanatiossezniy X Wnuntu Jadlineammeailuau deunindesnis
Tgnsinisaremanuseulualuiicmsniduuinusetinnduuin zdouduniasungauld

ANUYINVBIANNNT (2.5)

Sarmsdemanudouriufinansiuduiuvastade wu FUNTI ANUNUT WY
Sagldlunsiianans i’mﬁgqm’mLLmﬂﬁhwaqqmmgﬁiwi’m@hﬂmq AnsiAuTeu k
HunuauiRedmilswesing msthanufeudumsdemndanuaineymafifindsaug
Usounmafiindrnusnitannsafatuldisluronna veauds wazufa Azt
Soudlgamgiish 9 vesufalsiannsomldannisiesed fafudeyaifeatunisthemiuion
dlngvesianisléunannisiauarmavaaoulagilludrdnsihnnufouvesingas
wUsnugangd uwinmmitluldemiusunsuidadudninnudarldemaianudounsd
fimangamgiitady arsidauaansalunisthnnuiougs 1w lavs agilen k dumsid
Anwamsalunisinnudeud iy @se lavg Avzden ki A1 k Fadunaaudd
Usziniaweansi dandunnlunisdneiienasad sufivesaanufeulugstu azaunse
WIBUITIBUAMNEINNTANNTIN AN o UTBIEITAS 9 Taen1SiUSauLisuaInal k Ue9dns
waniu Tnsarsfifien k g9 ai3endn a1sdath (conductor) wavansfiian k i 3oy

23U (Insulator) A19819 A1 k Y09a13UTHALAAIAIFUN 2.8-2.10 UaA139 2.3

\

& 1
GAS S NN
*Mol_ec_ular P2 LIQUID OOO\/OOOgELGCtronS
l *('\:;chl’lllsézr:;r Q-\L v *Molecular A f) > SOLID
ﬂ /K diffusion 22 Collisions 00080000 *Lattice vibrations
7 *Molecular /] N *Flow of free
7\\]}/ diffusion (j &8 electrons
000 000%

5UN 2.9 M3hAnUTauvesEsiianTuzLANANeiY

A1519 2.3 ANNISUNANUSAUVBIANTUNT TR

g Ansihanudou (K), W/MK
Tavgudav’ 35-430
lanzivian 9-90
Y0987 (elang) 0.2-2.0
voeuds (elane) 0.02-20
AU 0.02-0.40
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NONMETALLIC

CRYSTALS
Diamond
1000 PURE Graphite B
k, METALS | silicon
Wim.°C METAL Silver Carbide
ALLOYS | copper
Aluminum Beryllium
100 alloys Oxide B
NONMETALLIC Iron
SOLIDS
. Bronze
Oxides Steel
L0 Nichrome Manganese Quartz
LIQUIDS
Mercury
Rock
1 Water
INSULATIONS Food
Fibers
GASES Rubber
Hydrogen Wood Oils
01 H Helium
Aip Foams
Carbon
dioxide
0.01

5UN 2.10 FravesEnmnisiianuieudmsuaniugsne q YesanfioungluarauduUng

14,000 Solids
k Liquids

Wim.eC st —————— Gases
Type lla
1000 \ Type llb

(]
100 Tungsten Aluminum~— ' Gold 1!

—  S—

Platinum
Iron

10 Aluminum oxide
——__ Pyroceram glass /_/
1 Clear fused quartz
— — — Water Helium
01 F— —— Qbon tetrachloride o _Stem Air
== . . ———— 7 7 7 7 7 Agm
| — : =
001 [ —
200 400 600 800 1000 1200 1400
T, K

sUT 2.11 Amsihenufeunulsmugamnivesansunawila
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2.4.2 n15W1 (Convection)

nsmemaNuIeulaen1snIUsEnaumenaln 2 8819 fis WAKAANSEEMNE U
watesnannsiedeuiinionsunsuuuguvedinana uagnailosnnainnisiadeudives
vadluansdowdnuariiintuld wu lussuuiifinnfewigamgiesdinsdemanuion
¢ waniflesanluanalunguvediuatsdinsiadouiivuuduegsne faumsmemanuou
FomeAntulafniuiosnnnnedouiivuuduvesiuananasninadouiivesvesiviaday

gy nsaewmanusoulagnisn wusesnladu 2 anvee laun

2.4.2.1 NISWIAUS DULUUDETE (Free convection) 158 ANTNIAIINS BULUY
555015 (Natural convection) A8 n151A8 eufivasauseussnineiiveswudwazvedua
Imsn?fsuaalwagﬂﬂ’aﬁuiﬁm?{auﬁiﬂé’mﬁaﬁ’uﬁaﬁumﬁumLL%aImsmaiﬂmauaﬂ WU NAAL %30
Lﬂ%iENQU‘SW

2.4.2.2 NMSNIANUSDUBUUTIAU (Force convection) ABNT19LAR 8 UNVDIAIUS DY

| a < d‘ 1 A o b9 dl' A ! Ql'
senIiIveseskilsiazveslna lnelddnalala 9 Avinlivedlvairdoun usveslvanioy

Y

1ndduRnYeewMTdRaatPdsuN lalaansIaef U0 039 taLa LT9a08fTLARINAIIN

uanANgveIANLiuTaadiva Welinauuanswagugiluiuvewetlraiy

a [y

a [% A a & d‘ A & a 2 aa
N5aN1snIANNSouieTuluveslralp o uNH I UN UR Ve T s NT o v aiA19A

9 Y

1Y o

Ae3Y 2.12 Auansnisaiemanuseulnensniseninaiuifounuresvainfeuinuly

a A

vuunwing Jeuansbiiunsivdsunuatssnnuiuaraangl eafithdunafie Amsy

Y 9

=Y

zantoatluiian19nInd1dR1v89 T ANV ILTIIINAUEIANIUNLTRWIINAIY
A = & A la v a O = < < ¢ v !
nilnvasvadlvauaziiosnnvesivatuiiegfniuinuudanansnduaud fdadunisaiem
pnuessaniuhefiunsznindiiveawiuTdniuvesinatusanaradunisaiemaudou
wuunstheg iyl veslraiifianiisigeagliriauaintuvesgnmgliaswilidonsinig
AnuFouaanuluaieg 11319 2.4 wansiduusedvanisnanuieuvesvesinauisuiin
nsAwINenTINIsAdauivasauseulaensrntuludgenn Weiansanuas &
angdmageg 9 ilnasenIsAaaUNTeIANUTaURUUNITIE WU AuaudRANe 9 999909
Iy 1w AuvuIRUY AINTUTINIE AUNEA T8 AIALSIVEIVRI e AILLANFS
! a & a 13 [d v a o Y
FENINQUNN VRN URIVR VDTS Uazvadlua 1Wudy didu (Newton) ladnadyniniy

gegnnanil lnglaueaunisdmsuamwiugnsNsinfsunvesnuioulaen1Tn Al

q=h(T, = T.) (2.6)
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Tne? h Aeduuszansnisniaanuseu (heat transfer coefficient) ivuaeidu W/m? K
Tuszuu Sl way Btu/ft? hr °F wag qAe 8M51N15018WANNSDUADNUIENUNVBIVBITIT

duiariuveslna, ThAe gaungiifisounin (veswedlva vieuiiveswods) uag T. fe

< 1

punARMEUNI (Vosvaslyia NS NURIVDIVDILT1)

9 Y

Velocity
variation
of air T,
> \/ »T
- Temperature
> Air variation
flow I’ of air
Q.COI’I
A |
/ Ts
Hot block

JUN 2.12 msiantuveunlunismemanusoulagn1sninu s uwuutady

AN919 2.4 ANFUUSEANTNISNIANS aUTBIvasau sl

Ussmnismnenudounazsiavesnisiva | Arduusvansnismenusouaas (W/M? K)
NISNIAIMUTDULUUDETE, BINF 5-25
MswIRL UL UBESE, 1 20-100
ASWIAIINSBULUUUIAU, BINA 10-200
ATTWIAIIUSDURUUUIAY, 1h 50-10,000
¥hiduien 3,000-100,000
Tovosiidsndus 5,000-100,000

2.4.3 n15ue59E (Radiation)

v

o Y a A o i A aa
NN IIFAINUIDU ﬂE)ﬂﬁiwwa\‘i\‘ﬂugﬂﬂaaaaaﬂmmmmqwu’quﬂNwLLuuau IWEJ
=

Y

(%
o 0 [ al 1

mguuoIureIuls vourad vseufd Ala wasuresauunIsuNssdinisaemlagend

=g

Aauwan Wi s aSundntanialn lneu (Photons) Tuvasii nsanamndasulaenis

1913 9N15NIAUS UL FB9D1F8FINAIUNITANEN N1SANENLAENTITINSIA LA DI e

a &

finadla 9 wazazinnisaemlaedliussdnsnmluaniizduagyyinie
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dmsuimnsisnisiiauieundowiilaensuised enaliianudidgyvinduiiags
A NIAUINNENTINSAABUNVBIANUSDULANTWHSIE Inelul 1884 a@fwlu way Tuad

W (Stefan and Boltzmann) ataueaunislunisAuingnsimsiafeuivesninuseugean

lAgMIUKTENN I NEHUT A ULavaumngil T fall
qr = oAT* 2.7

Tnedl g Aodnsnisanemeudeusnnsunssd (W) o femmsfivesaimuuazivad
W (Stefan and Boltzmann) defiAnwindu 5.67X10° W/m?k* Tussuu Sl uay Sauaiu
0.1717x10° Btw/hr ft? R luszuusangu A fofiuiinavesiunssdaudou (m? uay T fio
oaumglivesiniiunsdanuseu (K

dunns 2.7 3 annsaiezthluldlunisduaniieUsslonilunisesnuuuindesiiosiig

7 la T ia1nsusSsdrusaugeanuaunisn 2.7 158011 Tnglugaunad vsoingen

% aa

(black body) Ingdegm 9 lasursdladosndningan nMsussdanuTeuanianlaena

[
Y A

7 lUndgamail T uagitui A auideulnall

1
g
Y
[
=

qr = 0eAT* (2.8)

laed & AoAnANURNIINTUHTIAAIINTPUIBITANTUTENTT ANITUHTIE (emissivity)

= a a = a a lo A % o o = = v o =

FadudTuunuansdasedniamnisudsidanuiouvesing WalSeuisuiuiand

ausauHIERNTeulAaan & wlA1ToENIT 1 Leaue
n137agmdnsINIsuanilasunuTeulnenIsuNTdseninianaesdundg ungd

wane1efiudugsenun bazdilinaaduuni nsiiasannsdnisuanilisunnuiou

dad ada ! v o ) v o 1 Y] < '
LANNUNUNNI A BaZAINITHHNIIFAINUIDU € ﬂU?G]QIM@“UQﬁi@‘UﬁQN'JG]QL@ﬂ@%

zingvaile

9

)

lngiingianiloamgil Tn i ungll Telsawsaligudnsinisuaniuisuniny

Fougndveringriaadlanail
qr = eoA(Ty — T¢)
qr = 20A(Ty = To) (T + T(T;; - T¢)

dr = hrA(Th - Tc) (2.9)

Tl hr = eo(T, + T.)(T2 — T2)

h, A8 dUUsEaNSNISHNTIAAINUSDU (Radiation heat transfer coefficient)
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2.5 wansegnuannanunialunisszunealnusaunialunsiandas [3]

Tnevilunisdemanufeudiint unielundendasiuiueg fuvaretade iy vin
uazUsinasveniduniontas, Snvnrretunsszuisnueu, Mshndaiaauszuisay
Fou 18

devhninussuiisulsgansamnisaremanufouluitunleutamansin
BNFIDEINITUSBUTIBULNININATE Y CSA-C50-97 Wud1 1y Class A aziiuszansanm
figand Class B agraiulédn Lwimﬂv‘hmiLU%sfuLﬁﬂuﬁwﬁuﬁagiuuwmsgnuLamﬁ’u%wudw
Fuuseng 9 Tiun duussansnsdiemaudou (Heat Transfer Coefficient), AAIgARTM
30U (Heat Capacity) WagA1n1511Ausau (Thermal Conductivity) ez vila
ianansavsvenldinhiudalaiiussansamifnifuld Sesndufesndudsduulily
NMSNANTAN

EJﬂi;hEJEJ'NFLL!'WﬁEJLLU@Q%ﬁ@ﬁ’]ﬁuﬁQﬂ@@ﬂLLUUﬂJﬂﬁiSUWEJﬂ’J?u%j@uiﬂﬂa’lﬂ’lﬂﬂwuaﬂ
(vonungu IEC Fundn ONAN) azfinnsaniiandnuaiznismeninvesvesmandumndn
U ATunave ity azderaegnwneUsynsamnrsaamanuSeulundioudas s

ANMUNUANTDONIINS IMATBIVDIMAETADS U LARIT

1. mnusanisiva (Flow Speed)

[

a1u1sanlaannaunas Frictional Resistance #ail

_32xvx]xyxw

Ap ~w! (2.10)
Tnedi
P = AU
v = kinematic viscosity
1,d = §Avevie (MUY, usugudnana)
Y = specific weight
W - nudavesiiuluie
g - Snsusailosanusalifugasestan

wseannsadagulniladu
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Apxdxg 1
=——Ex- (2.11)
32xIxy v
wazdeulviegluguilaiduvesnnundaliiu
1

nanlagasueie nnddiudanuniindaioemila dnslravestiuasdeaaduiriniy

warUsgdnsnmnisaewmanuseuivzgaulime

2. Heat Exchange Factor
o v e\ [/ 4 s Yo 4y o
nskandsuauseutuanfievusenisiuiitvesunainkazdidy Feladedasin
Hrelun1susuussnuansuesununidnveswe el dslun dagldavisiuad (Reynolds

Number) lun1susnanemuen1siianad

(2.13)

Y

A 1 U1 d‘ 901 a v ‘:l‘ = ol ¥ a‘r-:l' %
wednnsonanliimiiufidaslvaiguazauniiadiazliavsluadiguasls
ANWLAIL
RE<2300 2ztdun1sluaiuy Laminar

RE > 2300 agtdunisinanuy Turbulent

= T ) v ! Y o Y ya 1
GZN‘Vnﬂﬂ']ilﬁaGU@QUWNULUULLUU Turbulent f\]zaﬂNai‘wmimEJW]mmiauﬁ]z‘Vl’ﬂmmﬂ

ASkaLUU Laminar
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N1999NUUULAZNITINADINITNAADY

3.1 miaanquqﬂmuquqmwgﬁﬁm%’umswﬂaauamumm

5UN 3.9 YamuAueumvldmIunTada R

npauAL U ldmIunsndeuatumalIziUinsoenwuuly 2 @ leun g0

9 9 Y

I YATVAADULALHAIUANAY

3.1.1 YALUAANAGAU

Yalgaanaaousanuuulagd1989910518991809 CEGRE 1394 HVDC Transformer
Insulation : Oil Conductivity [4] AA1NENEUEYITAaNABUIINDIIDNITNAGDUNITUN
Trifirvesawiumar Inegagadnadauninanlsznauniedianinsg 3 U (High-Voltage
Electrode, Measuring Electrode tiag Grounded Ring Electrode ) tagyanagau (Chamber)

F39v00nuUU 2 0@ (2D) way 3 97 (3D) Tneldlusunsu AutoCAD wag Fusion 360 mugisu




JUN 3.10 wuv 3 ffusznevdSavesynwadnadou

102.00:

97.80

60.00

R9.0

/R1.00

2500

/ \ 40 00

RZ'O(}I‘ 10,00

r3.00—1 - m / 15:00

R9.0

R3.0

A N

130.00

JUN 3.11 wuu 2 ffvesdianivn

(a)

v

Grounded Ring Electrode

Measuring Electrode

& T
v v

High-Voltage Electrode
(b)

JUN 3.12 wuu 3 ffvesdianinn
(@) wuuUsznavdsavesdianinga

(b) WUULAMISIAZLDEAVDIDLANINTA
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IS e |

(b)

U 3.13 wuu 3 HAvesyanedey (Chambern)

(a) wuulsznoudiiavevanadey (Chamber)
(b) wuuuamITIEaYIBERAvBIYANAdBU (Chamber)

a

3.1.2 AAIUANYUNNY

q 9 Y

ArmuAuamvnloantuulagalafiessuzdande (Clearance) vaslninusedugdly

91M1el wazihueenwuuiielililinn1siusnAtsenInagamuAtaaulikaslgaaNagey

UM 3.14 uuv 3 TAveedAIUANgUUNi
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3.2 WaN1591a84

a ¢

3.2.1 AM591ABIYANATIUALAISHUN 3 Hf (3D Printer)

a o o

NTADIYANADUMIENITAUN 3 3R FAYIVULTNOATIIABUANUMLNZAUVDIVUIAYA

waavageu lnediasdlilawadnasainvuiniiesnwasnageuieoniuulinsands

(a) (b)

JUN 3.15 vaueyN SRUNWUUTIR 09 YALRaNARRUAIBATOIUN 3 1A

o

(@) huvI@eIAnAaeY (Chamber)

(b) wuUIIaIdanInse

(@) (b)

JUT 3.16 wuudnaes 3 TAvesdianing

(a) wuuUsenavdsavedianingn

(b) WUULANISIEAZLDEATDIBLANTINTA
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(b)
5UN 3.17 wuudaes 3 NAvesyanadey (Chamber)
(@) wuvUsznaudnsavesynnaaay (Chamber)

(b) wuulAAIIEATIREAYRIYANAZBY (Chamber)

3.2.2 n1sdnaespnuATeaauslnih

FraunugungiignasnuuuTuiiosessunisvnassiisysuusafulseanm 0-40 kv &
useiuusasiulaifigs mnlifinisnsaaeunavosanuadsaauulylilnfigunsaleing 4
SovhmmeaeusnadssalfiAnauidemesegunsaiuazidudunsienasinisvaass way
lonsaasuemugndesiuniseeniuudidnlnsn fatumsdiaosanadonauulniide
FovinduiilansaadsusesUaonsiemsluiin (Clearance Distance) sewinagaiunugamgi
fugunsaiing q nelug wasfnwnaveseunaisnaulifiMiAndusswiedidningn

yhmsaessalasdounssiulnihnssuansadaud 0-40 kv Issugiildoenuuuly Tne
wamsshasseenidu 2 ndl fel

<

- ganadeunsaninsnagluauiueinie

- gavpdeuiidininsnagluauiuiiiu

A L3 a =2 o o a

Wernnluwadneaeuianuauuinsdvihnisdiassanuesuaauutnitlugliuy 2
15 luszuuiiianseanssuen (Cylindrical Coordinate) Ingldaunsaiitlavinn1sesnuuuly
Wate 3.1.1 uazldlusunsu Comsol Multiphysics Tunisinassanuiaisaaunlninluauiu

2INALAZALIUUTUARATUINNTIBLTIRUlNTNTIARNS o Felananisdnass asil



n1531a8saUAEadUY WA luauIueINIA

Kan13IaeIANUAsagud i luauIueINATNISEAULTIAUL O kV

0.4r

583.89
02r o o 1 W 563.76
54362
523.49
or 1 W 50336
483.22
463.09
-0.27 1 W 442.95
422 .82
o\ 402.68
0.4 o o 1 W 38255
362.42
34228
-0.67 1 #322.15
302.01

281.88
-0.8¢ 1 B 261.74
24161
221.48
-1t 1 £201.34
18121
161.07
127 1 £{140.94
12081
100.67
14 1 {8054
60.4

S
H

40.27
-1.61 1 20.13

-0.5 0 0.5 1 15 m

\ 583.89
. 563.76
114} S 1 W 54362
523.49
503.36
11.2¢ 1 W 48322
463.09
442 95
422,82
402.68
10.8} N 382.55
/ 362.42

342.28

10.6F { W322.15
302.01
281.88
104 1 M 261.74
241.61
221.48

B ™ 201.34

11p

181.21
10+ b 161.07
140.94
120.81
9.8 1 100.67
80.54
60.4
40.27

9.61
20.13

94 : : : : : : 0
15 2 25 3 35 m

(b)

U 3.10 wan1sdnassnnuasenawlniluauiteManseAuws iy 0 kv

(@ NN

(b) ANVEIBUSIIUBANINGA
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IINNNTINADINATTEAULTINUAILE 0-40 KV WU ANULASenauu iR inTu
Usngunsalnmelugfiseiuussiusng q Sruansediutesinn (liduddey) dsguin 3.11
WiguiiguanueienaudlninfseAunssiu 10 kV uag 40 kV 1nfina1iunanednvinds

o w

aulanavesnnuasgaauulniiusnudidninsadudfy

0.4 04
583.89
02 o o 02 C e 56376
e o 543.62
i | b 523,49
0 0 ‘ 503.38

483.22
463.09

0.2 -0.2 442.95
42282
402.68
382.55
362,42
342.28
32215
302.01
281.88
261.74
241,61
221.48
201.34
18121
161.07
140.94
12081
100.67

-0.4 -0.4

06 06

-0.8 -0.8

-12 B

60.4
4027
16 £ £ — 16 2013

sUT 3.11 ns3naesanuiasgaauuliiiluawiuenie
(a) Msuusasiu 0 kv

(b) AszfuLsesu 40 kv

Nan1saNansANAsenaunininluauIue N ARsEAULSIAU 10 KV

cm F \\ . T T T ] o
116} 1
\ 583.89
563.76
11.4} W 1 Ws4262
523.49
503.36
11.2¢ 1 W 48322
463.08
442,95
422,82
402.68
10.8} K 382.55
L / 362.42
342.28
10.6F 1 M 32215
302.01
281.88
10.4¢ 1 M 261.74
241,61
221.48
10.2 201.34
181.21
10f 1 Fl161.07
140.94

11r

120.81
9.8 ] 100.67
80.54
60.4

40.27
20.13

94 : : : : : : 0
15 2 25 3 35 cm

JU# 3.12 msdnaasanuasenawidliiluauiueiniafissauusasiu 10 kv

9.6




nan13IIaeIANUAsEaauN i luaLINeINATISEAULSIAU 20 KV

cm I T T T T ™ o

1161
583.89

563.76
114 { MW 54362
523.49
503.36
11.2¢ 1 W 483.22
463.09
442.95
422.82
402.68
10.8+ 1 382.55
j 362.42
342.28
10.6F {1 M 322.15
302.01
281.88
10.4¢ 1 B 26174
241.61
221.48
102 201.34
181.21
10t { £1161.07
140.94
120.81
9.8 1 100.67
80.54
60.4
40.27
20.13
0

11r

‘('

9.6

9.4

115 2I 2;5 é 3;5 Icm
JUN 3.13 nsTnaesanuasgnawnliviluauiweInmaisyauws iy 20 kv

Nan1saNasePnuAseaaud i luauIue N AR TAULSIAL 30 KV

cm [ \ T T T T ] o
11.6f g
\ 583.89
. 563.76
11.4f { MW 54362
523.49
503.36
483.22
463.09
442.95
422.82
402.68
382.55
362.42
342.28
322.15
302.01
281.88
261.74
241.61
221.48
201.34
181.21
161.07
140.94
120.81
100.67
80.54
60.4
4027
20.13
0

11.2¢

10.6

10.4r

10.2¢

10r

9.8

9.6

9.4

15 2 25 3 35 cm

JUN 3.14 n1531aesanuasenawt b luawIue N AfIsya ULl 30 kV
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nan1sIIaeIAUAsEaauN i luauINeINATISEAULSIAU 40 KV

cm

1161
583.89

563.76
543.62
523.49
503.36
483.22
463.09
442.95
422.82
402.68
382.55
362.42
34228
322.15
302.01
281.88
261.74
241.61
221.48
201.34
181.21
161.07
140.94
120.81
100.67
80.54
60.4
40.27
20.13
0

11.2¢

11r

10.81

10.6

10.4¢

10.2¢

10r

9.8

9.6

9.4

115 2I 2;5 é 3;5 Icm
5UN 3.15 n33taesnnuasgnawId i luatiueInAfsy ULl 40 kv

n1531a89R213As8aau AN TuauuLny

Nan1sIaIALAsenauu i UL TUNTE AULTIAU 0 KV

583.89
563.76
543.62
523.49
503.36
483.22
463.09
114 | W 44295
422.82
402.68
10.8+ g 382.55
362.42
342.28
10.6f { M 322.15
302.01
281.88
1047 1 B 261.74
241.61
221.48
10.2¢ 1 F4201.34
181.21
161.07
140.94
120.81
100.67
80.54
60.4
9.6l 1 F140.27
20.13
0

10

9.8F

15 2 25 3 35 4 cm
JUN 3.16 N1331aesanuasenawId i luawIutiunsedulsaiu 0 kv



NaN133NanIAUAsenau i luRuIuTuRsEAULSIAY 10 KV

cm T T T T T o

1161

583.89
563.76
543.62
523.49
503.36
483.22
463.09
11} i 442.95
422.82
402.68
10.8t 1 M 38255
/ 362.42
342.28
10.6f 1 M 322.15
302.01
281.88
10.4¢ 1 261.74
241.61
221.48
10.2r 1 20134
181.21
161.07
140.94
120.81
100.67
80.54
60.4
96" 1 40.27
20.13
0

11.4r

10r

9.8F

15 2 25 3 35 4 cm
5UN 3.17 nMsanaesanuasenaud i luauiudiiunseaunsey 10 kv

NanN1sa1a9R LA EaauL WA luawININTURSEAURTIAW 20 KV

cm T T T T T )

583.89
563.76
543.62
523.49
503.36
483.22
463.09
11} | W 44295
422.82
402.68

10.8f { W 38255
L 4 362.42
—= 342.28
10.6F {1 ®322.15
302.01
281.88
10.47 1 B 261.74
241.61
221.48
10.2¢ 1 20134
181.21
161.07
140.94
120.81
100.67
80.54
60.4
9.6 i 40.27
20.13
0

10r

9.8r

1.5 2 25 3 35 4 cm

JUN 3.18 n1531aesanuAsenawt i luawiudiunsedulsaiu 20 kv
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NaN153NanIAULAsenaU N TuRuIuTuRsEAULSIAY 30 KV

cm

1161

583.89
563.76
543.62
523.49
503.36
483.22
463.09
44295
422.82
402.68
382.55
362.42
342.28
322.15
302.01
281.88
261.74
241.61
221.48
201.34
181.21
161.07
140.94
120.81
100.67
80.54
60.4
9.6F ] 40.27
20.13
0

11.4r

10.81

10r

9.8F

15 2 25 3 35 4 cm
5UN 3.19 nMsdnaesanuasenaud liiluaiiudiunseAulsny 30 kv

Nan1sa1asernuAseaauu i luauIINTUNSEAULITIRY 40 KV

cm T T T T T o

583.89
563.76
543.62
523.49
503.36
483.22
463.09
44295
422.82
402.68
382.55
362.42
342.28
322.15
302.01
281.88
261.74
24161
221.48
201.34
181.21
161.07
140.94
120.81
100.67
80.54
60.4
9.6 1 40.27
20.13
0

1.5 2 25 3 35 4 cm

JUN 3.20 n1531aesanuAsenawt i luawiudiunsedulsaiu 40 kv
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A19199 3.1 wansiassandeseaaud i luauiue N ALarauILLNTY

sEAULTIAY (kV)

AaaganuaseadunliriuTaudidninga (kV/cm)

AUIUBDINA amuﬁﬁﬁu
0 0 0
10 109.264 109.244
20 218.527 218.488
30 327.791 327.731
40 437.054 436.975

3.2.3 N1531889N15NZA1AN5DU

lunmegeuauIuil 914899 1UNINTFIU ASTM D1169 3zfpaiinisaiuaug gl

vosauIuniu (Ussana 90 esrnigaidea) Jamuanaamgiinnisesniuulianunsaysy

gaunillanausonmaiivies Ui 350 SR YALTUANETOITUNITNAABURY 9

NsINaeINIINTEMEANNToLRITAIN LI AnYIN1INTERIEALTaNIING IR

1 ! o < ! o &
wargUnsaline 9 tnewdinisdnaeadu 2 ddu dadl

3.2.3.1 mMsdassnsnszateausaulueinid

(%

o 14 A a o a v !
Naﬂ'ﬁ‘ma@ﬂﬂ’ﬁﬂi%%’]EJﬁ?quiﬁ)uhlu@’lﬂ']ﬂVlQiMWQlI‘VN‘V?SJ@I 5 RIRYZAE laun 50, 100,

150, 200, 250 way 300 aerLYaLTyd

mim T

1100

1000

900 T, = 200 °C
800~
700+
600 -
500
400 -
300 T =48 min
200+

100+

T.=50°C, L

300
280
1 260
240
220
1 200
180
{160
1 4140
{120
1 4100
{80
160
1 1140
{20
Lo

|
-200

0
5UN 3.21 MsPaen1snseaeanuseuluNangumgil 50 asrwaigya

| |
200 400

|
600

mim



mm T T T T T T
1100} 1
1000} 1 300
280
900 - Tp = 260 °C ] 4 260
200l | 240
220
FJO0 . 200
1180
600 | 1 H 160
500 T, =100 °C, { (7140
: 1120
400t =1 h 48 min|( 1 11100
3 ]
300F | t{80
160
200F 1 [1ao
120
100} {4
| 1 1 | | 1 . 0
200 0 200 400 600 % §
5UN 3.22 n1sdnaesnisnszatganuseulueniangaumgil 100 efwaided
mim T T T T T T
1100 .
1000 | | 300
280
goo} v =280°CH] . 260
800l | 240
220
700+ . 200
1180
600 | 1 H 160
500F T.=150°C, & 1 t{140
=] 1120
400 F t=3h 1 {100
300+ | t{80
160
200+ . {140
{20
100+ SN
| 1 | | 1 | — O
200 0 200 400 600 mm

sUn
Y

3.33 N39aeIMIINIEINeAUTeulu N ANiaMmMN 150 BemiealTyd
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mim

1100

1000

900

800

700

600

500

400

300

200

100

Ty, =295 °C

Te = 200 °C,
t=4h

-200

0

200

400

600

mm

300
280
260
240
220
200
180

1 160
1140
1120
1100
180
160
1 40
120
1o

5UT 3.34 n1sdnaeenisnszatganuseulueniangamvgi 200 edfwaided

mim

1100

1000

900~

800

700

600

500

400

300

200

100

T= 300 °C

T. = 250 °C,
t=5h 36 min

-200

0
5UN 3.35 MmsiaeinsnIzateaueulueInAiaamall 250 aemiealded

|
200

1
400

1
600

mim

300
280
260
240
220
200
180

1160
1140
1120
1100
180
160
140
120
1o
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mim T T T T T T
1100 .
1000} | 300
280
900 T, = 300 °C 1 B 260
800 i 240
220
700 - 200
1180
600} 1 160
500+ { 1140
Te = 300 °C, 1120
400 - - 1100
t =9 h 48 min ]

300 | t{s0

160

2001 - {1 40

120

100 . 1
| | 1 | 1 l - 0
-200 0 200 400 600 mm

JUN 336 n1sdnaeen1snsyateauseuluenAngaumgil 300 asriwaIded

3.2.3.2 N159a99n15nsEa18AusauluauIUaITLAAY 9

[ 14 = . .
NN331a89n15n5218ANSauTuauIUa2TEN Mineral Oil

(%
a o

HAN1531a09N13NTEateRusorluauIa Mineral Oil igaungll visvun 5 gaungll
TauwA 50, 100, 150, 200, 250 way 300 I wALTYE

T
“\

%00r Ty =170°C [

mm
1100}
300

1000} 280

-

260

240

800 220

700! 200

180

6001 160

500l 140

T.=50°C, O 120
4001 100
t =36 min 80
300¢

60
200} 40
20

100} 1

. . . . ;i . — 0
-200 0 200 400 600 800 mm

5UN 3.37 MsTaeen1snszangausenluaniu Mineral Oil igaumail 50 asriwaigya



mm

1100+

1000+

9200+

800+

700+

600+

500+

4001

300r

200r

100-

U7 3.38

mm
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Abstract

The purpose of this thesis is to design and assembly the electrical test
cellforliquid insulators. There are several methods and testkits available
for insulation testing in high-voltage equipment such as dielectric

breakdown testing, etc., Despite that, but many methods are unable to

control the Test ture where the e is one of the factors

affecting the degradation of the insulation. Therefore, this thesis
discusses the design of test equipment capable of controlling temperature
and supplying high-voltage electricity based on the simulation results of

electric field stress and heat transfer inside the oven.
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Test Chamber Designed with Temperature Control
for Partial Discharge and Polarization and
Depolarization Current Testing
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Abstract—This paper presents the temperature-controlled
test chamber for Partial Discharge and Polarization and
Depolarization Current test of dielectric liquid including
impregnated pressboards with the various conditions. Besides,
the temperature of the test specimen is controlled between room
temperature to 300°C. The temperature distribution in the test
chamber was simulated. Besides, the electric field stress at the
electrodes were simulated. Furthermore, different kinds of
sensors such as a thel'mocouple, gas Sensors, and so on were
designed to be equipped within the test chamber. From the
simulated result, both electric field stress and temperature
distribution were in the given conditions.

Keywords—mineral oil, ester, partial discharge, polarization
and depolarization current, electrical field stress, heat dissipation

1. ' INTRODUCTION

Two types of insulation that commonly used in
transformers are solid insulations such as the pressboards and
papers. Different kinds of liquid insulations are used in the
transformers such as mineral oil, natural ester, synthetic ester
and silicone oil. The insulation condition is needed to be
assessed and maintained for staying good performance and
safety. For example, the pressboard needs to be measured the
conductivity, and the mineral oil needs to be assessed the
Partial Discharge (PD) and the Breakdown Voltage (BD). For
the research works, most insulation condition testing have
been performed in the test chamber. This paper proposed the
test chamber designed for insulation testing under different
electric field stress. Moreover, the electric field stress in
combined with a given temperature controlled.

II. THEORY

A. Partial Discharge Testing and

Pressboards

Partial discharage (PD) is an important topic for assessing
the quality of the power transformer according to IEC 60076-
3 [1]. The PD measurement test, Moreover, partial discharge
inception voltage (PDIV) testing can be aslo performed with
each type of the insulation. For liquid insulation, the needle-
sphere electrode is used to investigate PDIV of the insulating
liquid whereas plane - plane electrodes or rod - plane
electrodes can be used to investigated the PDIV and/or PD of
the liquid impragnated pressboards. Fig. 1 shows the simple
test circuit for PDIV experiment.

of Mineral Oil

978-1-7281-5931-7/20/$31.00 ©2020 IEEE
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Fig. 1. PDIV Testing circuit.

B. Polarization and Depolarization Current Method

Polarization and  depolarization  current (PDC)
measurement is one of the non-destructive testing method
applied for diagnostic testing of the transformer insulation.
When a DC voltage of V. is applied across the insulation
specimen for a period of t, and the resulting current iy
(polarization current) is measured. Then, the specimen is
short circuited for a period of tg after the applied voltage is
removed (f, is regulary equal to ts) and the current i
(depolarization current) is also measured. Fig. 2 below
illustrates the PDC test diagram.

-

Fig. 2. PDC measurement circuit and principle of polarization and
depolarization current measurement [2].

C. The Relation between Temperature and PDC

The increasing oil temperature inside the transformer
causes the increase in the polarization and depolarization
current due to the rise of free electron energy inside the
insulating material by temperature. Therefore, the free
electrons with rising energy can move freely under the
electric field much easier, resulting in conductivity current or
polarization current increases.
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D. The Relation between Temperature and PDIV B. The Temperature Controlled Chamber

The PDIV of the insulation liquid decreased when the The temperature controllable chamber ws designed by
liquid temperature inside the transformer increase, as aresult ~ which the consideration of the clearance distance of the high
of the easier of electron generation and the higher probability ~ voltage and other parts was needed to be considered to
of electron collision. Fig. 3 below shows the example of PD  prevent the flashover between the temperature controller and
and breakdown voltage of the insulating liquid with various ~ the wall of the test chamber. In this paper, the appropriate
temperatures. dimensions of the chamber for PDIV test and PDC test are

studied as shown in Fig. 6.

30 120
T T B — T
—®— PDInception Voltage
g3 108 o Gropnd Jead -———
< 2
& E
5 26 |96 =
£
S S
z >
=
§ 2. (82 &
= » H Test cell ——
g ]
]
o 224 72 &
e ™ /
20 T T T T T 60
20 40 60 80 100 120
Temperature (°C)

Fig. 3. PDIV under different temperatures [3].

III. EXPERIMENTAL DETAILS

To design the test chamber for insulation testing under
different electric field stress with a given temperature
controlled, the design procedure is divided into two sections,
the test cell and the temperature controllable chamber.

A. The Test Cell

There are two types of electrode used in the test cell. The
needle - plane electrodes were designed for PDIV test with
the 10 wm, 20 ym and 40 pm  tip radius needles and 75 mm
diameter of the plane electrode. For PDC measurement of the
insulating liquid, the electrode was designed according to [4].

Figures below represent the needle - plane electrodes for
PDIV testing and plane - plane electrodes for PDC testing.

z00m

20 mm

130 mm

Fig. 4. Electrodes for PDIV test.

1 97.8 mm |

Fig. 6. The temp ollable chambera) test chamber di 1 b)
Fig. 5. Electrode for PDC test. designed test chamber, c) test cell with PDIV test electrode and d) test cell
with PDC electrode.
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IV. EXPERIMENTAL RESULTS

The simulation results is divided to 2 parts, the electrical
field stress and the heat dissipation.

A. Electrical Field Stress Simulation

The simulation results of electric field stress with 4
internal dimensions of chamber and the specified electrodes
were as follows.

1) PDIV test electrodes
Examples of of the electric field stress at the needle tip
with a 100 volt application where the chamber dimension is
100x100x100 cm?.
kV/em

Enex=30.4297 | Enux=169293 | Emm=94411 | ..
@ ®) (e o

Fig. 7. Electric field stress at the needle tip— plane electrode in the chamber
with the dimension of 100x100x100 cnr’.

(a) 10 pm tip radius needle

(b) 20 pm tip radius needle

(c) 40 pm tip radius needle

2) PDC test electrodes

Electric field stress at the PDC test electrode with a 100
volt application where the chamber dimension is
100x100x100 cm>.

Ye

Fig. 8. Electric field stress at the PDIV test electrodes in the chamber with
the dimension of 100x100x100 cm’.

Table 1 below shows the electric field stress of the
specified electrodes installed within the 4 different chamber
dimensios.

Authorized licensed use limited to: King Mongkuts Institute of Technology Ladkrabang provided by UniNet. Downloaded on May 22,2021 at 07:41:19 UTC from IEEE Xplore. Restrictions apply.

TABLE I THE MAXIMUM ELECTRIC FIELD STRESS (Eysx) AT THE TIP OF
PDIV TEST ELECTRODES OR THE EDGE OF THE PDC TEST ELECTRODES
WITH VARIOUS CHAMBER DIMENSIONS

Chamber Maximum Electrical Field Stress (Epas) (KV/cm)

Dimension

(D*D*D) PDIV (100 V) PDC

(cm®) 10 pm 20 pm 20 pm 0kY)

D =80 305 17.0 95 66.7
D=100 304 169 94 66.7
D=120 304 169 94 66.7
D=140 304 16.9 94 66.7

B. Heat Dissipation Simulation

The simulation results of heat dissipation inside the
Chamber at different temperatures, where the Chamber
dimension is 100 X 100 X 100 cm?. Heat dissipation inside
the chamber at the given temperatures after applying heat
source at initial temperature 200 °C are demonstrated in

Fig. 9.
ig o

T=30.27°C

<+———— —T=165.68°C

(b)
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°c [4] CIGRE A2/D1.41, “HVDC Transformer Insulation:Oil Conductivity,”
250 CIGRE Report, pp. 88-90, 2016
[5] M. Krins, H. Borsi, and E. Gockenbach,“Influence of Carbon Particles
200 on the Breakd and Partial Disct ption Voltage of Aged
! Mineral Based Transformer oil,” International Conference on
150 Dielectric Materials Measurements &Applications, University of
Hannover, Germany, September 1996.
100 [6] N.F Kasti M. A M Piah A A Suleiman, N. A. M. Jamail, N. Bashir
and N. A. Muhamad, ‘“Design of HV Switching for Polarization &
50 Depolarization Current Measurement,” 2013 IEEE 7" International
Power Engineering and Optimization Conference (PEOCO),
0 Langkawi, Malaysia, June 2013.
T =196.10°C

Fig.9. Heat dissipation inside the chamber at initial temperature 200 °C
(a) Heat dissipation at 1 mmute (T = 30.27 °C)
(b) Heat dissipation at 15 minutes (T = 165.68 °C)
(c) Heat dissipation at the equilibrium state 36 minutes
(T =196.10°C)

TABLEII. HEAT DISSIPATION INSIDE THE CHAMBER WITH DIFFERENT
INITIAL TEMPERATURE AND EQUILIBRIUM TIME

Initial | Temperature at ce!ner of Period to
test electrode in ilibri
Temperature o X equilibrium state
equilibrium state
O 0 (minutes)
TT21007 0 Toasgil b, | a0t
T=150 147.12 i 38
T; =200 196.10 36
(om0 [ 7000 29400 O\ I 38
CONCLUSION

From the simulation test results, the designed test chamber
(100x100%100 cm®) with temperature control for Partial
Discharge and Polarization and Depolarization Current
testing provide the theoretical electric field stress. Moreover,
the time to approach equilibrium state of the given
temperatures for the experiment is acceptable.
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Abstract—This research presents the study and analysis of
faults in the oil-immersed transformer. Abnormalities can be
analyzed from the Dissolved Gas Analysis (DGA) test. The oil
has a variety of compounds such as hydrocarbons, oxygen,
nitrogen and hydrogen. The amount of gas in oil has distinctive
characteristics that can indicate abnormalities in different
types. This program is developed based on according to
standard IEEE Std CS57.104TM - 2019. This program is
designed to detect for defects in oil-immersed transformers by
using artificial neural networks (Artificial Neural Network:
ANN). The program using MATLAB programs is prepared for
maintenance planning and supports applications from basic
learning to industrial sector.

Keywords—DGA, Neural network, Matiab, GUI, Roger ratio,
Doernenburg ratio, Duval Triangle and App designers.

I. INTRODUCTION

At present, oil plays an important role in the oil insulating
transformer system. Transformers oil are used as insulation
and cooling in high voltage systems, which can prevent short-
circuits of oil immersed transformers. The quality of oil is an
important factor that is used to analyze and evaluate the
performance of transformers using DGA Status monitoring
program initially and using 3 test procedures, Roger ratio,
Doernenburg ratio and Duval Triangle, to analyze abnormal
results that may occur such as Local heating in oil, Partial
discharges, and Arcing.

The program is designed to analyze oil immersed
problems transformer using Matlab programs using the
Artificial Neural Network (ANN), which is a branch of
Artificial Intelligence (AI) that uses system simulations of the
human brain. This program uses the conversion function
(Transfer Function) to find the relationship between the input
data processed into output.

978-1-7281-5931-7/20/$31.00 ©2020 IEEE

Kiattisak Vongphanich
Electrical Engineering Dept.,
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II. ANALYSIS OF OIL TRANSFORMER

A. Process for Analyzing Transformers Faults
1) DGA Status method is determined Dby the

concentration ratio of oxygen and nitrogen, divided into 3
conditions.

a) DGA Status 1 ave considered as probably normal

b) DGA Status 2 are considered as possibly suspicious
and warrant additional investigation.

¢) DGA Status3 are considered as probably suspicious,
the transformer should be placed under increased surveillance
and additional transformer testing is recommended.

DGA Start-Up Program Completed
and Routine DGA Program Started

DGA
Performed

All Gases < Table 1 DGR Status 1
Continue Routine DGA and Normal
ransformer Operation

All Dettas < Table 3

DGA Status 2
Increased Transformer Surveillance
And DGA Frequency

DGA Status 3
Perform Fault Identification and
Transformer assessment
Take appropriate Action based on
Transformer assessment results
and company policy

Fig. 1. DGA interpretation flow chart.

2) Doernenburg ratios method isapplied for the proposed
program.

Authorized licensed use limited to: King Mongkuts Institute of Technology Ladkrabang provided by UniNet. Downloaded on May 22,2021 at 07:41:41 UTC from IEEE Xplore. Restrictions apply.




60

The 8th International Conf on Condition Monitoring and Di: is (CMD 2020)

g

Analyze according to Fig. 1. and Table I shows the B. Principles of Operation of Artificial Neural Networks

limit concentrations of dissolved gas. o
8 The artificial neural network has the same structure and

processing as the brain of human which adapts to the response
of information entered with the rules of learning. The

TABLE I. CONCENTRATIONS OF DISSOLVED GAS

Key Gas C"“‘"‘:‘:“"“‘ artificial neural network consists of 5 components: input,
0 (pll(),o) output, weights, summation function and transfer functions
ggﬂ 152: C. App Designer
gzi 315 App Designer is a web application in MATLAB that
éo 350 allows users to create applications on their own. Users can

drag and drop application components with the GUI design
and can share users' applications using Matlab Drive or

NO FaULT

oo creating a standalone desktop or with web apps of Matlab
.;»{i%l:: compiler.
Ru=CH/H, D. GUI (Graphic User Interface)

R2 = C,H,/CH,
R3 = CH/CH,

GUI is a user interface using symbols. It is the design of

a computer program to interact with users by using Icon,

pounane images and other symbols. To represent the various features
of the program, allowing users to easily work and faster.

DiscHARGE

DischaRGE

III. SOFTWARE STRUCTURE

FAULT NOT
1DENPIABLE

YY) Figure below shows the flow chart of the proposed
88 software.

Fig. 2. Doemenburg ratios method flow chart.

3) Roger ratios method is who used to detect the problem
b e L] et T L] [~ =T [T
L2

Ras
K2 % C 0, /CH,
W8 = CHL/CH,

e aaAL RS C,Hy/CH,

‘Algasses< Table 1
And

DGAStatus 1

Al Delta <Table 3

DGAStatus2

Al gasses > Table 2

Fig. 3. Roger ratios method flow chart. -
DGA Status 3
4) Duval Triangle method i ¥ 3
Duval triangle uses three gases corresponding to the increasing J ’ Doernenburg ratios l ‘ l
Roger ratio method Duval triangle

energy content or temperature of faults: methane (CH), ethylene method
(C.H.,) and acetylene (C;H.). On each side of the triangle are plotted
the relative percentages of these three gases.

Show 3 Resultshow Duval
triangle diagram

Fig. 5. Procedure for checking gas by ratio and analyzing gas values
Fig. 4. Duval Triangle method. according to the table.
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IV. TRAINING PROCEDURES

Training procedures are divided into three steps as
following.

Step 1: Take the Dissolved gas analysis (DGA) results
from the annual inspection of the working conditions of the
transformers from the company's policy. The data are then
organized within the Workspace software matlab.

Step 2: Enable the Neural Fitting (nftool) function via the
nnstart command. Select the organized data to determine the
input and the target of the network and select the amount of
data used in the Train Network. These data will be divided into
3 data sets such as Training, Validation and Test. For the
Neural Network to create this information 70%, 15% and 15%
respectively and select hidden layers for neuron as 100 layers.

Choose Bayesian Regularization training which can
reduce the problem of overfit of the data set and suitable for
the nature of the data that has a small amount of output.Take
the data from those trainings to check the results through
Regression to see if the trainings of this set of data are
effective enough to continue to use. If the value is close to 1,
then it is considered effective at an acceptable level.

Step 3: After getting the information from the train, both
are sufficiently effective. Recording Network can be used to
write programs to run in a Flowchart on.
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Fig. 6. Roger ratio training
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Fig. 7. Doemenburg ratio training.
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V. ACCURACY TESTING OF TESTING OF PROGRAM FOR
TESTING THE FAULTS OF OIL-INSULATED TRANSFORMER BY
ANALYZING THE COMPOUND VALUES OCCURING IN THE OIL

TABLE II. SHOWS THE EFFICIENCY OF EACH DGA INTERPRETATION
METHOD APPLIED IN THE PROPOSED TECHNIQUE

Analysis Fault ‘Website | Program | Accuracy

Thermal

Decomposition 3 9 9

Corona (Low
intensity PD)

Doemenburg
Ratios
Method

Arcing (high
intensity PD)

100

Normal

)
px)
<

63

Undefine

0
w

625

Low energy
density arcing

PD

Arcing - High

energy 2 2 100
Roger Ratios discharge
Method

Low
temperature
thermal

[}

100

5]

Thermal < 700 -

Thermal > 700 9 44 44

Unit nommal 17 47.05

A FS

Undefine 14 3571

Partial
Discharge 9 3
(PD)

55.55

Discharges of
low energy or
partial
discharges of
sparking type
(D1)

Discharge of
high energy
®2)
Thermal fault
t<300 C (T1)

8}
%}

100
Duval
Triangles

Thermal fault
300 C<t< 3 3 100
700 C (T2)

Thermal fault
700 C (T3)

Mix of
thermal
and Electrical
faults (DT)

(%}
=)

100
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VI. DGA ANALYST PROGRAM AND RESULT highest accuracy percentage of 85%, followed by
Doernenburg ratio method with accuracy percentage at
58.97%. The method with the lowest percentage accuracy is
Roger ratio method with the accuracy at 52.27%.

However, due to the limited amount of data used in the

= oo = B

|General Information & £

[Phee | test, the test results may be inaccurate, causing the percentage

Locaton S It il Ao of accuracy to be lower than it should be.
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Fig. 9. Component Gas.

Fig. 10. Result.

VII. SUMMARY

This research designed and developed a program for
analyzing the faults of oil-insulated transformers, with a
focus on the increasing gas content in the oil which applying
artificial neural network to MATLAB program that was
analyzed by using DGA results to train the program in the
ratio analysis Roger and Doernenburg ratio. By using the test
data of transformers from a private company to test the
created program also test the accuracy with an acceptable
program with the standards IEEE C57.104 and IEC 60599 to
support.

From the accuracy test of the transformer fault testing
program, it is found that Duval Triangle method has the
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