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Thesis Title Fuzzy Logic Application for Condition Assessment in 33 kV

Distribution Transformer of Provincial Electricity Authority

Author Petty Officer First Class Kittisak Chaisuwan
Major Program Electrical Engineering
Academic Year 2022

ABSTRACT

The objective of this research was to condition assess 33 kV distribution
transformers by Health Index using fuzzy logic analytical decision-making methods. The
data for the assessment of transformer condition consisted of 5 factors: oil quality;
aging; visual inspection; winding insulation; and load from the results of maintenance
each year. The 180 samples are divided into 150 samples for training and 30 samples
for testing, which are divided into 4 groups: group 1 is a transformer in good condition;
group 2 is a transformer in acceptable condition; group 3 is a transformer in poor
condition; and group 4 is a transformer in very poor condition. The design uses the
triangular, the square, and the trapezoid membership function for the each factors and
the transformer condition level. The weighting of the 5 factors was determined using
an artificial neural network (ANN) method based on the fuzzy logic decision output
values for each of 150 samples (Train) to calculate the health index and the
transformer condition level. The results of testing transformer condition assessment
system from the data of 30 test transformers were sent into the designed assessment
system. Then compare the condition level values assessed by the system with the
actual transformer conditions. It was found that out of 30 samples, the condition could
be assessed according to the actual transformer condition of 25 samples, and there
were 5 samples of errors, representing an accuracy of 83.33%. The maintenance
planning in sequence before-after can be considered at the condition group level from

very poor, poor, acceptable, and good, respectively.

Keyword : Transformer, Distribution, Fuzzy Logic, Condition Assessment
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Duasmsusefiuanmmseuasiniindaenisdraiminanuddy
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UnmIU [6] A Novel Fuzzy Based Technique For Transformer
Health Index Computation
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UNAIU [8] Power Transformer Fault Diagnosis using Fuzzy Logic
Technique Based on Dissolved Gas Analysis
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ihsunsioudasiiilh Fansazansvesineluiiundeuadluiinduisnmsitedunudigm
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UnA3I1d [9] Converting data into knowledge for preventing
failures in power transformers
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UNAIU [10] Prognostics Health Management (PHM) System for
Power Transformer Using Kernel Extreme Learning Machine (K-ELM)

lauauessuuyiTuIegunIn (Prognostics Health Management :
PHM) #1915 undlaudaslinil1n1aslnels Kernel Extreme Learning Machine (K-ELM)
ilonsavaeuAIMUMULAzUsEAVS A e svseuladliiiniings annslddideavaiunis
finrsananmuasvsiondasdinii Fediyadauusduna 2 4 4adl 1 (set-1) Tdun Y3aa
aadunsaviavan nsaats wsadul dadensnszarefedanliléiazasld uay 2-
furfuraldehyde Tinadwsvaaszuy PHM iWunnizguain wuadu n1azd Urunans wazlid
yaduUsBunedl 2 (set-2) WU3mani1 arndunse wssduimans Jadenmanszane way
mufsvesdusousranududuyBunn Inadndvesszuu PHM Usznaudisdussian
Ao @ Und Urunans wazldd lnen1siuSeuiisusdwuuannnisyin machine leaning 4
JUUY laun support vector machine (SVM), least-square support vector machine (LS-
SVM), extreme learning machine (ELM) wae Kernel Extreme Learning Machine (K-ELM)
fdaldinduismsdmnaiiaunasdunsduunteya mndununsioudasilinaaey
F1uan 30 1A309 (30% test) TiiiMsszyNaNvBIRToyanTe class 1iudn lenarmugndes

AUNINUTENBY  1-6 Wag 1-7
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NAINUTENBY 1-6 hag 1-7 n13duundseansaimvemdeuta
Influuy Kemel extreme learing machine (K-ELM) aglviAnadugndadiazalnuusiug
11NN71 SVM, LS-SVM uag ELM visiladenisnadeuvasia set 1 fuwonteyavesanmidu
3 Uszam wag set 2 iusndeyavosaninidu 4 Uszian saudeiinisléinalunis training
/a1 @9 Extreme learning machine (ELM) 1Juigldndnnislasadrausyamifiounuy
feed-forward Tasnnsduganuduiusszninmateyadunauaziowing 1unswamile
uAlatlanuedds Artificial neural network (ANN) TuiFesvassezinaimiaiiend Tun1saue

Tudunaunisinausungasldszaziiatuu ol lae 1N danunsueg ¥119935 Extreme
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learning machine (ELM) fiA31153a15211An31 wA35 Extreme learning machine (ELM) €
NUUDLASTUNITANNUAAITAR UTLAING DILTID NARBILALAITUBRANATA (Trial and error

! A

method) uay A1 bias a¢l3n1squidon WeudletymiTslédimataudsaduszam
IuLaLaai‘%gﬂLmuﬁﬁwﬁﬁ%’umaiua Kernel extreme learning machine (K-ELM) il
Anenufangunagiadosnimanniu
UnNAi3I1d [12] Harmonic PMU and Fuzzy Logic for Online
Detection of Short-Circuited Turns in Transformers
Iodnauensnmaiunsanasnisluvaainvesmiisuadlniiiuuy
poulau Ingle8 harmonic PMU (phasor measurement unit) LLaW'iﬁﬂzﬂquLﬂ% (fuzzy
logic) Ms3fadueeulatfinnuddyesidaiisliauisansiaaeunisiauresssuuliih
¥nasanan Wedeold uardsendalaenanidesnuidsmenaznisvgayinnuyesgunsol
unanuldinaueisnslmidmiunsidadedeianarnasluniowvasiniii Tnevialy
Jolauanmuaan1tzAulaundnuaUnasuveInusi1ensena (differential current
spectrum) hagszuul ¥daodn (fuzzy logic) @1nsun1sUszuraiaunnsy phasor
measurement unit (PMU) gnag18tdu harmonic PMU @ suanlsisioazidoaveavuia
(magnitude) Laz#iAn1e (phasor) @ nsudyIunsRulaznIzild 155sUuNedandn (fuzzy
logic) axTiasvian nvesnsieutadliiiuvudeideazeoulatl Tugiueiiduisnnsi
vhiauegatiuluiinidededeianaineeulaussansamlaiunmaaeunigldnisiany
Aunneneiu Malinsgdanmanuiauniamnsanildananuuandiduiagiuues
Phasor Tlmngzanszninaunmelgugiitazunainnisgivesmsoutadlniii iy msdraes
wanswadnsHausensludnaud 1 897 mmmme;msuaqﬂizLLaﬁﬁmeﬁLﬂuﬂ%LLiﬂaﬁ
913ludindt 5 uay 7 Tuualufidaau ililiefidudmnuguussvesteunnses (1 fs 5%)
UunmAi3rd [16] The New Developed Health Index for Power
Transformer Condition Assessment
giauedadgunmiiauulnidmiundsnunsUssduanin
wifoudadlaliirdnisaueisfedquamiiiautuln lnen1ssunanisvaaeusiag Lo
Usziiuanmuessiouashiin anniaTesilenisadd SPSS S1uu 87 nqusiegna Tinse
Tayan1snaaauveiauUatiiiy waganuduiussenineladouasmnsiinessing q uaz

ISR ! = I v oA v o v
ﬂ’]iﬂJﬁ'JUTJiJSU@\‘mﬂw’lﬂ’]WUUETUJWWI@I‘EJTJ@J?\]Wﬂﬂ"ﬂﬁ]ﬂ"ﬂ?ﬂ'}u 12 U3y sunndsznou 1-8



11

@ fer
s N
@@:‘l> Resistivity 4 0.68

AMNUsEnau 1-8 AAnuduusLAartaduveInsUseliuan mvsawlad [16]

MnamUsEne 1-8 C4 fimarmduiusesuiiaunmunniian ogd
S¥dU 0.60 84 Ca flinisneaaun1sUsUuvesn wazn1svagey Furfural iuaudusiug
Bauan wazAnsnaaeumanuduauwesisumsieulasini Wueudiudiay 3
mndaderis 12 advannsadwunduiauniwld 5 Ussan Wun & seufuld sede ud u
11N MUTTAUAMNELRUSTBY Wiazlady

UnNAI1U [18] The New Developed Health Index for Transformer
Condition Assessment

ladauedvdguainimuilnddmsunisuseiduaninmdondas
i1 Tnen1sanuazsiudadeann 24 Jade uudu 15 Jade lnensdadadenisnaasy
Furan 99na1nnsAIUM Lesanndumsiinssindaiugen dudeulunmsmaaey
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Jadeaunsnsigevanmneusnudianadlniiniies 1 JadeuavuSuluaumtnveud
azUadlud waraiun1snadaundokladanuiu 15 1309 WUILANURANAN 7% 210

A5 24 a3 TeglyaunisnisAulesall

fciDli Zn: c,Dl,

Hl = F Al F, =8
Z4Ci 4Ci
i=1 i=n-3

e F,F, =A111minued Load tap changer kay Power

transformer M1ua1HU
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a [ 1 (3 I~ v
¢ =nmsusmliuinaeivessazesdusenaunselady
nsUseiiiu
n = PuudwivreterUsenaunseladenisuszidiy

1.2.2 Uaenlglunisuseiivaninmsiawuaslniin
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1.2.3 Aavilgun1n (Health Index)
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imuanAYsvesanmmsaulasliliiiuandsiy feasfisedvandviguninves
udfoutadlntiinfaud 3 - 5 seu msldsrduanmanndomhlifianuasndelunslssdy

anlamnan



N ™ =
£75999 1-2 151U UNYUNITNUNIUITIUNTTU

14

UNAY |35 sUsedin | Uadedlouseuiu AAUYBIIINT VaNNAVITINT | NGNFIDENS SEAUAN NN DLUAY
AN annvsiowlad
A RIRIGR
Uadeuwadl, W, | - @150 Useiudn Inmgie | - A e9dNAd@aUNIS 3 s¥aU Usenauluaie
[2] Y o 1% v a
il wlaslansounaunnann 2ONLUUAIET YA ANNG
[6] ST ANSWAUIE NS UNTS | Lok UadinTuas anngausula
Fuzzy Logic - N ,
(8] Useilluanmudeudasunlag ANTNLLY
Jadeiadl naDn
[12] - @59aseavanInlaviane
o nUDLUAS
AU
a @ o 1 dl” [ \leﬂqﬂqaq [ %
- dAnusILslun1sIMUN | - ANISNRERUTIUNU 3-4 syeu Usznauluaig
Joya nsldngundaulas GHRI
- IANuQNAeIeIteyaga | Meg anmund
Machine o ~ Ao v v  a o vy
[10] Haseimdl Tugreannnun - dendudeyaid anneausula
Learning ,
AMUEAINNAY ANNLLE
- ANSIATIZRA LU

Pz a




§ITNY 1-2 MTIBUTIUMZUNSNUNIUITIUNTTY (F1D)

15

unAH | I5nsUsedin | Jadenldusudiy ALAUVBIITNS TodNveions | nauieda | seeiuanmvidaiUag
anm wide|  anwngiaulag
wlag
- Wwasmsifianuwiudngs | - dndudeadudeya 5 sesiu Usznaulude
nauraINTale ANINANIN
L -ldataseszuu ANNA
[9] Wavelet Yadead, v o
ADULI9HN anniiunan
5 ANNLE
nuBLUAY ,
. ANTNLELTN
— —— . T Anas - -
- 1ladny - AIBINIAIUIUNGY 5 5eau Usenaulume
- fanusaadalunisdun | deguinnesiuy G
. Uadewnd, Ty, | Joya Uszrns anmeansule
[16] dae o A A a v v
eIV - @305 UNEdNENaTeY | - awnsaldlany anniszds
wiagtadela U INIV0INGY anmiLg
0819 ANTNLLEUIN




16

1.3 Usziunisiae

n13a3UUTEAUTD9UITEN U ILAZY09719989n15398 (Research Gap) 910

P | aAaa a ) v an = & a
AsANE NuITISnsUsEliuan nvaesvslawUadlnilnnateds edruunnidunisusediu
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aununniundeuUadliiln Yadesueny Jadedunissuniseivan Jadesuaudu

auILYBIYAaIn Jadua1unisnsiadeuaninnteuen Wuau Janiseenuuuszuulseiiiu

a Ve
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Y

Javantiowladluinese wazanuisaasursaninusawlasliilnlaviaedng e liinady

Y
= v
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VA v =
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= & adaa [ ° [ a b4 ' 1 v
Faduisndnswmudmsunmsusaidivanmmdeudadliin wagaunsauuinguaninla
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1.5 Uszleviifiaadnaslésu

1. annsathwadildarnnisinen luldlunsussdiuvanmmsiondasiniiss uu
1Y 33 kV

2. @1u15auINaaINAsUsTIUan U TN UREN TS e msowUas
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1.6 YDULYAVDINITINY
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2.3 mndnRgfutladousadiuanmvsioudasiiin
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2.5 Wnfn ngud Reaffuasingaquiede (Fuzzy Logic)

2.6 WnAn naud ReafulassneUszamidien (Artifidal neural networks:
ANN)
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Pnmsfnuideldnunmned wenuidefiietemdouiagulsnifu

a0 L dy
UVBINE VAN € 1’3@(1‘14!

2.1 Yoyamiluifeafuvdiouvaslvin

vifouvasliin nuneds gunsalluszuulainf e dmsvuvasszay
usesulnihaduliissiuussulnihadulidmgaldmudesns wielddmiuuenisasms
il Fedeldimlounvasinfindudiunusznoufidrfglunissnsszsuusmelnfinlis

UszanSamuaziimnuiteiola

AmUszneu 2-1 nifeutadliiszuudmievesnisliihdiugiinie
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niaulalnindnannisvinaue fuaudunussemInansewalni A uEy
wsanslimdnlunisadrawsaadeumidoailiiui deiinszualnaruveainsdit fazsh
THAndunsilmdnsouy #a1 Tenseuad Teuvedlninssuaaduivuinuasfienied
Wasuulasluun vildaunuuiudniiint uiinsiasunlasaniuiai fosifausuaiou
Wil uiidid Tngvunnvesusiaa st s durus fua LYo sauIL Ll man
wazAuslumsiaruiivesauuLaudn Inelaseas1sveantawlasininusenauld
Frunadn 2 vniusouwnuilduduniwendulsuivan Swnueradusnumran wiounuy
9M1A videunudu q fannsadudundd anaeiifinihiisunseualniiviovnatadnudi
58N AnaiaUsudl (Primary Winding) LAZUABINTI T IENTTUADONYS 0UAAING 1UBDN
138071 WAIANFALNI (Secondary Winding)

Taevsfoutaslifihszuudmineinisluihdugfinieiildnuaunsautm
Ussunvwasvsfeudadluinle 3 wuu feil

1) wusmuuansasulnii ansnsaudssiondasinsinladumiaudaslni
JEUULSIAU 33 KV rtlautasliiissuunsenu 22 kv wagudawladlninssuunsanu 19 kv

2) wusmuduuaventonvadlnit ausawtslamdunlaudasli
Usenn 3 a4 6 Juefing bawn 50 kVA, 100 kVA, 160 kVA, 250 kVA, 315 kVA, 400 kVA
wazudawladliinuseian 1 wia 9 4 vuiafinm tawn 10 KVA, 20 kVA, 30 kVA, 50 kVA a1y

AnUsenNau 2-3 way 2-4

AmUsenau 2-2 nifeudadliiiuuy 1 wia veamsliihdiuginie
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£

' -,-:g
|lllSE
S PREC!
IllIIlII

AmUsznau 2-3 nieudadliiuuy 3 wa veamsliihdiuginie

“ﬂ'ﬁ ,-_

3) wuanulassasendvasiandatluin arunsanualmdunsionuadluin
wuuTaniina115 (Hermetically Sealed Type) wagndaulasluiuuuiidsegluauidu

nilauvag (Conservator Type)

mnwdseneu 2-5 ndauUaslihuuuiidseslvaundfiundoudasvasnisiniadiuginieg
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devsoudasinlihinisldulussesnils dowinliiAanmaidenanmuesian
videdulsznausine 9 veandfoudadlwiin Jsenavilvimsonvasliiiniamgnisaliiganie
duwvanls wardenansznudensinnulagsanvesszruudmingludin Weifamnnisal
niawlatliindigaegeguuss dendmalviiinnssualuihdunuun Jedessuwnlulnssuy
IihnduAuganmzdronszualiiildnudndlaoiifian dadunsiigednumszuudming
Iylihuuuudly viliszoznanildlumsdenusudsuttouy amnudenegs 1osnns
thsssnwsUuuuildldinemaunuaimi dwaliussansamuazanudefioldvassruy
Fudhelnianasls lnensussdiudssdnsamnsihnuvesmdeudadliinanunsayuseiiu
(!

1) MarRdeukaiiaTsinnauufunsiowadnih bunmsnageum
Aeanduauiuvesindumsioudadinimumnsgiu 1EC wde IEEE ndfouvasliiifléa
snduszernanuauduiidluludmdoudadwildsasazaney uhifundeutaslin
viodufiduauiuding q shliitunioudasiihieauduauiuanas aulufianasin
msdmsasnelusmsioudasliiiniagyilivsfoutadlniindigals

2) NINAADUANINAUIU HaTNITLANTTAUIRTAULSIguTunIsvnaey
ANNANYTAIUAAIA WazawIu Bushing nnelusimdeudadlivh

3) UsgiAn1sungesne wazdnwaenistdanuniowladlniimdowdaslii
wiaziaTesiimsdnddldauludnunsiuandietu deudsnaliAnnistigenufiuandaiy
me

4) orgvesnsiondasiiiln nsldrundeudadvinduaiuivagyilviia
Mavdenan nvedILUIENOUAIT o 1y difunseudasiiih vanann fds Insianzets
feuunszawiieguinanaanieuvaslii dadudiuiiliausathsssnuinuunild

= 4 d'd [74 4:1' 1 1 Y a L4 o £ d' QI 4:%’
sudwmdiauvasiihniiongnisldnunuiudendwmaliindunulunisunsednuiiiugy

5]

2.2 Mmytrgeshwmdlauvasinirvasnisiniindiugiinie
n1sU1gesnymdewdastnirvesnistiidugdatalanimualiidnig
thysdnwethetiosTay 1 ade Tneddupounsiigesnuly 21 dunou @ fail
1) A52980UA1IANLLTURUIUTBIUNAINUTIZI-UTIA 1 USIga-NT1IA UAY

W399-NT19 wazduinlumenunisinesnwm
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2) AT19ADUANIRARNTY Silica-gel FdouanmiAy 2 Tu 3 dndiiudey
Tvial wazduinlusegaunsiiesnm

3) pTadBUTBLIIga-uIw (heuazene/Auadninden) uazuiin
Tusenumsineinm

8) pyraaeuBaeny/ Uiy wavershdmdfowdas ndvhifudulviudeu uas
Juinlusenunsiipinm

5) NTITADUANINNILUON ATUTLUIBATNIOU UnzanIwmIARRITTouUag
waztuiintusienunsingesny

6) HTIVADUANINYTTIUTIG-U39 viauazena uaztufinlusissiunis
U15950W

7) amaaousziuiiulufiosing ddndrssduliianlioglussiuinnsgu

(%)

nsnsraszauiiuremdeudatlivinn1sila Hand Hole Neguushdmdauwlatiazgseau

'
a

ihifuneludaiansioutas snseduihifusniyslusshdeafuhilfeg wieyudause
i waztufinluseaumsthssin

8) nTIvdRUIRRRANEAULATANTINTEUARIANY SHILAT LY

9) n539aeY Tap Yomdoulaadnvaieinn1sungesny) wazduninlusieeu
M3U1395nm

10) av1adeuAANNAumMuAuA FunfouUasuasfudaly wioutudinly
57891UN5UNTE N

11) AsI9doUanInaeTusIge-use ddgaliuaey (hsdlusagadilallés
sladliufinadlusenunstissfnmdnduusseilvduiunaudsu) ndouduiinlu
FIYNUMTUITHEN

12) A529@0UANIN Drop - out Fuse Cutout WS ouTuyi nlusig91unis
U15950W

13) A5I9AUILATNALTIgs-UsIn dhgavdolildumsguliiudeu nieu
Uuiinlusigaunisingssnw

14) Yaaussdulnii uagnszualiihvomsaulasiivhgedne wiouduiin
Tusenunsingesnw

15) A92980UYIANNEZINUUNENRE LT. Switch wiaudu Clamp #3019

Uandnane LT. Switch Tuuu wieuduiinlusenunisiigesnm
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16) i PEA Tunsalinisdouasioniavauliou nioutuinlusieaunns
U15950¥1

17) As19deusEozvinesnsadsoniuildssey Jnwe videld warsewineda
ye013rdssasuliit sstudntonitotestutdulnadoevinliian Flashover (svoyszuy
22KV = 15.5 cm , S¥UU 33 KV = 22 cm) w3audufinlusgaunistnsesnw

18) simsulduazianiagusnanundanuas

19) as19geuLa/Au funteuwlas wazduinaniwastulusigaunanis
13950

20) as198euA1AU T uaYILYe s TunToulas (Yriaegsvo gy
nloulasumadeu) dudunionUas Seal Type mnfiasrufuniotnusa@aliudle
Jaym Wy wWasuTaens wieUsufiulul Swmedeuidiunteudas ndeutudinluseauns
13950

21) sillunsangguneu uavnaatigeinm

2.3 wuanaieafuladeusadiuaninvsionuadinia
2.3.1 dademsuszliuanmndaudasluiimedunisnagaunnuninves
dsfumsiouvadlidin
dnsTunieuvadlaliindud i unisauiu wagszurennudeuain

v =

aelumiaudaslnineongussennianisuen Widuidnisiduauiui fesdesdan
Breakdown voltage @4 auuInsg U LiAnn1ssudmifuaudulade luvinudasendu
¢ a ! 1 [ ' o [ a1 ] 5 <) £ = )
gunsaliudey Lilunia A1e Auedu SAanumiai andusgneulssin wazdvesiiu
wiowlasiiasdudnlauesgiu Wesnmsldaundeudastiaziliiinausou
ndsmaliawiunmelusndisuvanianisdenanmuasnanluindundowdaalni vilvdves

(%
o w

Yauin1silasuwlads munndsenau 2-6

0 1.5 20 2.5 3.0 15 40 &5 SO 55 6.0 65 1.0 7.5 8.0

AMNUsENBU 2-6 Seauan navestinsunsowladtnidnfuiunisiaau [15]

05 1
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Inenisusziiununinvesdduniowdattniaiunsayssdivlaniy [19]

ot
5
DS xW,
OQF =11 (2-1)
W
i=1
Tnefl  OQF = ﬂﬁ]ﬁi’aﬂmmwfﬁﬁuwﬁaLLU@QIWWW (Oil quality
factor)
S, = AP UYL
W - A

715797 2-1 Yadenisnaaeunmuninvesiiuniiawdadlnih

ANSNPEDU NANSNAADU PUINTNAADL S, W,

ANSNAADUAN > 45 1

AUy 35 - 45 2
kV 3

[ASTM D1816 : 30 - 35 3

U < 69 kv] <30 il

> 25 1

AL PR 20 - 25 2
mN/m 2

(IFT) 15-20 3

<15 il

<0.05 1

AAULTUNTA 0.05 - 0.1 2
mg KOH/g 1

(Acidity) 0.1-0.2 3

>0.2 i

<25 1

ANNNSNALTDILN 20 - 30 2
ppm a

(Water content) 30 - 40 3

> 40 a
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#5797 2-1 Uadenisvegeununmvesindiundowdadlnii (sie)

N1sVAEay HANISVAEDU | WUNEN1IAAeL S, W,
<15 1
AANLTNE 1.5-20 . 2
Wi 2
(Color) 20-25 3
>25 4

A1 OQF #iAwinilaaglasunisdndidu wavseyan HIF viseA1Usediun

[

1 U dﬂl
YodlsazUady sall

#9199 2-2 nsInasuRnnInvesnduvdeudadlniin

OQF MAUAUAN HIF GRRL
<12 A 4 A

1.2 <OQF < 1.5 B 3 gausula
1.5 <OQF < 2 C 2 PN
2<0QF <3 D 1 el
OQF >3 E 0 WELIN

2.3.2 dadenisussiiudaninundandaslnidimiesnrunisnagavdnin
neuanudaudadinin

LﬂuﬂwsmiaaaauéaﬂmpjLﬁaqeﬁ’ué"samammﬂmﬁmaﬁ]aaumauaﬂ

ANUN1TUITITNYT LU nsasadovan i ly Yasnauiu nsiaduvesingduniioudas

Usinanhtfumsfoudas Wudy feannsaussifivanivdoutadiifimnusuuvesadoves

MSENANININUIN 10 U298 enumnsnan 2-3 wagansnan 2-4

#1999 2-3 Yadunsasivaevanmateuenveslouladluii

Serud Jadun1snsIageuanInAIguen
1 NINANTOUVBIAIT
2 annUaangun
3 LUUNTNIA UIBAIUAUNUAU




775799 2-3 U338N15ATI9@0Uan nAeuanvamsiakladliin (se)

a4

A1539TUVBIUNT UV DL U

Usuauhgdulugs

ANNTAYN

nsinngauvesiidatueslua

9asafIL1 (Connector)

O | O | N | O | U

SYUUTLUIEAINUS DY

UM

§75199 2-4 NM13IRaIRUNISUSEIUaN INA18UBNYILakUadluin
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a1RuanIn HIF 4NN 51889
A a A MauUni
B 3 gausula wunsEenanmaIwau 1 - 2 Jad
C 2 PEN wunSEeNan NS IuIY 3 Jade
D 1 e wunsEeNan mEIuIY 4 Jade
E 0 Weisn wnumMsdeanmannni 4 Jade

2.3.3 Jadensussdiuanmndeudaslninnesuangvasudoutasinin

vl ountakdadlidndnisldauasyinlminn1sid auan I nueauIu

NIEANENNUTOUAIUIURAR Insziludlundudatuanusouniiinduainnisanelvan 34

Auseuiiintudeniuluilusseziiaiuiu q agviibiauwiunszauianisgadsniny

uwawssenals lneanunsanisussdivanimudowdasinianuengnisldauladai

[18] fimuanuduiussenielsuaanmuiowdasluiiiveny

nstgaulugng 0 - 60 U Wuldauniwdsznau 2-7
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Normal Acceptable

Extreme

Average Model
Accelerated

Health Index Value
[ S I T O ¥ T~ |
= e & O O S

0

0 10 20 40 50 60

30
Actual Age (vears)

AmUsEnau 2-7 Anuduiusseninan mnlioudasinihivetgnisldau [18]

[5] AmuanisUssiivanimudandadlnimiueignisldanumenis

19 HIF W 4 326U aunns19n 2-5

#1999 2-5 Mm3dnaiunisussilivengremsautaslni

GRIZVGRRY HIF 91y
A 4 1oeni 20 U
B 3 20- 401
C 2 40 - 60 U
D 1 111N 60 U

2.3.4 YJavenisuszivaninudanvasiiianisdrunisagauaininudu

UGN HRIRTEN (i
nsnadeuAtAiuaIuvesunalaniauladiiii 1Wun1sin
s i a = = L Ao vy i A =
ANNATUNINVBIUARIALARZYA LBl ufigua1i Talaseninaaindvaaitnladaiiy
AAUNG B992ABIN15TAAITENINIUARIALIIEN - YAATIALTINT YAAIALTIEE - NT1IA WAL

YAAIALTIAN - N3190 MNANUFIUNIUTTAIEgoudIHalTanN1ISIANIINEAIRTTENTI NN
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= % v dl [~ % a L4 o o o o
NIDANNITAINTIALA ‘1/]Lﬂuﬁﬂmﬂﬁaﬂ“U@\iﬂ’]'ﬁLﬂmﬁﬂJﬁlLLUE‘IQIWW’]“U’]E@ laganusadnainu

nsUszfiuAmuduauiuvesnalandeuladlniln aumisiei 2-6

§75999 2-6 nMsanasunIsUTEiuA AU uauIuYenatausiawlasluda®

Insulation test HI
Insulation type
(Mohm)
> 1000 Very Good
100 - 1000 Good
Core to Ground 10 - 100 Resular
1-10 Poor
<1 Very Poor

2.3.5 Uadenisuszilivaninusioudasiniiniedunissunanselvanvas
ndiauuadlnin
Junisusziliunginssunisanelnannsenisatenaseuli Toy
sl auvsouvadliihdningjazgnldsmsulvanliiiu 80% vesidamiouvas iesan
wanaduauUasnSonagnnssesiumaiud ureanssuauvuviuiivile dawaligumnd
vaughauvemieuvastiindmgaduly mszanufeungludmsfoudadlniihdiAaain
anugadsluraataduanvnvinlieny msldnuremdeutasiuiinduas osainnis
\douanmyssauiunely GanmnsaUszidiunisinelvanrienisiuniszannsfiansannis
Inelvangsanvesnsisiuadlnii vsensiglnaaiuiidavewmiisuvadluiigiaaailanm

psngluieu Weuturuiannnvesdintewladliin Inenisuseiiunisanelrandiunse

[
v A

Amudlaannaunis 2-2 P! gail

S
N, = (2-2)
SB
e N, = das1nsineluanvanou
S, = mMsnelnangegevedieu

[

Aaidemslawlaghndi

wn
w
Il



#1999 2-7 msusziliunisanglvan

N; i

N, <0.6 0
06<N, <1 1
1<N, <13 2
13<N, <15 3
N, >1.5 4

W lUdndiu wazszym HIF viserUssliuiivestady anauns 2-3 ©

M9N 2-8 NsInaIfuRNINan1Izn1ssulranvemdenUaslni

24:(4—i)>< N,
LF=i0

4
i=0

LE AAUANN HIF

LF< 1.2 A 4
25<LF <35 ° >
15<LF <25 ¢ 2
05<LF <15 D !
LF <05 - 0

2.4 uurAanefiuaviigunin (Health Index) vaswdaudaslnvin

30

A1 i NheaziunAuIIn1INsasulran (Load factor : LF) wag

(2-3)

Aailaunn (Health Index : HI) \usavavendnyastBausuianuguamn

voandiauUasliin Inefiansanaindeyaaiuayuainumaswing 9 Wy #aann1seaedli

o URNTT MIUTLIUANINATI NTUaYAINHLTLIY Y UIATILYILNRATI96Y

SIS g

NYIALY
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USunaumazan nlagsiuvasntowladtnidn wisldnwaulusuinn @sa1u1samuirailaain

aung 2-4 B

r]Z_iciDli Zn:ciDli

HI = 4 F, = (2-4)
Se Y
i=1 i=n-3

el F,F, =a1019i'nued Load tap changer kay Power

transformer MUAIAU

DI, = dswilannmsnsiaaeunsedeyanisungesnm

C, = AsUsT U veILRarsAUsENaUNI olladY
MsUTEIaU

n = FUAITUTBIBIRUsENaUMIaladen1sU ST

mMsNawdrguaniinsiauvsensinsizvideyanuaneiaiu wdnlugen

v

ANANULAETIVDINTUTEEUATTFUANTUANFN Y Aadl

915797 2-9 fvtlguainvaadowaslni (6]

A Haun I i tlgunn AR
8-10 A AdunsmuUng
4-7 gousula sedinsyiarfolinsvegeutarUnjesnw
0-3 W msduIAsy

715997 2-10 filaunmuesvsiouuaslii [18]

AR Haun N A ilgunn
85 - 100 Mdoy
70 - 85 A
50 - 70 pESN!
30 - 50 el

0-30 WELIN
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#1979 2-11 evilguanvesndiaudasini [9]

ARvtlgunn | Audlguam Requirement o1gfannsalinusiols
100 AN annuni > 15
30 A Uryssnwdedaiu 5-15
20 gausula | misiansanifedeuaznndau 2-5
10 We Manrud S ududsunsioudasliih 1-2
0 ugann | fmnandsstigng <1

§I5N9 2-12 7%

] 4

Javnmvesdawuadlndn [19]

q

Adilaunm | fudguam|  engmsldnudiannsaldnuseld
85 - 100 AN 1N 15 Y
70 - 85 0 1NN 10 Y
50-70 | wousulgl e 107
30 - 50 el Woenin 10 Y
0-30 weinn NUABIYNIT T

715997 2-13 fuilaunmuesvsiouuaslii [17]

Adtaunw | Avllgunn o1gmsldauianansaldnusiold
85 - 100 A AdunsauUng
70 - 85 gousula AiunImUUni
50 - 70 Ndyaausou TAREERS
30 - 50 W #hagls wasidunstigsnuanni
0-30 weiinn thsssnwvideduiasulneiiafign

e [19] MRUAAINISUTLLNULNUTVBILAaLeIAUTENaUN3 8U38n"S

Uszidiu (¢,) vive mawiuninade (K) dA1aumnisei 2-14
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#1599 2-14 dwiingstagunmvdeuUadinivenasiade

U9dy Aimin C,
M iAsERnessuniaulat (Dissolved Gas Analysis) 10
nssunszlnanvesndeuwtasnily (Load History) 10
fusznaunnae (Power Factor) 10
unsLIn (Infra-red) 10
arunmisundioutadiaifi (Oil Quality) 6
an laesan (Overall Condition) 8
nInTIIdevanINABUenvasutanlasliiin (Visual Inspection) 10
M31dIUVUAAINUIBLTIAU (Turn Ratio) 5
A3WONUALTSITY (Leakage Reactance) 8
AUAIUNIUTIAAIA (Winding Resistance) 6
N158m24935 (Core-to-Ground) 2
amW‘Uq“U%\i (Bushing Condition) 5
MslAssiRrvessumUnteutas (DGA of Load Tap Changers) 6
@mmmmﬁﬁumﬂ%ﬁaLLUaﬂWﬁN'} (Oil Quality of Load Tap Changers) 3
anmsvsamundanUasliin (Overall Load Tap Changers 5

Condition)

2.5 WUIAN NOBY NBINUATINEARULATD (Fuzzy Logic)

1<

nIINEARULASONTeTaTa0dn (fuzzy logic) LUUNTEUIUNITNIBATINENS
Adinenans Nanunsaianlddndula wnnisalde g luannenidadenseteyaliuiueou
Tnsgaulvdanudanguld iWunsldudnnisuazimgraniuisnishnfidudouveouyve

a 1

fdnvarfiasnimsanzuuudafuaiaia (Boolean logic) Fudunisfaiuaufaves
uywdifarudangudunlumsdaduladuninueia (partial true) oglurissznineie
(completely true) ffuiia (completely false)”
2.5.1 No@wn (Fuzzy Set)
Duwaifveuiuniisuiieu nquiledionazaseunqungudion
wuuaty Ineflefiensenlniiinnuuandnvensnsening 0 uay 1 Sslusewinsetduay

~ Ny = = a aaa o A v Ao
NL%@LL‘UU%%%W’J& ‘W%"?IL‘?I@"U\T‘U%@J“U@ULWWLLUUﬁ%%WNaﬂHmzLL‘UUINL‘U@EJULL‘U@QV]UVW]UI@
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Jeruvnaiadian auisanivus taeli X iWuleanliing Hedws A

Aunsaansdnuazianzlsanitantuanuluanndn

4y (x): X =>[0,] (2-5)

o u,awnsassuisanuduaivesanuiduaundnninuessa

Usgnau x Tuiledian A dnsuusiaziledion aunsoliouduwnvesdidu (tuples) lanadl

A={(x, s (X)) |x € X} (2-6)
e A = Ne@ign A

X = @UNTINVLR (set membership)

u, = nturuduaundn (membership function)

X = NANEUINS (Universe) soUTEINT

wndnflafimanunsauityadesitavenanuuuaaiuly Tneiad
waeonlifianresruduanidn (degree of membership) FauansiieAdiavsening 0
war 1 \Jouunusiedadnual [0, 1] Taed 0 nunedskiduamdnluen 1 nueds WHuaundn
Tuigs wagA1szning 0 Au 1 1uandnuidnluie WoviliiAnaudanguuagainy
suevluninddsunini uiuonenldeyluenvesani@ning q nediarduaundn
(membership function) \ulsfgudaiiieu (mapping function) Taglulawule o Tiduan
Aanuduanndnluile@imnanuduandnd msuilsdion ddwussauamaunduandnandu
otfud viiedidauduaudnsoiedudisiud 0 81 1 dwaliiAnmsaseuagunisfinug
dunfinuuuaty uagwaluuatunIswavity (crisp set)

2.5.2 Hearduanuduaudn (membership function)

uitedduvasnsdadulafidnisdmuasedvanuduandnves

fuvs TagFuanmsunuiifusuudisiensliviueu wagaquiaie Faduisnsiiddnse

madndulalildaneminnvesainuluandn wethluldlunsandumsiled iugluuung

vouiled mszguivuresiaiduanuduaindndnirludnszuiunisdn dadule wasudly
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Ty Teelandumnuduaundnazliauunasiunieauuinsiunnusznis lnganunsousn

yinvasianTuauduaidnildauildle 6 via™ fadl

1) fleriduanumaes (triangular membership function) {uflaridu

dns51Twmas 3 AAe {a, b, c}

0 X<a

(x—a)/(b—a)a<x<hb
(c—=2)/(c-b)b<x<c

triangular(x:a,b,c) =

0 X>C

[=]

=i

n
T

tAmi, P =3 & 8]

-] B 10

trimf

AnUsENaU 2-8 triangular membership function [3]

(2-7)

2) ﬁqﬁ%’u?{mﬁwmqmﬁ (trapezoidal membership function) 1Ju

HanFunIns 1 mes 4 Ade {a, b, ¢, d}

trapezoidal(x:a,b,c,d) =

0 X<a
(x—a)/(b—a)a<x<b
1 b<x<c

(d—x)/(d-c)c<x<d
0 X=>d

(2-8)
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trapmf

MNUsENBU 2-9 trapezoidal membership function [3]

a

3) Hafduimdil@eu (Gaussian membership function) Luendu
funfiorsandeanede (m) wazdrudssvuninigiu (o) dwabiduanuduaundndl

anwauzlaa taedn1sndiwes 2 A1Ae {m, o}

2
guassian(x:m: o) = exp[—@j (2-9)
(o2

(=]
[

2 ]
gaussmf, P = [2 5]

AUsEnau 2-10 Gaussian membership function [3]

4) faridusediann (Bell-shaped membership function) fuilerddu

dns51Twmas 3 Ade {a, b, c}

bell —shaped(x:a,b,c) = (2-10)
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4
gbeldm], P=[24 8]

AUsgnau 2-11 Bell-shaped membership function [3]

v aa

5) e Fuiated (Smooth Membership Function) 1 udil ari duii il

W1510M835 2 ANAB {a,b}

0 X<a
Z(X—_bf aSXSa—+b
seeab)=] 08 ? (2-11)
1—2(X‘bj atb s
b-a
1 x>b

AMNUsENBU 2-12 Smooth Membership Function [3]

6) War Tuiuan (Z-membership function) v uil e FTu &

W1510M835 2 ANAB {a,b}
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1 X<a
2
1—2(X;bj agxsa+b
b-a
Z(x:a,b) = _p)? (2-12)
Z(X b) a+b£x<b
b-a
0 Xx>b

1
4 B
zm, F=[37]

AnUsEnau 2-13 Z-membership function [3]

nsdenilaiduvesmnuluaundn arsdenauanuminaunay
ATaUAgUUBYATUINN Tavaiunsanagilminnisviudeuiuielvinisaniunusuisey

Faflauduau@nrateaile wazienduanuduaundnatusadsudsundlulmvunsan

'
o W a o

funuimaujiRanuvsenuaufensia
2.5.3 AnuduiuswuunY®
anuduiusuuuiled [Wunagaaiideuesiledivnialy dudy
ANUFLNUSTEnINRIAUTENBUYRTTTaN 2 YanTauInndn

e X,Y c R WHuamitly sradu

R={((xy). e (%, YD (X, ¥) € X xY} (2-13)

aun1ssenadzgnisendAnuduiusiuuiiadly X xY <R

M3e X way Y Aefle@iun delumnuduiusuuuie® Rixy) aglmdu
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R(x, y):{%ux, y)e X xY} (2-14)

Auduiusiuuladdnlngazeglugliuuresumsnduuin mx n

e (X, Yy) o (%, Y,)

R= (2-15)

zuR (Xm! y]_) /uR (Xm! yn)

2.5.4 UszWaluunquLA3e

A k4 (% a

Usznaruuuagquiasoidulsznadiinerdesiuiwfailifiveuien
AU MusTIivRdulngidnvaraquaIelulivestaivun A1ANITIVEIUTENIY P
Wuailadlalugae [0, 1] msnmuaAInNaiweslssnatae n1sdadisu (Mapping) 310

[0, 1] lduannw U v89A1AU939 T Fasieluil
T:ueU —(0,1) (2-16)

Tunssnzuuuiled dvususzna P idudtadivn A satiu A1A1Ua54

vosusenall avle
T(P): uy(X)where 0< g, <1 (2-17)

N1SLEANIBBNBIAIYDIAIAINLSIE NS UUSENAY P:Xxe A fian
winduAAaduanInves x luiedion A
2.5.5 n13dany
nsdeandumadadusulemided Tunuduauntnves
mdiusuUUTled Alonuuuiginaguansfidou X xY

1) M3daAUUBY Zadeh (Zadeh’s or Classical Implication)

Hg (X, y) = max [1_IUA(X)1IUB(y)] (2-18)
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2) NMsdan1uued Mamdani (Mamdani’s or Correlation-minimum)

Hr (X, y) = max[luA(X)HuB(y)] (2-19)

3) N3aPAINVDY Lukasiewicz (Lukasiewicz’s Implication)

Ha (%, y) = max[L (-, (0 + 4 (V)] (220)

4) NsdemuKaRMEndUNUS (Correlation-product Implication)

He (X, Y) = 1, (X)-145(Y) (2-21)

5) N15@DAIULUU Brouwerian (Brouwerian Implication)

1, for 1, (X) < 5 (y)
y) = _ 222
Ha (%) { 15 (Y) otherwise (222

2.5.6 faudsn1e (linguistic variable)
Hegiynanansauszendldlunisesungavasiudslugunanin lng
Tdnan1w (linguistic term) wagluguusuna ngldilsdduauduan@n (membership
function) suansasiduaauuuiled walnwilddmiunsuanauimisanudnlunig
doansvesnud Tneilsidumnuduandnannsailudslunmsinnstudeyadidesay
Tngduusarwndunisuseneuny (composition) vesiauusdudnwal (symbolic variable)
Feauddglunsiluldusslonivioiammaduiyyiussisg waznsdadulavy
A ug1uve e uUsL T 98189 (numerical variable) 7 914 Aulusud1uineraans
AMNTTUAERS MNINTUIS wazdu 9
2.5.7 ssuunguuue® (fuzzy Rule-based Systems; FRBS)
viesruUeINuLUUARuLASaLTung Vi oIl ymAdy
laiwduou aruliiuiugn warlifudunss ffseguuiuguvemguiiiedion luguuuutes
Usleadwiolud (3]

IF premise (antecedent), THEN conclusion (consequent)
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FIVUNDUNISUTEUIANALUUNITI1UIY 5 TURBU Aall

Junaunl 1 Wunsulasdunauvunufududunauuuiied (Fuzzfy

(%
v 1%

Input) Wuduneunisaseilaidunnuduanndniivued funudnuusveusazdunnuas

[ 1 (3

auddgsaedng Ineilaiduasiidnuwauzduimuadiulsniw
Funoudt 2 mslddsunsuuuied (Apply Fuzzy Operator)
funounsuvasedunanuusaiulfdudunauuuiled
fumeud 3 nsldAsnsdennu (Apply Implication Method)
Gﬁgumauﬁ 4 miﬁ’miammﬁwmﬁwm (Aggregate All Outputs)
Funeudl 5 MsuasAniladiBurund (Defuzzify) Wunsldaunis
adinenaniluasuailaBiodmamdurung
Tagszuunguuuile® anunsaussuuuungihlusenldidu 3 uuuy
S
1) guuungileduuy Mamdani 1usUnuudildiudsvdludau
(Antecedent) uagdannal (Consequence) Litadnifieuilaridu (Mapping Function) fi5Unuu
nPLTEazBndel
Rule 1 :IF (x4 is Aj1) AND (X5 is Aqy) ... AND (x, is A;n) THEN y is Cy
Rule 2 : IF (x; is Ay) AND (X, is Ayy) ... AND (x, is Ayy) THEN v is G,

Rule L : IF (x; is Ai1) AND (X, is Al5) ... AND (x, is A.,) THEN y is C.
el x,j= 1,2, .,n Huilszneud j vessuusdune x

Y Wusuusiendng

A,i=1,2 .07 =12 nidunaiarwvesdadmieileddu
puduaundnvesdein vesng i

[ L4 ¥ = ¢ o [ a ¥

C WWunaunwvestenuviseilanduanuluauBnvestoniy ves

N |

uun A° I uilednlnduesngdoi i

A=A NA,N..NA, (2-23)

agloantuauduaundndu



e () = min(azy (%), 1y, (%)t (%)
gndunmdundu

(% = %), 06 =%;),...(%, =X;)
aglaariladludiuvestouniu

o =min(u, (%), 1y, (%), ttn (X7)

ALIFNAVRING wiazdaaTaM lFaNaNNIS

Heir (Y) = 0 i (Y)

ALDINNATINYDITLUUANNTOMNIAAINANNTT

e (y) =max (e, (Y), ey (¥), - iy (Y))

fadordnmaunsowdasduaunilaan

n

. Z(/JC(Yi))xyi
y — =l -
> e ()

de y BuAnaunsess (Centroid) vpsilaiduninuduaundn

a2

(2-24)

(2-25)

(2-26)

(2-27)

(2-28)

(2-29)

HATILDIANANILA 1Aen15LEI5N159n0eAUTENUYRIAIAIER-AER

WAL ANENEA-HAR

2) sUuvungiladuuu TSK Wuguuuungnimunseainngieduuy

Mamdani kansneluainuuy Mamdani (Mamdani-style Inference) #54N158ATUADUNT

AUIUNYAAUGIY FIUFURUUNYMNTIEauLBUARaLl

Rule 1 :IF (x; is Ay1) AND (X, is Agp) ... AND (x, is Ay,)
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THEN yl = fl (Xl’ Xz, ceey Xn) = blO + bllxl + ...+ blan
Rule 2 : IF (x1 is Ay1) AND (X, is Ag) ... AND (x, is Ayy)

THEN Yo = fz (Xl, X2y ey Xn) = bzo + b21X1 + ...+ bann

Rule L : IF (x; is Ai1) AND (X, is Ai5) ... AND (x, is A.,)
THEN v, =1 (X4, Xg, .0y Xp) = Do + bXq + ... + b X,
Tned] X,j=1,2,..,n Dususeneud j UaIUUTEUNR x
Y Wusudsiondne
Aj,i=1,2.07 =12 .ndunsiarwvestodiniailed Ty
anufuandnvesdoth vesngd i
C Wunainwvestanmunseflenduainuluaundnvestony ves
g i

MrundunelugUiuy

04 =), 06 = %), (%, =) (2-30)
Toefl X, X5, X, \Juadunsla o Sldailedaruvesdoiniu

o = min(ﬂ,aﬂ(xl’)!ﬂ,au (X;),---,UAM(X;]) (2-31)
AlMNALUUTEEYRIN Wiy Uavlaan

Y =Dbo +byx +--- by X (2-32)

AtonAvesTzUUluraTINaNEnRluLAasNg N

L

zai XY,

y="t— (2-33)
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3) sULUUNgWeFwuuUINUINSgIU (Standard Additive Model :

SAM)
szuvilludiuvesderuazdomudulsenalawiadiediuguuy
IS Lo (%) A v ) & v a a =~
ngflwguuu Mamdani sinsfunsaigdiudenuvesngitedazianaduilsiduiianiaies g
Juarsyuuednavesusazngiiduaiunfinaly naerdnwavisnusaiunsadiwialaain

AaRgUIINTaLEIANAINLAAENY

L
W; X Z;
y="— (2-34)

W,

i=1

2.5.8 nalnn1sausULUUH

1) nalnn1seuinueg1ady
lorusliinguesiie@szuunitadusdl
Rule 1:IF (xis A;) AND (y is By) ... THEN (z is C,)

Rule 2 : IF (x is Ay) AND (y is B,) ... THEN (z is C,)
fact:xisX, andyisy,
Consequence : z,

ATl ududainAulaan

o, =A (%) ABL(Y), @ =A, (%) AB,(Y,) (2-35)

=B

| & o I
ANFINN 2 ﬂ{]ﬂ"ﬂ%llﬂql,ﬂu

Z, = G +a,Cy (2-36)
o +a,

2) natnn1seyuuves Mamdani iunalnniseyuiuluguwuunis
[ a E% 1 ° A &) 3 E% v o a LY 1 =
ANUUNTTAILATIATER LLazL“ZI’E]@J‘US%IEJF‘WLUUE)\‘iﬂ‘UiSﬂE)U@’JEJW]@WLUUﬂ’ﬁQ\‘IZ‘jﬂ JEAUAIN T

vosnguiazdeludiudeihgnimualay o mlean



o, =A%) ABL(Yo), @ = A, (%) A By (Yo)
LDIANAVBIFRLNYAINNTONI AN

Ci(W) = (&, A C, (W), C3(W) = (e, A Cy(W))
lwRTisusazngitfefuasamlsan

C(w) =C;(w) v C,(W) = (e, AC,(W)) v (e, AC,(W))

3) nalnN15eyLUYee TSK (Takagi-Sugeno-Kang)
Tusguunseyuuves TSK dlassasensmaluil
Rule 1:IF (xis A;) AND (y is By) THEN z; = a; x + byy

Rule 1:1IF (xis A,) AND (y is By) THEN z, = a, x + byy
fact:xisX, andy isy,
Consequence : z,

ATl ududaineulaan

o =A%) AB(Yo), a, =A, (%) AB,(Y,)
LIANAYBIFREN AN TOMIAAINAUENTLS

2, =a,(%) +b(Yo), Z; =2,(%)+b,(¥,)
anunsaTIseFneasInglian

. oz +a,,
,=Aa %
0(1+0(2

1 LIANATIVAA N 1Y) ANNTIMIARIN

45

(2-37)

(2-38)

(2-39)

(2-40)

(2-41)

(2-42)



46

n

Zai z

7, =L (2-43)

n

Z“i

i=1

4) nalnnnseyuues Tsukamoto uszuuile@ninatniwvianue

Huileiduandnlufianafior feszfumiladuesngazgniuslag o, misain
oy =A%) AB(Yo), @ =A, (%) AB,(Yy) (2-44)
wwnvesidazng duawhly z uae z, annsavnlfeinauduiug
o, =Cy(z,), a, =C,(2,) (2-45)
anunsaTIseFneasInglian

ol +a,l
7, = Bt %l (2-46)
C¥1+0(2

1 LIANATIVUA N 1Y) ANNTOMIARIN

n

Zai 2

7, =L (2-47)

24

n
i=1

5) nalnnseuuuves Larsen Minagaluniseyuiuainteunlude

= 1% v o

My wagldIsydoumeiiiiiun1sgege nadniveo1dnawdazngmilaain

a =A%) AB(Yo), @, =A, (%) AB,(Yy) (2-48)

lardurnuduaundnveanadni C mldainnisgideuendnawsazng
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CW) = (&,C, (W) v (e,C, (W) (2-49)

&1 wdwavianua n ng anansavildan
n
C(w) = \/,C, (W) (2-50)
i=1

2.6 wuaAn nquf NeafulassieUssamiisn (Artificial neural networks: ANN)

lasstneUsgaindioy (Artificial neural networks: ANN) Wunisiamdnng
nndamanilazadfunliaialiea ediassmaianuvonndetisausseuysd 3
amsavineukazdadulatesla aren1sineusy (Train) n3anisasuluinanie3smig 9
lasshgussamiiguaunsaunnudnuaensusztanala 3 wuu 7 leun

1) TaseneUszamitsuwuudouldramdiduion (Single-layer feed
forward neural networks) Ssazilyadeyaiin lassineuszan uazyadeyasen Liivsyaien
Tnsfinsdenduvestoyasen lerdsuuasmmnsdiweslulassineuszam

2) TassdeUsramisunuutouludrantmanedy (Multi-layer feed
forward neural networks) fdnuaisituiieafulasseuszamitenuuudeuludrady
P wiazinsiivdnnuvedasshnelszamdoutunseninsdeya Wuazdeyasen

3) 1AT9918U 2@ 1M BULUULNT §0uUna U (Back propagation neural
network) axfidnuasiduiivrtusuulasisssamidsawuutouluimiduie vie
TassrUszamifsunuudouludromimansdu uiaeiinisisudeuadoyaoondu
aavinefuAdNmee (Target) i otAAaALAA suL VA BULUATNSTIneTlulATIY e
Uszamlilassnefimsnaiaiedeutiosiige

nynTgideyalaglassigUszamiiisaunsnesunenseuiunsianiy

AMNUsEnaU 2-14 wazaunisn 2-51 17
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Inputs Multiple-Input Neuron

r N7 A\

N W P,

AMnUsenau 2-14 lassneUssanvuiiey (Artificial neural networks : ANN) [7]

=W, P +W,P, +W3Ps+ W, Py +WsPs+0 (2-51)
Tefi  w - Anwdnvewsazilade
p = doyaidn (input)
b = @A19AR (bias)
n = doyasen

AUAMUIENBY 2-14 drulsenauveslasstigdssamiiion Usenaume 3
daumanloun

1) Fudoyaidn (input) iumnideyafildlunisiinngiuasdnduladi
JEoR

2) fhsou (General Neuron) iulumansadinenans ielddmniuiinge
foyaitn mun1sFeusiioonuuy suaunisii 2-51 fAuuadtwiin aread madnduls
uilendunseduviseflandudnalou (Activation Function or Transfer Function)

3) doyanon (output) Tudeyadildannisiinszviviedndula iloas
ldldsioly

flsfdunsedunsoflsdtudnelouazidonmudnuazvedunaililunis
Iinnpvinsednuayesdoyaitn Welilssuuuumsdndulaiidenis dsilsddunseduvde

HanduanelouazusznaulumefantumIunisnan 2-15
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m1379% 2-15 sUsuuilendunsedunseilandudnelou

landunseiunieflandumelou aunsilendu
- a=0 n<0
Hard Limit
a=1 nx>0
Linear a=n
, . a=-1 n<0
Symmetrical Hard Limit
a=+1 n>0
a=0 n<0
Saturating Linear a=n 0<n<1
a=1 n2x>1
a=-1 n<-1
Symmetric Saturating Linear a=n -1<ng<l1
a=1 n>1
- . a=0 n<0
Positive Linear
a=n nx>0
1
Sigmoid a=
1+e™
e"-e”
Hyperbolic Tangent a= ————
en+ e—l’]

lagfl  f = Wndunsedudnuess
a = doyasentuanving (output)

INAUNIN 2-51 luilendunsedunseilenduaieloununisnei 2-15 azla

[
Y

Tayasenduanyny a vedlasatgUsvamiiisundeyaldn p aleaAIninuarA1aART

Auald azgnihldilSeuiisuiuandmung t (Target) A18NYNISLTUIWUULNTNEL

' (% '
a1 ~

(backpropagation) tiaUsuAWIsEmes laun AUmtn Aterd TrllAAaaAasu (error)

(%
v 3

seninadeyasentuanmeiuandmunglvidanaianisuioengavsoagluinue

9

d‘o
NNTAUR

994bATIV18UTLTEMALN ANUANNITA 2-52 kA 2-53

Wog,, (K +1) = Wi (k) - (L—-1)as™ (k)a™ (k) (2-52)

brow (K +1) = b, (K) = (A-7)as™ (k) (2-53)
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g wh, = adwdnlvaifiveyasen m
Wy, = Anhwdniiideyasen M
1 dl U a0 1
n = ANAIVILUIUALTA5E1INS 0-1
LY a p e D 1
a = gaTNsEeusiiaTening 0-1
5" = meuhvesddanaiafiveyasen m
k = UIUTOUNMTHEUS
br, = @leAdldiveyasen m
by, = AeAdiideyasen M

2.7 wurAangINUUSEANSAINLazAMU R B LA lusTUUIMUg LW

v

szuudmihnendauliihianuddgsieseuuasugia wagnsliusnisgls

v

Wil nssnudseansnm wazanuideteldvesszuusimielniilddu foslimuddy
Juegrannivaunsallwihluszuudming aeds il saulufsanimwindeulaaseu
syuudmtng salufansirgednunlidanunfoulunisdrendsanuliin ensuaues
ausasnsvefldluiinldegradteaneluraanariidmus fadu arudedeldvosszuy
el vuneda anvaunsavesssuvImiieliilunisdndangsnulniauesse
anudeansildliinldegafisamelutisiariidivue Tnensuszifiuamidedeldves

v
v

suusmglihannsolessdldandeidanudeteldfiiesdesing q @ feil
1) friifiiefestulniivuans Ussnoudedsi

(1) System Average Interruption Frequency Index : SAIFI Ao Al
flvavenisdiedsvesiiuiuadsigléiluszuudszautumg msailuiaduansniely
Franaiinmun

(2) System Average Interruption Duration Index : SAIDI Ao waild
YavenfsAnadsvesszozanlwihnduigldlninlussuuussauiumansalliihduniastu
Fraafinmun

(3) Customer Average Interruption Duration Index : CAIDI A9 sl
fiusuendananadslunisiiunisielniindodamnnisalladiafy

(4) Customer Total Average Interruption Duration Index : CTAIDI

Ao Avtinusuenisrafevesssesian Il iussauiuvvsmsallnihdulaenseiaany



51

wenglusrogiianditinun Jeldlaifiuszausummnisallwihdunans q adsstus
Huadauien

(5) Customer Average Interruption Frequency Index : CAIFI @ ©
FaifivsonidnadsveswauadaigldlnihiivsrausumamsallniidunsTaensaes
wuteRummmsailwihfuansaelutisaisivun Feldlwihivszauiuimmnisallaiin
Funae afriurunduaduiien

(6) Average Service Availability Index : ASAI 8 s i ¥ Usuen
dndruveanan Gevag) fiflihlssumssreliiinluraanaiidivue

v A

(7) Customer Experiencing Multiple Interruptions : CEMI, fig Al

= o ] o

Mavenisd@ndruvesdnuaugldlwihivszavmanisalliiiduansduduou n afmse
N siednuglalniivianue
(8) Customer Experiencing Long Interruption Durations : CELID

1 =

e Aylinutuenisdnadiuvasduuglelniivssaudumansalliihdunidssezan i

N

Fusnnnimiowirunariidmun lddasfusseznanliifumgsalifeviesseziia
Iylihdusamfigldlniyszaulugisnandidimun
2) fyilAendasiuliihdudanm Usenousedsil
(1) Momentary Average Interruption Frequency Index : MAIFI Ao
fiifivsueniuradovosinnuadeiigldlinlussuuussausumamaniliidudaam
(2) Momentary Average Interruption Event Frequency Index :
MAIFI fie siifivsuenferiadesnuaiaeanamsallwidudans
(3) Customer Experiencing Multiple Sustained Interruption and
Momentary Interruption Events : CEMSMI, #io fuiifivsuanfsdnanaiuvessrurugldlaii
fiszauiumgnisallaihduansuagliiihdudiasdusiu n mgnsainiesnnnii de
Sruugldlnitivmeluszuy
3) fuiifiAedosiuivan Ussnousedsd
(1) Average System Interruption Frequency Index : ASIFI Husail
fifsansnuedmoinnszualningy Tefinsananldnssudlaindundn vieadadu
favendszAnsnmvasszuusimnelatiiluiiud q S9udldlides uniuianisly
nszualnihgs Ssasfansanmileududvil SAIFI

(2) Average System Interruption Duration Index : ASIDI Judia

Nsanszeznavanianseialiiiegu Tnefarsauanldnszuwalidndunan
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L3 1

Uslerivasaduinnudefeldvesssuudmeli iudaeiivends
mansanseUsrans nmlumstrendsoulniluiuivy q wavaunsadluldluns
Ansrzianuidomeifedusuldlinih Susaslifamuinduladdssniimnzantu
dnwairveafanisld sulufsmsfnumadinuasugmand temyafiuangaslunisamu

YenensaUTuUgszuulninme
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N150DNLUULAZATNITIVY

nMs3deadailidunisusadiuanmmdiowvasindiiszuusinng 33 kv e
ayigun1n (Health Index) laensld3sdnduladlinseinieisnssnzaquiaie (Fuzzy
Logic) Failiglumsanwadedl Usznouludesasiolud

3.1 Ui

3.2 m3eenuuuadeldlunsusufiuanmmdouuasnih

3.3 neenLUURILUTofNAvesTs 5 Jadedldlunisuszduanin
niouUas (Pre-Hl : Pre-Health Index)

3.4 msUssidiuanmfoudasluiiandudsendwatia 5 Hade

3.5 nseenuuuAvtnvessasdadeildlunsusaidiuvanmusiounda

3.6 Maivdeyadmiunsussliuanmiioudas

3.7 NTAFDULAZNITUTZEUNANITOONLUUIZUUU ST Uan WMl auUas
Tl

3.8 ATOULUINNNITIVY
3.1 umin

Tuund eSuredunounisesnuuy nsveagey warUszdluranisnndey
dielanunsaiunldussiuanmneudadliihssuusvessuu 33 kv vaansiudiid
2iine Tneiifladeiidmasionsidenanmvidesuenaninwemsiouvasiuiinfiianldlunis
oonuuudua 5 Hade 1iud Tateduauamuesidundeutadinidi (Oil quality facton)
Jadusuerguamiowuadluin (Age factor) U978A1UN1TATIVABUAAINAIEUDNVDY
ndauvasiiln (Visual inspection factor) Haduaruaranuiduauiuvesvnainndonlas
1w (insulation factor) uagdadesunissuniseinanvemsieudasiniii (Load factor) @

138dndulandansivinieiinssnemguinse (Fuzzy Logic) ivainluSauiisuiudvil

g0 (Health Index) Niszudsanimvdiandadlnihvagyinnisusediu vi9du 4 seau laun

]

annd andufisansuld anmug uazanimugunn lnsusrazaninazinisuszsanaeienis

Tausalulanumnnanaiy
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MnnmUsEney 3-1 Wunshndadioutadwihszuudining 33 kv vesnis
Inlihdruniinia Fetlagiuiidnsagnsfadendoutaslifin 3 wuv Iéun wwuwra wuy
tfa¥1 uaznuudeiy fnaditigednvivsieutadliiudsnstunsaninnisings fud
fnsta anwn1seivian uazaningivsaina lnsdnlvgsdinaiiseinuday 1 At waves
msthysineluwsiazafianmsotanldlunisussifiuanmmiiouladinih augiuadfnnse
Tnan datfy maideasad Feaulansthaildanmstigednuwadoutasiiii sldlunis
Uszifiuanmenugnisyivan TagliiBnsdnduladdieseimneiinssnsagquiaie ety
WisuisuiudsEquam (Health Index) fiagansnsatirdeyalugnisnnaunuiizadnu
gouum wazdudsudunieuvasliiinesedvsl nouvsiouvadluiiiaies dsnandaga

sald

AWUsENaU 3-1 MsinrantiokUadlifnssuuiinineg 33 kv

3.2 nseanwuutadentdlunisusetivaninmsiondadluiin
Jadenldlunisesntuududadediaruisaina nsawiusiusulaaInnig
Urgesnunliandadiviluwsazess Faduleadenaunsavstanimudowdasiniilddiuau

5 Uady laun Jadearunmunmvesiduviiaudaslui (Ol quality factor) Jadasueng
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vt olUasliiln (Age factor) Uadunun1snsiadevan naneuenvyesndoluaslniin
(Visual inspection factor) Hadearuaranuiluauiuvesunainnionvaslnin (insulation

v Y

factor) uagladusunissuniselnanuesmsutasini (Load factor) Insdiniseanuuuves
ustatlade il
3.2.1 thivduaunwvasidundiauwdadinih

ns3seaseilaldanismeaeuninuduauinvenifunseudas
T ldannsnageuseia smageua1a i uauiuve s 1Tumsoudaslaliy
wazamnmAveshsuneutatinihlfannisussanunistenadisudanifunioudas
ilhgegns wldlunseenuuutiadoduamnmuesidunsioudasiiin Tasaunsoas
Henduaruduaun@in (Membership function) veen1sindulaidsiinsizrianleisnssng
Aauesolderolud

- feiFumuduanidn ( Membership function) vesa1A3L T
auruved tunsfouvaslui Tald W ef Fuainud uaund nanuwna sy (Triangular
Membership function) LLasﬁﬂﬁﬁummL‘fJuam*?m?imﬁlsmmwyj (Trapezoidal Membership
function) Tnsfmunseduauduaundnldainaigageuesnanaaoudaaiu uazen

HANAFBUANEATDIYIAALUMINAITIN 3-1

§7599% 3-1 SEHUNANITNAERUAIANLTLRUIUTRILNT UM awUas b

N1SNAEDUY NaINN1INAdaU (kV) FEAUANIN

> 45 Very Good
Aauduauiuve gy 35 - 45 Good
niounUasivi 30 - 35 Fair
< 30 Poor

YTLAUNANITNAGBUNINATINI OWYINAY 45 KV (Very Good) Taglsuannnanis
naaau 35 kV Nfisvauamanuduaun®n (nudesiu) sening 0-1 egl 35 - 45 KV Araay

DuasnFnwindu 1 9 45 — 100 kv uavilranuduaandnwiniu 1- 0 7 100 kv
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0 X <35
(x—35)/(45-35) 35<x<45
trapezoidal (x : 35,45,100,100) = 1 45<x <100
(100—x)/(100-100)100 < x <100
0 x>100

YITEAUNANITNAFDUTENING 35 - 45 KV (Good) 1aglsuanuanIsnaday 30 kV 7
fisgauainuduanndn (o) semdng 0-1 agl 30 - 37.5 kV uazilAiaiuduy

AT 1- 0 1 37.5 - 45 KV

0 X <30
rianaular(x:30.37 5 45) | X ~30)/ (37:5-30)30 < x <375
gular(x:30,37.5,45) = (45-x)/ (45—37.5)37.5< x <45

0 X > 45

YITLAUNANITNAGDUTLHING 30 - 35 kV (Fair) Ingisuannuanisnaday 25 kV Al
szauArduanndn (Audedu) sening 0-1 9g#l 25 - 30 kV wazdararuduaudn

Wiy 1- 0 4 30 - 35 kV

0 X <25

. (x—25)/(30-25)25<x<30
triangular(x: 25,30, 35) = (35— x)/(3530)30 < x < 35

0 X>35

YITEAUNANISNAFDULDENINMIOMNNAU 30 KV (Poor) Lagls uannNanIsnaday
0 kv Adszdvarmuluanndn (udedu) semine 0-1 8¢ 0 kv ArAuduaundn

Wi 191 0 - 25 KV wagilaranuduaundnwihiu 1- 0 71 25 - 30 kv

0 X <0
(x-0)/(0-0) 0<x<0
trapezoidal (x: 0,0, 25,30) = 1 0<x<25

(30— x)/ (30— 25)25< x <30
0 X > 30
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- flafdunuduann@in ( Membership function) vesAAaAINE
vositunouvadlni Tald i duanuduaundnaumaen (Triangular Membership
function) LLaquﬁﬁﬁ’ummLﬂuam%ﬂﬁmﬁ'amqu (Trapezoidal Membership function)
Tnetmunszdumiuduandnldandigngvemanadeutaiu uasAHanagoURgAY0s
Fredalunuansned 3-2

MM 3-2 SEAURaNIINadauAIRnNEvesiniundoudadliii

QREVEGRN HAIINNNTNAGDU (1) FEAUANN

<15 Very Good
Apnnwdvasihiundoutas 1.5-2.0 Good
Tt 20-25 Fair
>25 Poor

Y ITEAUNANITNAADULDYAIINIDIVINAY 1.5 1911 (Very Good) Taglsuannnans

[y

naaay 0 Wi NilsgauAmnuluanndn (A1u@ed) 58319 0-1 agfl 0 Wi Al

AUNTAWIAU 19 0 — 1 Wi taziiamnuduaandnwindu 1- 09 1 - 1.5 1w

0 x<0
(x=0)/(0-0) 0<x<0
trapezoidal(x:0,0,1,1.5) = 1 0<x<1
(1.5-x)/(1.5-1)1<x<15

0 X>1.5

YITLAUNANITNAGBUTLNING 1.5 — 2.0 111 (Good) LagtSuaINNanIsSnagay 1 i1
Pfszauarnnuluaudn (ANWTedu) s2ning 0-1 ogfl 1 - 1.5 wih uazdaranudu

AUNTNINAU 1- 09 1.5 - 2 491

0 x<1
(x-1)/(1.5-2)1<x<15
(2-x)/(2-1) 1.5<x<2

0 X>2

triangular(x:1,1.5,2) =
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YNITLAUNANTNAGBUTENIN 2.0 - 2.5 1911 (Fair) lagizuannaan1snagey 1.5 i
nfszauamauluandn (@nudedu) sening 0-1 ag#l 1.5 - 2 191 wazlianaandu

AUNTNWINAU 1- 09 2 — 2.5 Win

0 x<1.5
(x=1.5)/(2-15)1.5<x<?2
(25-x)/(2.5-2)2<x<25

0 X>2.5

triangular(x:1.5,2,2.5) =

1 [y 1

Y NILAUNANITNAGBUNINAIINIBLYIIAU 2.5 11 (Poor) laglSuINNANIITNAGDU

IS (% 1

2 Wi Aflsgavarruduanndn (udedu) 5ening 0-1 8g#l 2 - 2.5 Wi Armsdu

AUNTAWIAU 1 9 2.5 — 10 W1 wazdiaranuduaandnyindu 1- 0 91 10 i

0 X<2
(x=2)/(25-2) 2<x<25
trapezoidal (x: 2,2.5,10,10) = 1 2.5<x<10
(10-x)/(10-10)10<x<10

0 x>10

Aaduandnvessavagoudeuduauiuresihifunioudas
il wazenaunAveshifumfoudasliih asdmunduiuszneudl 1 way 2 vesiauys
SunPveITEUUT9FUUY Mamdani 1l o 1wILIMI ALY T NA §9nnuesiladuuy
Mamdani szwrinsudsdunanasiuusiondnmiienuduiug &l
Rule 1 :1IF (x; is Aj1) AND (X, is A1o) ... AND (x, is Ay,) THEN v is C;
Rule 2 : IF (x4 is Ay1) AND (X, is Agy) ... AND (x, is A,,) THEN y is C,

Rule L : IF (x1 is Ai1) AND (x5 is Ajp) ... AND (x, is A.,) THEN y is C;
Toefl x,j=1,2 ..n0udusznoudl  vesfuusdunm x
v Jusudsiondns
Aj,i=1,2..07=12 .,nidunadniervesdodmiodandu

Auduaunvesdoin 98sng |
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¢ Wumtnwvesdemunseiliiduninuluauninvesioniu ves
ngn i

Mstmuanguesieduuy Mamdani ansnsafmualdainaunis 3-1
Tngliandmiinuesarnnuduauiwesisfundoutasiuidaingu 4 uazeinunma

vesunsurlakUasliindawindu 2

Zz:Si xW,

OQF ==L (3-1)
6
Tnedi OQF = ﬂﬁ]ﬁjﬂﬂmﬂﬂwﬁjﬂﬁuﬁﬁaLLUaQIWW’] (Oil quality
factor)
S, = AAzhUUUTELEIY
W = A

1
A1 OQF 7lnazinluiisudisvesnisussiliuaninnsdaudasiniin

Weammuang v bainskusiedng (C) aunsen 3-3

#1919 3-3 NsIRAzRLLAMNIMYRNTunauUa i

OQF FEAUANIN AL Pre-HI
<12 Very Good a4
1.2 <0OQF < 1.5 Good 3
1.5 <OQF < 2 Fair 2
2<0QF<3 Poor 1
OQF >3 Very Poor 0

3.2.2 Uadednuangvasnsiawdasluii
ndunsilaldanegnisldruvamiioutasiiii TaeGuivun
svevinaeseny o Juiiiasdldnu wufviuiiviinsussduanmanldlunmsesnuuutiade
auegvesndiowdatinil lnsanunseasrsileddumnuduaun®n ( Membership function)

Yoensinauladingsimeisnsnzrquase laanilsiduanuaundndudivasunimy



60

(Trapezoidal Membership function) Ingfmuaszaualruluaundnaglugie 6 J wie
nsrAremuienazrvetieglulsasysuay 3 U Faanunsaasieilanduaiuaunnle

NN 3-4

#1519 3-4 seautnegmsldauvemiauUatini

Jade 218n15l8u @) JEAUANIN
0-6 Very Good
. . 6-14 Good
mqm'ﬂﬁvmuﬁuawmal,t.ﬂaq
14 - 25 Fair
Tnlsi
25-136 Poor
> 36 Very Poor

LY

Y958U018N1519911 0 - 6 T (Very Good) laeisuansanisnagau 0 U Nllsedu
Armduan®n (nudedu) 51319 0 - 1 og#l 0 U Armnanduaundnwiiiu 110 - 3

¥ wazdiaanuduaandnvindu 1- 09 9 ¥

0 x<0
(x=0)/(0-0)0<x<0
trapezoidal(x:0,0,3,9) = 1 0<x<3
(0-x)/(9-3)3<x<9

0 X>9

[y 1

Y3952AUD18N5LHU 6 - 14 T (Good) Ingisuannuanisnagay 3 U Niseauan

a

Auduaun®n (Audeiiv) 52wine 0 - 1 o8 3 - 9 U Armnuluaunnwindu 19 9 -

11 9 uarilAanuduandawiiu 1- 07 11- 17 Y

0 X<3
(x=3)/(9-3) 3<x<9
trapezoidal (x:3,9,11,17) = 1 9<x<11

(17-x)/ (17 -11)11< x <17
0 X >17
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439580 U81gN15ME9U 14 - 25 T (Fair) Inei3uainuanisvagey 11 U Adseauan

D.

Auduaudn (udedy) sewing 0 - 1 gl 11 - 17 ¥ Arpnuduaundnuindu 1

17 - 22 ¥ wagdiemnuduandnmiatu 1- 0 22 - 28 U

0 x<11
(x-11)/ (17 -11) 11<x <17
trapezoidal(x:11,17,22,28) = 1 17<x<22
(28—x)/(28—-22)22<x<28

0 X>28

[y 1

Y958 UD18NT19U 25 - 36 U (Poor) lneisuainnanismaaey 22 U Nilseeuen

D.

Auduann (Audedy) sewing 0 - 1 agil 22 - 28 T Aranuduaun@nuiadu 1 9

28 - 33 U wagiifauduasndnwindu 1- 0 7 33 - 39 9

0 X< 22
(x—22)/(28-22)22<x<28
trapezoidal (x : 22,28, 33,39) = 1 28<x<33
(39-x)/(39-28)33<x<39

0 X >39

Y958 UD18NT19UNINNI 36 T (Very Poor) lneisuainuanisnagaey 33 U 7iil

szaumuduan®n (Anuledu) s2wine 0 - 1 ag#l 33 - 39 U manuduaundnivindu

'
al

1739 - 60 U wazilAmauduandneiiu 1-0 7 60 U

0 X <33
(x—33)/(39-33)33<x<39
trapezoidal (x : 33,39, 60, 60) = 1 39<x<60
(60—x)/(60-60)60 < x <60

0 X > 60

Arpuduanndnvetegnisldaundowdasinin asAmunduds
U32naurei ikl s8 unaveeszuuileduuy Mamdani B 1UIMMIAIA3LUSI NG
AuANNFNTUSvRITEUUN WoTLuU Mamdani senin9duUsdunmuasiiwlsiandne

ANUANTIN 3-5
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MITNG 3-5 SEAuTiAziuLeInnegn1siduvamliauUalnih

U949y FLAUANIN ANAZLUY Pre-HI
Very Good a4
Y . Good 3
a’]Egﬂ'TisL“Uﬂ'WU“UE]\TMMBLLUaQ
Fair 2
Tnlin
Poor 1
Very Poor 0

3.2.3 Uaeaunisnsivdaudninnneuanveasusiowdaslnia
n15358aYad laldn15ns19a0uANRnUNR v IEnINATEUEN
wilouvaslnind arunsaneadiuld a1nn1sasradevantnnoudasiiiiniuuuunis
trgssnwasnslniindrugianevisdu 8 19013 mue1edt 3-6 Tnsanusaadeiladdy
Auduaundn ( Membership function) v8en1sandulaaiinszinieisnssnzraunie
IFanniteaiduninuduau@ndindsy (Rectangular Membership function) vesusiaztaeitle

PNNIIATIVFDUANUAITNA 3-7

#75797] 3-6 Yadunisasivaeuanmateuenveslowladlui

[y

BRI J93UNITHTIVDUANINABUDA

1 ANSAANTDUYDIAIL

an1muanndiun

SEUUNTIN TI9ANUATUNIUAU

A15919PUVBIUL UL DL UA

Usunaugulugs

ANNTAYN

AsinnsauYaIiitinTueslua

O NN ] PAP]WVWDN

9asafIL1 (Connector)
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§75199 3-7 SLAUNSHERNANINANEUBNUDIVLBWUAL TN

938 FIIUNNUNSLHDUAN N SEAUANN
lanunsi@enanin Very Good
NUNSLEBUANTNIUIY 1 — 2
Good
ASASIVEBUANINAEUBN 1815

Jandiakuasluin WUNSLERNANINIIUIY 3 518015 Fair

WUNSLEBUANTNINUIY 4 518015 Poor
WUNSLEBLANINUINNTT & 518015 Very Poor

Pszaunlununs@euanin (Very Good)

1 0<x<0
rectangular(x:0,0) = .

0 otherwise
YITLAUNNUNISLFBUENINTIUIU 1 — 2 579715 (Good)

1 1<x<?2
rectangular(x,1,2) = .

0 otherwise
YITLAUNNUNSLEDUENININUIU 3 578015 (Fair)

1 3<x<3
rectangular(x, 3,3) = .

0 otherwise
YITLAUNNUNSLEDUENINIWIY 4 579715 (Poor)

1 4<x<4
rectangular(x,4,4) = .

0 otherwise
YITLAUNNUNSLEBUENINUINAIN 4 5718715 (Poor)

1 5<x<10
rectangular(x,5,10) = .

0 otherwise

1 ) a 4
AruluanInuesnisasivaeuanInaneuenvetolladliin

azimuaduiusznouresiinlsBunnvesszuuileduuy Mamdani iefuwinmaiinys



64

LOIANA M1UANFURUTVOITEVUNY YT UUU Mamdani 581319 uUsBunALazAIuUs

3 =
LRIRNE ATUFTTINN 3-8

9199991 3-8 FELAUTNALLUUDWNAVBINIIATIVEDUAN A EUDNVRInL B Uasln

{93y SYAUANIN ANAZLUY Pre-HI
Very Good a4
Good 3
ANSHTIFOUININAYUDN
Y Fair 2
Yaauiakuasluin
Poor 1
Very Poor 0

3.2.4 Ya3edruArnuluauiuvesunalnudauuasinii

mMsisensadlgldnnsnsiedeurmnuuauiuwesunalansioutas
Wi nnsiaemersesdietamanuduauiuvesunain (nsulation Test) Tngnsinan
JENINUARINLTIGITUNTIIA Wafmmqqqﬁ’uwmmmﬁw LazURAILSIFAUNT IR Tag
annsaaseileidunnuduanndn ( Membership function) vesmsandulaidadinsngiinae
Tassneaquiae 9

- fleAdunnuduani@n ( Membership function) wesArauLdy
AuIusEVINURAIANsIgeiunsd Ieldilsidunnuduaundndinasunisy (Trapezoidal
Membership function) lagrtnunszauatamduauneglugas 100, 200, 400, 800
Mohm #3anszangmudnenwazvinvesaanuiduauiuluniazyisiiuag 50, 100, 200, 400

Mohm F9a1u15aa319iandumIuaLIInlaaInmis19i 3-9

7131971 3-9 seRuan mvedAInUduRuIuTENINAaInkIIgeiuNT e

L, wan1sinArnuduauiu .
EULL‘U‘UH’]TJW?}’] FYAUANTIN
(Mohm)
> 2000 Very Good
ﬂ@ﬁﬁ@LLiﬂ%ﬁﬂﬁUﬂi’]’lﬁ 1000 - 2000 Good
(H-G Insulation) 500 - 1000 Fair
250 - 500 Poor
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975997 3-9 FLAUANNTVBIAIANMILTUALIUTENI VAR IALTIGITUNTIA (FD)

o nan1sinAnuluauiu .
FULUUNITIAA FEAUANIN
(Mohm)
UVARIALIIGINTUNTNIA
< 250 Very Poor
(H-G Insulation)
> 2000 Very Good
VARIAULITIGINUUARIALTS 1000 - 2000 Good
i 500 - 1000 Fair
(H-L Insulation) 250 - 500 Poor
< 250 Very Poor
> 800 Very Good
L 400 - 800 Good
YAAIALIIAINUNTIIN
200 - 400 Fair
(L-G Insulation)
100 - 200 Poor
< 100 Very Poor

P358RuNansInAANduauILINnNnd 2,000 Mohm (Very Good) Tngisuannwa
n33aAle 1,600 Mohm fifiszauAauduaundn (aanudedu) 581319 0 - 1 o8 1,600
~ 2,000 Mohm Arauduaudnvindu 1 9 2,000 - 5,000 Mohm wagiimanutduaundn

WU 1 - 0 91 5,000 Mohm

0 X <1600
(x—1600) / (2400-1600) 1600 < x < 2000
trapezoidal (x : 1600, 2400,5000,5000) = 1 2000 < x <5000
(5000 - x) / (5000 —5000) 5000 < x <5000
0 X >5000

Y195ERUNanIsInAANUduaLINTENIN 1,000 — 2,000 Mohm (Good) Taeisuann

Nan15inAld 800 Mohm #ifisgauatauduauidn (Aruded) sen3ne 0 - 1 gl



66

800 — 1,200 Mohm Anasduanndnwindu 1 9 1,200 — 1,600 Mohm wazda1audy
A1FWinu 1 - 0 91 1,600 — 2,000 Mohm

0 x <800
(x—800)/(1200-800) 800< x <1200
trapezoidal (x : 800,1200,1600, 2400) = 1 1200 < x <1600
(2000 —x) / (2000 -1600)1600 < x < 2000

0 X > 2000

%2952sUNan1TInAIANL T UALINTENIN9 500 — 1,000 Mohm (Fair) Iagisuannna
n133nA1la 400 Mohm 7l sgAvaIAduanIdn (AT edu) 58min9 0 - 1 oy
400 - 600 Mohm A1AUDuaLTNWNTU 1 91 600 — 800 Mohm waziianAnuLduaundn

Wiy 1 - 0 91 800 - 1,200 Mohm

0 X <400
(x—400)/(600—400) 400 < x <600
trapezoidal (x : 400, 600,800,1200) = 1 600 < x <800
(1200-x)/ (1200-800)800 < x <1200

0 X >1200

1952 unanTInA1AUEuaLILIENIN 250 — 500 Mohm (Poor) Tneiduannua
n133nAle 200 Mohm #fiszduArAmduannTn (At esy) 53w31e 0 - 1 ogd
200 — 300 Mohm Aausduau@nwindu 1 7 300 — 400 Mohm wazdldnaruduauidn
Wiy 1- 0 71 400 - 600 Mohm

0 X <200
(x—200)/(300-200) 200 < x <300
trapezoidal (x : 200,300, 400,600) = 1 300 < x <400
(600 —x) / (600 —400) 400 < x <600

0 X > 600

Pr95zAunan1sinAtnuduauiutiasnin 250 Mohm (Very Poor) Tnglsuainwa

M3inAld 0 Mohm iflsgauAinuluaindn (Augetu) 58m3ne 0 - 1 8gfl 0 Mohm



67

ANAMULDUALIT AU 1 7 0 — 200 Mohm tazia1auiduauignmadu 1 -0 9

200 - 300 Mohm

0 x<0
(x=0)/(0-0) 0<x<0
trapezoidal (x: 0,0, 200,300) = 1 0<x<200
(300—x)/(300-200) 200 < x <300
0 X >300

- Heddunnuduann@n ( Membership function) vesarAuLduy
AUsEMIIRAIRLTIgeTUInaIausen Talifleitunnuduandnudtuiladduni
Juannseninawnainnsegaiunsan

- Hardumnuduann@n ( Membership function) vesarAuLdy
auusErIunaIausaiiuns e alifladdumnuduaindndivasuaiavy (Trapezoidal
Membership function) wagi sriFuarruduauidnanuind v (Triangular Membership
function) Tneinuasgiuauduandnldaindgagevesnanaaeuy 19y uazen
NANAFDUARYBITITALUAIATST 3-8

PaszdunansiaAinuduauIuNInnn 800 Mohm (Very Good) Tnei3uannsa
n33nAnle 640 Mohm 7idiszsuAAmduaudn (mandesdu) 53w319 0 - 1 04
640 - 960 Mohm Aauduaundniviiiy 1 71 960 - 2,000 Mohm wagilamiduasndn

WU 1 - 0 7 2,000 Mohm

0 X < 640
(x—640)/(960-640) 640 < x <960
trapezoidal (x : 640,960, 2000, 2000) = 1 960 < x <2000
(2000 —x) / (2000 —2000) 2000 < x < 2000
0 X > 2000

%29525UNaN1TInAIANLL T UAUIUSENINE 400 — 800 Mohm (Good) Taglsuainna
n153arle 320 Mohm AfiseauAtAduanIdn (udedu) 5v1319 0 - 1 oy
320 - 480 Mohm AAMULTuaNBvNAU 1 91 480 — 640 Mohm wazilA1auduauidn

Wiy 1 - 0 7 640 - 960 Mohm
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0 x <320
(x—320)/(480-320)320 < x <480
trapezoidal (x : 320,480, 640,960) = 1 480 < x <640
(960 —x) / (960 —640) 640 < x <960

0 X >960

gresziunan siaaiauduauIussning 200 - 400 Mohm (Fair) Tnei3uainua
n33nAnle 160 Mohm #ifiszduAAmduaniTn (Aud esiy) 53w315 0 - 1 0gdi
160 - 240 Mohm areaduaundnwindu 17 240 — 320 Mohm wasfidrauduaundn
WU 1 - 0 7 320 - 480 Mohm

0 X <160
(x—160)/ (240-160) 160 < x < 240
trapezoidal (x : 160, 240,320, 480) = 1 240<x <320
(480—x)/(480-320)320 < x <480

0 X > 480

%29525UNaN1TIAAIAM LT URUIUTENINE 100 — 200 Mohm (Poor) Tassuainua
n3inele 80 Mohm fifiszauAnuduaudn (Aanudedtu) 51319 0 - 1 887 80 - 120
Mohm A1Auduaun@nmvadu 1 7 120 — 160 Mohm waziaianuduauidnwiadu 1 - 0

A 160 - 240 Mohm

0 X <80
(x—80)/(120-80) 80<x<120
trapezoidal (x : 80,120,160, 240) = 1 120<x <160
(240-x)/(240-160)160 < x < 240

0 X > 240

Pr95zAunan1sinAtnuduauiuiasnin 100 Mohm (Very Poor) Tnglsuainwa
M3inAld 0 Mohm flsgaAuAiAuluaindn (Augetu) 58m3ne 0 - 1 8gfl 0 Mohm
Aaduandnwindu 1 90 - 80 Mohm wagdimaanduandnwindu 1 -0 7 80 - 120

Mohm
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0 x<0
(x=0)/(0-0) 0<x<0
trapezoidal (x:0,0,80,120) = 1 0<x<80
(120—x)/(120-80)80 < x <120
0 X>120

Arruduamdnvesauduauiuvessnaiandiauiadluiii
$EWI9AAIALIIFITUNTII INAIALTIGIAVINRINUTIA LALUAAIALIINAUATIIA
sgivuadudiUszneud 1, 2 uaz 3 veeiauUsdunavesszuuilefuuy Mamdani
ilernamamiLlewnm Tnsausafmuangvesiteduuy Mamdani léanasnis 3-2
Tnglsiamiminvosrarniuauiussnieemaussgeiunsddaiiy 4 Aniniinves
Aasduauiussisuemnussgaturnaakssiidiiy 4 wasAnimiinvesdia

1 URUIUTEINUAAIALTIHIAUNTIIALA NN 2

3
D LxW,
|nS :HT (3'2)

Tnen Ins = Yadsaimnuduauiuresusalantionuadlni

I = ANPLLUUUTELLUANIN

W, = andmin

A1 Ins Alaazinluiieutlreveanisuseilivaninusiowladluiiie

Muruang M laAndwlsiodne (C) nun1s199n 3-10

#7599 3-10 mM3vnAzLuuAIEnmAUTuauIuYesInalnudaLUaaluin

Ins FLAUANN ANAZWUL Pre-H|
0-12 Very Good a4
12-2 Good 3
2-238 Fair 2
28-34 Poor 1
34-4 Very Poor 0
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3.2.5 Yadeinunisiuniselvanvemdeudasinia (Load factor)
mienssildldmansaaeumeadiflunmssumszaendseldh
vo1  yifeuvadliihiilianmsinluusaziteunsedeyaninszuuunmiigimansszuuliin
(GIS) wasmsliihdugiinie lngnsihdnsinisanelnangegadiuiy 4 o WA

BNINEIUNTINULNANVDILAALLADUINNAUNTT 3-3

N, =—& (3-3)
SB
lagi N, = dn3nsanelvanvadifiou
S, = nI3elnangigvesiou
S, = winmdmdanuaslui

1Y

WiArgnsnsanelnanvewiavifiou duduusdunmnssuuile@uuy
Mamdani 1l afuiumAdaudsioing lagldiadduauduanndn ( Membership
function) v98R31N153181MAA Lﬂuﬁaﬁ%’uam%ﬂﬁm?{aumwg (Trapezoidal Membership
function) Tnermuaszduanuduandnldannaigagsvosmanaaouy 9ty uagen

HANAFBUAEATDIYIAALUMINAITIN 3-11

§715199 3-11 nsUseiuni1saneluan

N; i

N, <0.6 0
0.6<N, <038 1
0.8<N, <1.0 2
1.0<N, <12 3
N, >1.2 a4

Ye52AUsnsINTIginaniosndt 0.6 lnelsuanuan1sinalea 0 NdseauAAIy
Duan@n (Audesdiv) sendng 0 - 1 g 0 Aanuluann@nuiiu 1910 - 0.55 wawdlan

anduaindnwiniu 1- 0 9 0.55 — 0.65



trapezoidal(x:0,0,0.55,0.65) =

v v
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0 x<0
(x-0)/(0-0) 0<x<0
1 0<x<0.55
(0.65-x)/(0.65-0.55)0.55< x <0.65
0 x>0.65

Y295AUDNIINTINETNANTENING 0.6 — 0.8 taeLsuanuanisinale 0.55 Aliseu

Armduann®n (ANFeIiY) sening 0 - 1 ogil 0.55 - 0.65 Aanuduaunnivaiu 1

7 0.65 - 0.75 wazilArAuduandnwihdu 1 - 0 1 0.75 - 0.85

trapezoidal (x : 0.55,0.65,0.75,0.85) =

v v

0 X <0.55

(x—0.55)/(0.65—0.55)0.55 < X < 0.65
1 0.65<x<0.75

(0.85-x)/(0.85-0.75)0.75 < x < 0.85
0 X >0.85

Y2952AUDNIINTIETNANTENING 0.8 — 1.0 taetsuarnuanisinaile 0.75 Aliseu

AR uEITN (AURN) 551319 0 - 1 8gfl 0.75 - 0.85 Armuduaundnvindu 1

7 0.85 - 0.95 wazilArAuuanFnwihdu 1 - 0 1 0.95 — 1.05

trapezoidal (x: 0.75,0.85,0.95,1.05) =

0 x<0.75

(x—0.75)/(0.85-0.75)0.75 < x < 0.85
1 0.85<x<0.95

(1.05-x)/ (1.05—0.95) 0.95 < x <1.05
0 x >1.05

P295£AUTNTINTI8INAATENINN 1.0 — 1.2 Taeisuannuanisinale 0.95 Nlisyeu

A1ANTuELTN (AURN) 551319 0 - 1 8g#l 0.95 — 1.05 Armuduaundnmindu 1

7 1.05 - 1.15 wagilarAuduandnwhdu 1- 0 91 1.15 - 1.25
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0 x<0.95
(x—0.95)/(1.05-0.95)0.95< x<1.05
trapezoidal (x:0.95,1.05,1.15,1.25) = 1 1.05<x<1.15
(1.25-x)/(1.25-1.15)1.15< x <1.25

0 x>1.25

[y {

91958 UDMIINN5I8InanNINNI 1.2 tagisuannuan1sinale 1.15 Adssauan
Auduaundn (udedin) senine 0 - 1 aghl 1.15 - 1.25 Aranuduaundnmdu 1

7 1.25 - 2 wazdAanuduau@niidu 1- 09 2

0 x<1.15
(x-1.15)/(1.25-1.15)1.15<x<1.25
trapezoidal (x:1.15,1.25,2,2) = 1 1.25<x<2
2-x)/1(2-2) 2<x<2
0 X>2

AR UTLONATDITNTINITINEINAALAATLABUTIUIY 4 LhDU

azihlumuinInsalsulyan (Load factor : LF) anuaunis 3-4

4
D (4-i)xN,
LF=i=0 _ (3-4)

4

2N,
i-0
A1nnmsal$ulnan (LF) #ldasduiuusdunnszuuilafuuy
Mamdani ¥aslnanlagsin IagldWenduainuduanidn ( Membership function) 1du
ﬁaﬁﬁﬁ’uam%ﬂﬁ'mﬁlwmwyj (Trapezoidal Membership function) kagianduaaruidy
asndnansimass (Triangular Membership function) Tnefsunseiuainnanduandneg
Tuga9 1 nionszanedudsuazanvesainuduawinluudasdiadiiuag 0.5 Jaamnse

asnaflantumnuauInteaINm1s199 3-12



73

§7599 3-12 syeun1suseiliuAin1inisalsulnanveavsiowladtndin

LE FEAUANIN AAZLUL Pre-HI
LF> 35 Very Good a4
25<LF <35 Good 3
15<LF <25 Fair 2
05<LF<15 Poor 1
LE <05 Very Poor 0

P2958AUNINITAISUlMaANINNTT 3.5 (Very Good) laglsuannuani1sAIuIed 3.5 7l
seauA1AluanI®n (ANUTed) 2w 0 - 1 agfl 3.5 - 4 Aenuduaundnuinniv 1

71 4 - 6 wazdiApuluan@nwindu 1 - 0 0gl 6

0 Xx<3.5
(x-3.5)/(4-35)35<x<4
trapezoidal (x:3.5,4,6,6) = 1 4<x<6
(6-x)/(6—-6) 6<x<6

0 X>6

Y2958AUNTINTAISUIMARNTENING 2.5 — 3.5 (Good) IaegSuannNanIsAIUI 2.5 N4l
szauA1nluanI®n (Anuded) sewine 0 - 1 agfl 2.5 - 3 Amnuduaundnwindu 1

713 - 3.5 uazdiinanuluann@nvindu 1 - 0 ogfl 3.5 - 4

0 X<25
(x—=25)/(3-25)25<x<3
trapezoidal (x:2.5,3,3.5,4) = 1 3<x<35
(4-x)/(4-3.5) 35<x<4

0 X>4

Y2958aUNMINSAISUIMAanSENINg 1.5 — 2.5 (Fair) lagiSuannNaniIsAuln 1.5 il

<

szauAnuluann®n (Anuded) 5ewine 0 - 1 gl 1.5 - 2 Aanuduaundnuiniu 1

12 - 2.5 wagdiAauluann@nwindu 1 - 0 ogfl 2.5 - 3
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0 x<1.5
(x-1.5)/(2-1.5)1.5<x<2
trapezoidal(x:1.5,2,2.5,3) = 1 2<x<25
(3—=x)/(3-2.5) 25<x<3

0 X>3

P952AUNINITUTUIANTENI9 0.5 - 1.5 (Poor) Iaslsuainnani1sAIwn 0.5 913
seauAAluanI®n (ANuTed) 8w 0 - 1 8gfl 0.5 - 1 Aanuduaundnuinniu 1

11 - 1.5 wazdiinanuluaun@nviiu 1- 0 ogil 1.5 - 2

0 x<0.5
(x-0.5)/(1-0.5)05<x<1
trapezoidal(x:0.5,1,1.5,2) = 1 1<x<15
(2-x)/(2-1.5) 1.5<x<2

0 X>2

12935zAUN1INTalSUlRanlaana1 0.5 (Very Poor) TaaiinainnanIsAIuIns 0 il
[y 1 1< a d{' elj 1 |d' 1 [~4 a 1 [ d'
32AUAIMNNLTUALITN (AULBNY) 581219 0 - 1 889 0 A1AUUUENITNVIAY 1

0 - 0.5 wazdiAAnuduaun@nwindu 1 - 0 08?1 0.5 - 1

0 x<0
(x=0)/(0-0) 0<x<0
trapezoidal (x:0,0,0.5,1) = 1 0<x<05
(1-x)/(1-0.5)0.5<x<1

0 x>1

3.3 MsvanuuuiuUsodnavas 5 JadeililunisUsaiiuanmmdoutas (Pre-Hi ;
Pre-Health Index)

n5iseasailifeenuuumuusiondnmavesis 5 Jade Taensareiafdy
msiduan®n ( Membership function) ¥esmsindulaidaiinseimeisnssngnauiaiod
HanwuziAeInu ﬁwﬁqﬁ%’umwmﬂuam%ﬂﬁ'mﬁlﬂmmw% (Trapezoidal Membership
function) Amunsziuaesnuadneglut 0.5 Fsnszaresnudieves Pre-Hi luusiaz

924 TRg@IN50AS9TINTUANUANITNANNANTIN 3-13
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M199199 3-13 SEAUAzLUUAILUTIENANATEIS 5 U3

FLAUANIN ANASLUY Pre-HI
Very Good a4
Good 3
Fair 2
Poor 1
Very Poor 0

Y9TEAUALLUWYINTY 4 (Very Good) Taensuainazuuudila 3.5 Aflszauaianuuy
aU1TN (AUTOLIY) 9NN 0 - 1 egfiAzuuu 3.5 - 4 uagdaranuduaundnuiniu 1-0
pgiiAzuuY 4

Y

0 X<3.5
(x-3.5)/(4-35)35<x<4
(4-x)1(4-4) 4<x<4
0 X>4

triangular(x:3.5,4,4) =

Y95 AUALBLUUYIAU 3 (Good) TaetSUAINALWUUA Le 2.5 AdsesuaIAIuLdu
au1Tn (Audedin) 581313 0 - 1 egfiazuuu 2.5 - 3.5 manuduanndnmindu 1 egi

AZLUL 2.5 - 3.5 wagszauanuiluann@nvindu 1 - 0 egiiasuuu 3.5 - 4

0 X<25
(x—=25)/(3-25)25<x<3
trapezoidal (x:2.5,3,3.5,4) = 1 3<x<35
(4-x)/(4-3.5) 35<x<4

0 X>4

[y I

B TEAUALHUUINAU 2 (Fair) Tneisuainaziuudls 1.5 Alsesuaianuduaun®n
(AU RITY) 581379 0 - 1 agfiazuuu 1.5 - 2 Arpnuduaunnwindu 1 egfinzuuu

2 - 2.5 wagsrauanuluanBnviniu 1 - 0 egfiasuuu 2.5 - 3
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0 x<1.5
(x-1.5)/(2-1.5)1.5<x<2
trapezoidal(x:1.5,2,2.5,3) = 1 2<x<25
(3—=x)/(3-2.5) 25<x<3

0 X>3

[y 1

22952AUALMUUYINAU 1 (Poor) TastSuanAzwuuile 0.5 NHseAuAIANILTLANNTN
(AU 0ITW) 581319 0 - 1 agiazwuu 0.5 - 1 ArruluanInindu 1 egfinzuuu

1 - 1.5 wazszavamuduaundnuintu 1 - 0 sgiiazwuu 1.5 - 2

0 x<0.5
(x-0.5)/(1-05)05<x<1
trapezoidal (x:0.5,1,1.5,2) = 1 1<x<15
(2-x)/(2-15) 1.5<x<2

0 X>2

YITEAUALUUWYINAU O (Very Poor) Iaalsuainazkuuitls 0.0 iiseaurininudu

'
t%

au1Tn (AMULFeIL) 591119 0 - 1 egfimzuuu 0 ArAduaNTnvindy 1 egiinzwuu

0 - 0.5 wazszauAAMUduau@nvindu 1 - 0 agfiAzuuy 0.5 — 1

Y

0 x<0
(x=0)/(2-0) 0<x<0
trapezoidal (x:0,0,0.5,1) = 1 0<x<05
(1-x)/(1-0.5)0.5<x<1

0 x>1

3.4 myussiiuanmudiauvasinirandauusiondnan 5 Jade
A15398A5I0 bAYINNNSUSE U WL awUad i Aen1swUIsEAUAN TN

yilawladlndroanidu 4 seau Town nilawlasindraning wilaulaslniraninesusuls

ada o a

patakUasliiraninweg wazvawladludraninkguin delunmazaninlassuisanidunis

]

FeaslduAn1TUN39sNY deuuey wavoneinensalindendddauld anunisen 3-14
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919999 3-14 svtlguanveandiauuasiih

vt | .. 21815l NUNAIAN1T0]
Avllgunn n3ALiuNI3 S
qUAMN ansaldaule
70 - 100 A Antunsauung 1NN 10 U
50-70 | weusule | fhseda/ diunisungeshw 3-107
30 - 50 e w383 gauuay / Rebuild Weenin 3 U
0-30 wean | geunsy / dudeulaeisaiige MUABIEYNTTITIU

In8n1391A1A¥HaunIN (Health Index) @unsanilaainnisaAIuinm iy

AUN15N 3-591nA1 Per-HI 119 5 Uady AAUIMHNwaasUaamuiive 3.5

> DI,
HI =100x - —— (3-5)

>

i=1

gdl DI, = Awivdannmsnsiaaeunseteyan1suingesny
C, = NMsUssLiiunuaivaiaveIdusEnaunI eI

Yoaknarladen1suseiiiy

FIUIUARUVBIDIAUTENOUNS oA 8N1sUSELTU

=}
1l

PIDLVNU 5

3.5 N15aanLUUAILIMUNYaIiastadenldlunisuseliuan wundowdadlnila

1 9°J U ! U dl a 4
nseRNLUUANNINTENYewAarUade g lunsusediuan nudonuas C %

6

90NLUUIINNTNUToYaNan1sUnTssnenllewlasdoundwminengnisldauniainnisal

a

annsaldauliiieaunsanmunseauvesan nvdoudadng 4 seau 31w 150 Jaya 1
H1uN1sinaulainTzneIsnIIneAquLAse (Fuzzy Logic) amuriade 3.2 uazyitnisusu
F1uvestayalilA15ening 0-1 (Normalize) M1uA15197 3-15 senisldlasetngdsyam

Wey (Artificial neural networks : ANN) muaumiﬁ 3-6
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M5 3-15 M3uTuguteyavesnvilguamvdowdadlil

AP .
suilgunn | Arnansdndvilaunn AvinsUTugu
qUNN
70 - 100 A 85 1
50 - 70 gousule 60 0.7059
30 - 50 L 40 0.4706
0-30 LEUNA 15 0.1765
N=W P +W,0, +W 3P +W , 0 + W, 5 Ps + b (3-6)
Tnefi w = avnunvedmazlay
p = oya (input)
b = a1eaf (bias)
n = doyasen

MuUITsdlTlATsU e UTTE I BULUULNT 99UNa U (Back propagation

neural network) wazeffunses unsaWeiduaeloudnuesd (Sigmoid Activation

saa o

. A & ) a & 9] Y o « P N~ !
Function) MUJufandun19ntinm1ansnilanwue U udulAsanuyie “S-curve” 58380731

“Sigmoid curve” HA1ENWIN 0 ey 1 mUaNA1SA 3-7

1
a=f(n)=—: (3-7)
1+e™
Taofl  f = Wendunsedudnuess

Jayavandugaiing (output)

QD
1l

3.6 nsutayadmiunisUszdivannndoudadlnin
n15398A3 99 LA AmuakuInIansii vt eyad s udiuiussiduann

wlowtaslifin ndeyanisuisesnwinaznisiulvanvewmdaudadluiiszuudimuie
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33 kV 909n15bdugiinin §auau 180 faegie wuadudiegedmiviudneusy
(Train) 97u3U 150 f10819 wazdteg1dmsuldnaasunitugnees (Accuracy) 31Uy
30 foena @9lu 180 shegrautadu 4 nqu fil

naudt 1 Hunanisvigssnwmsioutasiihiidundeutadinfinlyafadsld
sulahiAu 10 3 ieldfunmsussifiuandidervyueaununiiinesuazmsouuas sl
drugiinia Indundewdatinihegluanmianunsaldanulauinnit 10 U dhandmualing
nsUsEdiueglugae an1mi

naudl 2 Wuwanstisednvmleuvasiiitlusfinveaneudadluiinfidige
Tutagtudeunds 4 - 9 U ihunmwvualinanisuszdiueglutne anmeeusule

naudl 3 Wuwansthgednvimleuvastiitlusiinvesnieudasiniirfidige
Tutagtudounas 1 - 3 U dnmuuabinanisusziduaglugng aninue

nauit 4 1umanistigsinwveuvasiniiriivgalutiagdu thundmun

Tinan1suszilivegluyie aninugunn

3.7 Msnadaunazn1suszifiunaniseanuuussuuuseifivaninudauuaslnin

53R S lEFruALUINNIN SRR ULAZNNSUSEEI LA SO ALUUSEUY
Usviliuanmusiowtaslniln annnsiideyananisiisessnwvsiowtaslnindiuiu 30
fot1e urteuliiussuuussduaninnd sutasudrvinanisussifiud launviinas
WivuitsuiudeyaaniwaswemifouUasiiedis iledumamaiugndes (Accuracy) v

SYUUUTLLIUTNDDNRUUNNALNISA 3-8

|Xestimate ~ Xactual | %100 (3-8)
X

%Accuracy =

actual

lag?  %Accuracy = A1AIINYNABIVEITEUY

X = uwrundiowdadliifiregeiusslivanimgnees

estimate

AU

X = Fununtenlasiuihnvunlsndusiegng

actual

(%
Y

el Anmnugneesvesszuuigensulanmualin unnimiawin 80%



3.8 NSOUKUINIINISIYY

Anwnisuseiiuaninudonuaglain

y

sswdeyandowdasini

AMuundadelun1seankuy 5

Usziluan mvilanuaslninwuu Health Index aen1sdnaulakuunssnemans

AANLATD

@379 Membership function

v

ANUALIATNLAREUINY

v

NAADULAZUTELIUNANNT

ANUTZNBU 3-2 NTDULUINIINITINY

80
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Nan1sAnYILAZaAUIIUNE

NNSANYIaETIUTINTaYa dmsudsslivanmmdaudasiiissuudmune 33
KV aqedvilaunin (Health Index) Inan1sld3sdndulaidaiinsissinieisnssneaquLaie
(Fuzzy Logic) Feeanuuutazinassn1susziliuaninniaulasmionisiolusunsy MATLAB

SIMULINK snuguwuunsuseiiulunmdsenay 4-1

Values of memberships

IF 70 < HI=< 100
Adjust weight [ANN]

4
IF 50 £ HI=70
fl.lZZYIOgiC IF 30 < HI< 50

IF HI< 30

error

AmUsenav 4-1 susuunmsusslivaninndowdasinihvesise

anunsnthiaueranIsfinm JinTeitona uavoAumenalddetelud

4.1 nanseenwuuadefldlunsuszifiuanimmdowvadluih

4.2 wamsevunai et 5 JadeildlunisusviivanwmsiouUasluii
4.3 wansegeularn1sUsEliunanisoanuuussuuUseiliuan mudenlaglnin

4.4 NM39AYTIBNANITANEN

4.1 wan1saantuutdaldenlglunisussiivaninnionlasinin
NANT59RNWUUYITENAUSaUTAN MrakUadbning1wIu 5 a3 lawn
Jaduaunmunmvesiidundiowdasluiin (Oil quality factor) Jaduaueigvesndowuas

Tl (Age factor) Uaduarunisnsiadeuaninnigusnaosns sudasluwa (Visual
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inspection factor) JaduauAinuduauiuresunaiandeuwdasivin (Insulation factor)

wazdadesumssuniseluanuaasiowdadliiln (Load factor) @aunsaaSutanalaeadl

4.1.1 wanseanuuuiladeduamnmuasirfunteuuadlnii
- HanduanuduauBn (Membership function) veaA1aaL Ty
awnves1und ouvadliinarnnisivuailesifuninuaudnauma s (Triangular
Membership function) LLaz‘WqﬁﬁﬁummLﬂuam%ﬂ?im?{smmwy (Trapezoidal Membership
function) anMsfMuasERuAIL uaInEnldnAgagRINaNAFDUY Y uazA

HANAFOUAIARATBIYNAAUAINAITIT 3-1 lananiseaniuuniunIwlsenay 4-2

plot points. 181
Membership function plots

Poor Fair Good Very_Good

ad

20 30 i
input variable "Breakdown_Voltage”

AUsEnaU 4-2 Hantuanuduaundnuasaianuiduauiuvastinfunsonuadlnii

- laduarnuduani@n (Membership function) vasraanINaE
voeu afundoudadliinarnnisiinuailsfdunnuduauidnauna oa (Trianeular
Membership function) LLasﬁﬂﬁ{fummL‘f]uam*?m?im?{wmwyj (Trapezoidal Membership
function) Iﬂaﬁmumzﬁum’lmﬁuam%‘ﬂlﬁmﬂﬂ"}qmqwmNamaauﬁ’mﬁgu WayAn

HANAFBUAEATDIYIAALUMNAITIN 3-2 lonan1seaniuumunmUsenay 4-3
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plot points: 181
Membership function plots
T

Very_Good Good Fair Poor

o p 1 ) o

0.5 1 1.5 2 2.5

input variable "Color"

amUszneu 4-3 Wenduanuduaundnvesiqunimdvesindunioudasli

- fanduanuluaui®n (Membership function) ¥84A15EAUAAIN
wifoutasiiihainaunmindfundoutadlidi ldannisfnunitsidunuaundndivden
A4y (Trapezoidal Membership function) A1UA15199 3-3 ldnani1seanuuuniy
AMUIENDU 4-4 uazanuduiusszninafleiduanuduanndnvesmnuduauiuves
hsumsioudasiiin aanmavesidunsioudasiiil wazAssduanimmdeutadinies
arunmthsuvsouUadliif fvueannsfwiamar OQF fifidniwdnveseuduauay
vosisfunsauvasiidawindy 4 aunmavesidundoudadiuiindeanvinty 2 2y
annsaairengileduuu Mamdani T6d1mau 16 ng auassil 4-1 uazkansvingiadam

AwUsenau 4-5

plot points: 181
Membership function plots

Very_Poor Poor Fair Good Very_Good
1 o

S

0.5 1 1.5 o 2.5 3 3.5
output variable "P-HI"

AmUszneu 4-4 feiduanuduaun@nvssaszavanimmdondadlninanaaun iy

pilakUaslldin



84

915799 4-1 ngitedvesarnuduaviuvesifumioudasluin auamdvssiidy

lowtasliin uazArssauaninndawdalnitvasnuninindundoudas

sl

N Feulvvesngilafuuu Mamdani

1 | If (Breakdown Voltage is Very Good) and (Color is Very Good) then (P-HI is
Very Good)

2 | If (Breakdown Voltage is Very Good) and (Color is Good) then (P-HI is
Very Good)

3 | If (Breakdown Voltage is Very Good) and (Color is Fair) then (P-HI is Good)

4 | If (Breakdown Voltage is Very Good) and (Color is Poor) then (P-HI is Good)

5 | If (Breakdown Voltage is Good) and (Color is Very Good) then (P-HI is Good)

6 | If (Breakdown Voltage is Good) and (Color is Good) then (P-HI is Good)

7 | If (Breakdown Voltage is Good) and (Color is Fair) then (P-HI is Good)

8 | If (Breakdown Voltage is Good) and (Color is Poor) then (P-Hl is Fair)

9 | If (Breakdown Voltage is Fair) and (Color is Very Good) then (P-HI is Good)

10 | If (Breakdown Voltage is Fair) and (Color is Good) then (P-HI is Fair)

11 | If (Breakdown Voltage is Fair) and (Color is Fair) then (P-HI is Fair)

12 | If (Breakdown Voltage is Fair) and (Color is Poor) then (P-Hl is Fair)

13 | If (Breakdown_Voltage is Poor) and (Color is Very Good) then (P-HI is Fair)

14 | If (Breakdown Voltage is Poor) and (Color is Good) then (P-HI is Poor)

15 | If (Breakdown_Voltage is Poor) and (Color is Fair) then (P-HI is Poor)

16 | If (Breakdown Voltage is Poor) and (Color is Poor) then (P-Hl is Very Poor)
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0 Breakdown_Voltage

ndsenau 4-5 nsmingiedvesrnuninvasiduniisudaslnii

4.1.2 uamseanuwuuidadeiuaiguandisuladlni
- fleiduarnuduani@in (Membership function) va3r1018n1514
sumsiauvaslii Tnesufuuassesinaveseny u Juidndaldeu aufeiudviing
Usziluannanldluniseenuuuiadesueigvemdowtaluil anmsimuailenduaiy
?i'm?{ammmyj (Trapezoidal Membership function) #1ua15197 3-¢ Tnerfmunsziuen

Auduaundneglugag 6 U ldnanisesnuuumunindsenay 4-6

ot ponts 181
Membership function plots

Very _Good Good Falr Paor Very_ Poor

input variable “Aga*

amUszneu 4-6 eidunnuluaundnvesaoensldnundeudadlih

- fenduauduaundn (Membership function) UeeA1sEAUANTN
wdawdadhiinanagnistdaundaudadiii liainnisimuailsiduanuaundndvaey

A19nY (Trapezoidal Membership function) AIUATITIN 3-5 LANANITDONLUUAIY
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AMUszRBU 4-7 wazAnuduiussznineilsidueuduann@nvesengnisldauniiondas
I Audnssdvanm  wlleudasiiivesengnisldnundeudaslniriidmuaainssuy

nAa@wUY Mamdani 31U 5 N9 MUN15199 4-2 waznansmnglednunindseneu 4-8

piot points: 181
Membership function plots
T T T

T
Very_Poor Poor Fair Good “Very_Good

output variable "P-HI"

amUszneu 4-7 Wenduanuduandnvesiszivaninnisudadiviiainananisldem

palawlasliniin

915797 4-2 ngilwdvesrrongnsidnundaudadlniy uaziednnvesaiatgnislday
niautadlni

N Reoulvvesngile@iuu Mamdani

1 | If (Age is Very Good) then (P-Hl is Very Good)

If (Age is Good) then (P-HI is Good)

If (Age is Fair) then (P-HI is Fair)

2
3
4 | If (Age is Poor) then (P-HI is Poor)
5

If (Age is Very Poor) then (P-HI is Very Poor)
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n
o 10 20 30 40 50 B0
Age

amUsznay 4-8 nsmngiledvesAatgnisidanundoudasini

4.1.3 nan1359ankuulaTefIunN1IRIIVEaUANINATBUBN VDI BLUAY

Tri#n
- feAduanulugun@n (Membership function) ¥83n15951988U
AuRnUNAvasanInateuenuiawUadlniln 91nN1eTIvERUMLLUUNITUITSNBIVBINIS
I1dauginasisdu 8 18013 dmualsdduanuduandndmd vy (Rectangular
Mernbership function) vedusiaz13filiainnsnsiadeuniunsnsii 3-6 lénanisesnuuy

MunINUsENaU 4-9

plot points: 181
Membership function plots

Very_Good Good Fair Poor Very_Poor
=

.-
1

0 1 2 3 4 5 6 8 9 10

input variable "Visual_Inspection"

AmUsgnau 4-9 fendumnuduandnvesnisnsiageuaulnunfivesdnInaeuen

pslowlasbiiin
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- ferduauluanndn (Membership function) vesA1sEAUANTN
niaulaslninannisnsisdeuanuAnunfvesaninnieusnudoudadtniln 1laainnis
fvuaileifuauanaiumasy (Triangular Membership function) 1um5197l 3-7
lAranIsERNLUUMNAINYSENBY 4-10 wazANuduiussenInsaleiduanuduauninaes
NMIRTIEUANNRARUNRVDIENINANBUBNTToLUaY AuAsEAvan wudeuUalninvesnis
n31daUAIURAUNATEIanINATBuanuT akUadlvin A1ruasInszuungiaduuy

Mamdani 311434 5 1) 7uA15197 4-3 wagkansng ledaunmyseney 4-11

plot points: 181
Membership function plots

Very_Poor Poor Fair Good Very Good

I
I

5 2 2
output variable "P-HI"

nUsEnaU 4-10 HerduanuduaundnvesrseauaninniionUadiniiainnisnsiaasy

ANMURAUNRYDIANNAEUBN NI DU A TN

#1579 4-3 niledveA1nsnTIvaeuaNEnUnfvesan nneuendowtasliily wazen
5EAUANINNTawUalni1989N19M599d8UANURAUNAYBIANINATEUBN

pstanUaslnin

N Woulvvosng#le@uu Mamdani

1 | If (Visual_Inspection is Very Good) then (P-HI is Very Good)

If (Visual_Inspection is Good) then (P-HI is Good)

If (Visual_Inspection is Fair) then (P-HI is Fair)

2
3
4 | If (Visual_Inspection is Poor) then (P-HI is Poor)
5

If (Visual_Inspection is Very Poor) then (P-HI is Very Poor)
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0 1 z 3 4 5 ] 7 8 8 10
Visual_Inspection

Adsenau 4-11 nsmngieduainisnsvgeunnuiaunfvesaninnieuenrdenlasluin

4.1.4 wan1seanuuudadedudinnuluauiuvesuaainndioutadlin
! ) 9/

N1598NKUUNIATIFA VAN URINYBURAIAVauUAa b
1AgN15IAAITENINNUARIALIIFITUNTIIA VAFIALIIGITUUARIALTINT LATYARINRTIATY

n319 @mnsaeenuuuilenduauluaundn (Membership function) lansil
- fefFunuduaun®n (Membership function) ¥84A150519@8U
Arauduauiuresnalandaulaciiiinssninsweainuseganunsng 29nn1siuue
Handuaiudmasuniany (Trapezoidal Membership function) m11a1519% 3-8 lakans

2RAKUUAUNINUTENBU 4-12

plot points: 181

Membership function plots

Mery_Poor  Poor Fair Good Very_Good

150C 2000 2500

input variable "H-G_Insulation™

AUsEnau 4-12 feitunnuduaundnveanisasiageuarnnuduauiuvesnain

niiaudatliihseninaainusegeiunsig
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- feiFunuduaun®n (Membership function) ¥84n150523@8U
ArauduauInresrnaInnlowladlninseninunaInksIganuIAaIALIIA 1 91013
AruaileAdunudimasuaimy (Trapezoidal Membership function) A11A13197 3-8

lPHaN15NLUUANUAINYSLNBU 4-13

plot points: 181
Membership function plots
T

Very Poor Poor Fair Good Very Good

input variable "H-L _Insulation”

AUsEnau 4-13 feituanuduaundnveanisasiadeuarnnuduauiuvesnain

nilouUaslnfinseninunaInl g iuunaInusas

- fefFumuduaun®n (Membership function) 989A150523@0U
AN uauIuvesvaainnauUadliinsesni19vna1nLssi 1A Un$19A 31NN1SAIAUA
Haiduaudmasuniany (Trapezoidal Membership function) M11a15199 3-8 lAKANTS

2aNRUUAUNINUTENBU 4-14

plot points: 181
Membership function plots
T T T

T T
Very Poor Poor Fair Good Very_Good

100 200 300 400 50C 600 00 800

input variable "L-G_Insulation™

AmUsgnau 4-14 Henduanuduanndnvesnisnsiadeuaanuiuauiureswnain

ok UadlWiNsErI1URalIALsIIn uUNS 1IN
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- ferduauduanndn (Membership function) vesA1sEAUANTN
wiawladliihainarnnuduawiuveeaandowdadiniy laannisimuedilanduaiiy
amsz'?ﬂﬁ'mﬁ'wmﬂmg (Trapezoidal Membership function) A 15197 3-9 ldwanis
FONUUUAINNTNYTENOU 4-15 waganuduiusseninailsiduanuduaudnvesainiiu
HuauIuIIUAAILTIgITUNT IR UNAALTIGITUINAIALTIA YAAALSIIITUNTIIA Las
Arszauanmuiowdadlninainauduaniuvesveaiandowtasliin Amuaainnis
AUIUMIAT IS ﬁﬁmﬁmﬁfﬂmaqmmmLﬂuamuizwj’lwmmmLLiqqqﬁ’Uﬂinﬁ?ﬁﬁWMﬁU
4 Amiwidnuesaianuduauiussninseninussgsfurnaiausda gy 4 uagen
dwinvesmamuduamussrinemausifunsalidwiiu 2 azannseadieng el
WUU Mamdani la31uiu 125 ng ausieagidenlunianuin n uasuansing ledaiy

AnUsenau 4-16 99 4-17

plot points: 181
Membership function plots
1] 1] 1

Very_Poor Poor Fair Good Very_Good

2 5

output variable "P-HI"

AnUsenau 4-15 ledduanuduaundnvassiseavaninvsiowdadiniianeaiaiudu

AUIUYBIIRAIAI B Uas b
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P-HI

5000

3000

LY 1000 o
H-L_Insulation 0 0 H-G_Insulation

nmiUsznau 4-16 nyvingileduesrAuduauiuyeIunaInLsIgiuns1In UnaInKIeEe

fUURAIALTIEN LazAszauannmiaudasluinannanuduauiuvesvealansioluadlniin

1500 5000

1000 3000
500 2000

L-G_Insulation 0 o H-G Insulation

amUszneu 4-17 n3mingila@uesAnunduaniureunainksegaiuns1im InaInusIn

AUNsNG hazAseauan wnsiaiUadiniiananuduauivuvssusaiantianuadlni

4.1.5 wan1seanuuuladsfiunissuniselnanvesndaudaslnii (Load

factor)
nseenuuutaTeaIun1ssun1seinanvesntaulaslni (Load
factor) lnenseonuuuilsnduanuiduani@n ( Membership function) 4948751711598

Inan wazArdunaiildainnisiuluanusaziow wazidianednailaiduauduauidn
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(Membership function) vasdnsin1s3eluanliiduardunavesiienduaiuduanidn
(Membership function) eaniuunA1IN1sdsULaR (Load factor : LF) fiarmuassuanm
wlonvasiuihainnisiuniselvan

- flenduanuduau®n (Membership function) ¥898m51115318
1nan mﬂmsfi’mumﬁqﬁ%’ummﬁm?{wmamg (Trapezoidal Membership function) lag
fﬁ’mumséfummLﬂuam%ﬂlﬁﬁ]mv-ﬁwqmqmaamamaaumqﬁu LAYANAVIAABUAAAYBIY

dalulananiseanuuumunInUsEnau 4-18

plot points:
Membership function plots ey

Very Good Good Fair Poor Very Poor

input variable "Load"

nwUsznau 4-18 Mantumnuduaudnueednsinisaneluan

- fanduanuluaui®n (Membership function) ¥84A15EAUAAIN
gn31n159181uan lﬁf\]Wﬂmaﬁmu@ﬁqﬁﬁﬁ’ummam%ﬂﬁ'mﬁlaumwg (Trapezoidal
Mernbership function) #11a15197 3-10 ldran1seenuuunuAImUszney 4-19 uay
ANudNTUS ST s tuauluaunnuessnsinsaneluan AUAISEAUANINERTINT
J1eluan MMUAINNITAIWIUMININANNIT 3-3 Fgausaasengfieduuy Mamdani ba

U 5 N9 MUNNTN 4-4 uagnansingiiedniunimdseney 4-20

plot points: 181

Membership function plots
T T T

Very_Goaod[i] Good[i] Fair[i] Poorli] Very Poorli]

output variable "Load_factor"

AMNUTENBU 4-19 HanduanuduanBnvesrseauanInensIn1saeluan
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713799 4-4 nilduesdnsn1seluan AurIseRuanInensINIsIelvan

Ny Reoulvveangfla@iuu Mamdani

1 | If (Load is Very Poor) then (Load factor is Very Poorfil)

If (Load is Poor) then (Load_factor is Poorl[i])

If (Load is Fair) then (Load factor is Fair[i])

2

3

4 | If (Load is Good) then (Load factor is Good([i])

5 | If (Load is Very Good) then (Load factor is Very Goodl[i])

M w
] w o
T

M

Load factor
;

il

0.5

\ . . . . . . . .
0] 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Load

AwUsEnau 4-20 N5 ingledvueddnsinisaneluan AuAmseRuanImensINIsIelan

- e dunuduaan@n (Membership function) ae3n15UsELd LA
amnsaiiulnanvemdioudatiiiih amnnsivuailduanindvaeuniay (Trapezoidal

Membership function) laran1seenuuunIunIwUszney 4-21

Membership function plots reTi R 181

Wery F’Q-or Poor Fair Very Good

OO0

4]

in put \farlable Load [i1"

AUsEnaU 4-21 Henduanuduaninveanisuseiiuainiinisaisulvanvsamsianlad

Tl
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- HanFuanuduann®n (Membership function) Y845 uUaNIN
vifouvadllfinainnissuniselnan annnisimuadladduaiuanndnd v suanamy
(Trapezoidal Membership function) AuR5eT 3-11 IdranisesnuuununmUszneu
4-22 wagAanuduiussyminsaileidunnuluaininvesnisusedfiuainnnisalsuluanyes
nilouUasliiln duszavanimudaudasininainnissuniseluan AMUUAINNNITATUIN
AALNTT 3-0 azanunsnaiangfefuuy Mamdani 168U 5 ng Mues19R 4-5 uagwa

nsvngia@munimysenay 4-23

plot points: 181
Membership function plots
T T T

Very_Poor Poor Fair Good Very Good

T

0.5 1 1.5 2 2.5 3 3.5

output variable "P-HI"

AUsenau 4-22 deiduanuduauidnvessysuanimudawlatluiiannnissunisyivan

#7139 4-5 ngladveinisuseidiuaininisaliulnanveowdadliin duseauanin

pilawlashiinainnissunisylvan

N Woulvvoing#le@uu Mamdani

1 | If (Load[i] is Very Good) then (P-HI is Very Good)

If (Load[i] is Good) then (P-HI is Good)

If (Load[i] is Fair) then (P-HI is Fair)

2
3
il If (Load[i] is Poor) then (P-HI is Poor)
5

If (Load([i] is Very Poor) then (P-HI is Very Poor)
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F-HI

o 1 2 3 4 5 6
Load(i]

AnUsznau 4-23 nsmngiledueanisuszdiuainianisaliulvanvemdewdadlnin fu

szauan NusaLUadninannnissuniselnan

4.2 wannstvuaAmTnvasis 5 Jadefildlunsussfiuanwmdouuadlniin
nan15eenLUUANmTnvesuiaydadefildlunisussiduaninniioudas
Iylihannnsifvdeyananisingssnumifoudaslvlingoundmmeignisldauiannissd
ausaldenildiiteansamunssiuvssanmudountadiiiiy 4 52y S1uau 150 doya
(578828 8ARUNIANLIN 1) TiHUNSRRAUlaRINNAN1SEBNWUUTITE 4.1 wazyinisusu
g1uvestoyaliia1sening 0-1 (Normalize) Mumsad 3-15 (wagtdunmuainnuan n)
fa8n1519TAT9918UsTa B (Artificial neural networks : ANN) A10@Un157 3-6 waw

%

Handunszrunsefenduaialoudnuesa (Sigmoid Activation Function) auaun1sh 3-7 &9

9

¥
a v d\lv o

MuITeidlavonuuunaza1ulralaneldlusunsuniyl Python — Jupyter Notebook #1713
swwazBeafmdslunianuin n amunseenuuURmuns Ut rdnEuduALnsT 4-6
A18AR b AU 0 8ns1NSISeu; a Wiy 0.1 31uIUseUNISiSeu; Kk 9113u 1,000,000
50U wagAATIlAIWRY 7 Wity 1 nansEamuEA e susas dadeniunisng

a7

§71599 4-6 AUNNTNSUALYRIWATsA S UUTE IuaN W slawUa 9l

Jad AN
@zumwmaﬂifwﬁwﬁawmlw% 6
91gvesniianadlnii 5
NIRTIRARUAN AL UBNYBMTBLUATLH 9
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§7599 4-6 AUNTNSUALYeIwATavsd S UUsE AN wislanUaslidn (si9)

U939y AN
AnuduauILTRIUsaIantaLUad ki 6
mMssunselnanuaasiowdasluin 10

M15999 4-7 endmtintugavingveawidadudmiuusedivan nvdeutaslni

Uady Ftimiin
@z:umwmaﬂifwﬁwﬁauﬂaﬂvmw 0.1324
91gvesniianadlnii 0.2482
NIATINEUANINAEUBNTaIMTiakUadlh 0.1084
anuduauiuresaaavdauUatinih 0.4791
nssunseinanveansioudadli 0.0319

4.3 wan1snagaukan1sUsTiuNan1seanuuusTuuUEliuanwudiauUasini

HAN1IVAgaULaEN1sUTTIIuN1ToRNLUUTTUUUSTEuan mmiauUas il
nnsddeyayaRneusy (Train) $1ua 150 A29819 unadeulussuuuseidunud
20NWUY NUTIENsaUssdulagniensamIuanInazedIuIu 116 fieg1s oAy
77.33% wazann1sdinanisunsesnwvemondadliganaaeuainugnsies (Test)
$1unu 30 fegs mdeudissuuussidiununiwlseney d4-24 Aldeenuuuilaiduany
duandnvesudastadeniude 4.1 msimuadiminveusasdademunised 4-7
adsay 1 Foyavie 1 indes iteliszuuUssdiuanimmediiguam (H) Tnefitusaudsd

1. Wy anan1sunsesnwusenauliae a1uA LT uauinvesingy
nifautadlin Ardvenifundontas e1gnsldau Srurufinuauinunfiainng
ASIVEOUANINNIBUEN ANAIUTUAUIUTBIVARINLIIF-NTNIG ANAUTUALINTEIURAAIN
159g9-U5991 AANILTuRUILYRIURAIRLTI-NIN warnsunsivan andeududeya
winluszuy

2. svuulsziiuagiinisdndulanuunssnemansaauinie (Fuzzy Logic)
mufleaniuulimude 4.1 Tnemsnumarnufuauuvenituniowadwily uazandvos
diundfoutanfutiadoiuamuaimirdundeuvasiin engnislémudutiadodueng

T\f’]ﬂlﬂﬁWUﬂ'fmﬁﬂﬂﬂaﬁﬂﬂﬂﬂﬁ(ﬂ‘ﬂﬁlﬁa‘UﬁﬂWWﬂﬁEJuaﬂLﬂu{jﬁlﬁﬂéjWUﬂ'ﬁMS’JﬂaaUﬁﬂWW
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AEUBN AANILTURLILYBIYAAIALTIZI-NT1F A1ANLLTURLILYBIYAAIALTIZI-UTIH
ArAuduanIuvesInalInLsaii-ngad udutiadeduanuduauiuvesvaain
nffoutaslii wazAnssunssivandutiadonisfunmssivanvesvsioudaslifia Favis 5
Hadvaziionmavesnsdndulaifdsening 0-4

3. ihAnewinmannsindulaluduinmadvdauaim (H) auaunisi
3-6 Tngldanimdniidualdanysiineusy (Train) munis1eil 4-7 Faagldmdaiiquam
(HI) AifiAnsEm1e 0-100

4. ihandvdiaunin (H) lWisudadadauaiwaunnsed 3-14 agldanmn
vifouvadlylinisidiulsinnszuudsaidy

5. thanwmitldanszuudssifiuiisuivanmvsioudaslihaseiiAudeyals

6. Undayadndudaly nieinsesdaluundeuiissuuusuduauasy 30

fMegne e wInMmANLYNARY (Accuracy) vesseuuUsziliufieanuuunuaun1si 3-8

Distribution Transformer Condition Assessment by using Fuzzy Analytic Hierarchy Process

Indigatar Score of Visual

®

: N 22

Indicatar Score: of insuiation

HI=70-100is Good [Normal Operation] >> more than 10 years

D HI =50 - 70 is Fair [Keep Watch] »> maintenance more than usual / less than 3 - 10 years
®
et HI =30 - 50 is Poor [Rebuild or Repair] >> 1 - 3 years
& .40
HI < 30 is Very Poor [Switch with a new transformer] >> The End
indicator Score of Load
Weight of Load
e 1 i m = Limitation
Sy 2 . Breakdown Valtage = 0- 65 KV
Fuzzy Logic Load 1 +
* Oil Color=0-3
Age =0 - 60 years
n !!
Visual Inspection = 0 -9 factor
Py L Lo L-G Insulation = 0 - 2000 Mohm

H-L Insulation = 0 - 2000 Mohm

“
M .ﬁm { H-G Insulation = 0 - 2000 Mohm
Fuzzy Logic Load 3h
-
Furzy Logic Load 4th
01534} (1.1534) »| 11.1534] » 1 1534]
Eo— CanstartLoad fctar L L L :

Score af Load 1 Score af Load 20 Score af Load Hh Score al Load 4ih

AMNUSENBU 4-24 SzuuUseiliuaninudanuadbniin
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HANITUIAIANUYNADY (Accuracy) WU AINAIBENT 30 F208719810750

Usziuaninlanuaninnsiewdasluinagediuau 25 daeg1s Anduaiugnees 83.33%

TneiisneazldgnnuAISI9N 4-8

5-30
%Accuracy = % x 100

%Accuracy = 83.33%

7757971 4-8 TIUALDYANANAROUAINNYNABIVBITLUUUTHLITUINYANAGBU 30 ML

Winding insulation
Oil Condition
4 (MQ) Load
1 Age | Visual Result
(%) HI
BD | Color H-G | H-L | L-G Fuzzy| TRUE
(%)
Wl ,
1 |18.2 3 29 3 200 400 400 653 | 20.8 BN v
1IN
2 | 36.8 1 7 0 2000 | 2000 | 2000 | 42.2 | 89.9 f A v
3 | 435 0 2 0 2000 | 2000 | 2000 | 45.1 94.2 f A v
493 Yo
4 135| 1 | 26| 1 |1200 1000 | 1000 | 414 | 668 | _ .. | ... v
Sule | Sule
891 Y91
51374 1 | 28| 1 |1600 | 1200 | 1200 | 686 | 686 | _ .. | ... v
Sula | Sule
Wl ,
6 | 219 2 42 2 500 500 200 59.1 26.9 YN v
11N
7 1291 1 32 1 500 | 500 | 200 | 54.4 | 40.3 | uy e v
8 | 31.5 1 30 2 900 600 400 375 | 524 e e v
9 | 418 0 5 1 2000 | 2000 | 2000 | 40.6 | 89.6 A A v
493 ,
10 | 31.4 1 31 2 1200 | 800 800 604 | 548 | .. 183} X
Sulg
891 g9
11279 2 | 24| 1 |1800| 1800 | 1600 | 53.9 | 68.7 | _ .. | ... v
Sula | Sule
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MI3999 4-8 NLALIBEANANAHOUAUYNABIVBITEUUUTHIIUIMNYANAGRY 30 fae1a (o)

Winding insulation

Qil Condition
. (MQ) Load
N Age | Visual Result
(%) | HI
BD |Color H-G | H-L | L-G Fuzzy| TRUE
(%)
Y gy
121289 1 31 1 1500 | 1500 | 1200 | 339 | 679 | _ .. | ... v
ula | Sule
gad gl
13 | 32.1 1 24 3 1500 | 1600 | 1600 | 63.2 | 681 | _ .. | ... v
sule | sule
uel ,
14261 2 38 2 500 | 400 | 200 | 54.2 | 22.7 WeiNn v
d1N
15413 ] 0 11 0 2000 | 1800 | 1800 | 58.4 | 82.2 A A v
16427 0 10 0 1800 | 1800 | 1500 | 60.2 | 82.4 A A v
gou ,
17|245] 2 31 2 1400 | 1000 | 1000 | 55.6 | 542 | _ ., | wu¢ X
sule
18286 1 40 2 1200 | 800 | 800 | 48.9 | 48.8 | g e v
19 | 30.1 1 39 2 1100 | 800 | 500 | 49.6 | 49.1 | We) v
201259 | 1 32 1 1100 | 500 | 500 | 59.1 | 48.1 | ug e v
211437 | 0 6 0 2000 | 2000 | 2000 | 48.8 | 91.0 A A v
gou ,
221284 2 27 3 1400 | 1100 | 1000 | 71.3 | 56.7 | _ .. | u¢ X
Sula
23 | 224 | 2 37 2 1000 | 500 | 500 | 67.9 | 39.3 | g | ugu1n X
24 1319 | 1 21 1 2000 | 2000 | 2000 | 61.6 | 81.9 A A v
Wl ,
25243 | 1 33 3 400 | 400 | 200 | 59.4 | 27.0 WeiHIn v
dnN
26 | 243 | 2 36 2 700 | 500 | 500 | 453 | 403 | uwy | wguIn X
Wl ,
271231 2 41 2 400 | 400 | 200 | 59.6 | 21.0 WeiHIn v
dnN
uel ,
281262 | 1 40 2 500 | 400 | 200 | 40.5 | 24.7 WeiNn v
d1N
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MI3999 4-8 NLALIBEANANAHOUAUYNABIVBITEUUUTHIIUIMNYANAGRY 30 fae1a (o)

Winding insulation
Oil Condition
. (MQ) Load
N Age | Visual Result
(%) HI
BD |Color H-G | H-L | L-G Fuzzy| TRUE
(%)
Wl ,
291186 3 | a2 3 400 | 400 | 200 | 44.2 | 155 Wean v
170
30 | 35,5 1 18 0 1500 | 1300 | 1200 | 42.8 | 76.3 A A v

4.4 afUTIEHANTSANED

nansUsEduanmiilianszuuussiduanimvsioudaslniineziidog i
0-100% Fsusiazyrsvesassidiuiiliazusuonsgdvanmmsiaudadliin Tasanansains
unumsthasnwanaansUssulRed

- seduaninugan wioudaslifnguiasléunsduuasumaunudag
vifoudasliiniaTedvallaeiiriian vieluvsioudasnguusniifionsaniigednw esand
anmwdeuilaziAansidemeviietigaldnasniia

- szdvanmug ndfoudadluliiingudaisldsunisdonouthasndeuuey
éun nsdsuihifundeutadliin nsevesainldauiu nsdsudaes yads ius

wiaidundoulasngui 2 wiesesannguszaulguniiaziansantiadng Weswinann

fwwlduinanihlugnmsidemensetisn

1%
)=

- szavan neausula nideuvaslnihnguiiaslasunsuhsyds waslidnuu

¥
A o

afan1sdvigensunniiund wienaasdslddnduiidesdenouiianndouusy vie
dudsunsioudadinlil viedunsfoudasnguil 3 viesesanngusziunginn uazueay
finsantigednu iesaniidauuszneuvemsioudasliinusinisidenanin viieslongnis
T¥nuidoutrouny

- seduanind wifanvadlwingudasldsunisiissdnvmuunuelng
vidaiundfoudaingugavnglunisfinnsanthgedne Wesananmmfeudadlniiiglainy

nsiEeNanINYeddIuUTENRUAY 9 vIeliongnsldnutee
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[%
Y

SnsszuuUssduanmvsieuasliiiniiesnuuulinanisuszduluguuuy
0 - 100% 39a1u130dna1nuaNUd Ay k1T ITnwmdouUadluii Tagnns
Besasuanatesludiaannlasnisuds
il nsldlasstnedszanmidion (ANN) Tunsundhutinveusastasodudu
nsUseiiuann nundadesuaianuduauiuvemnainitaseannugawtasinidnunn
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[ o
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77979 Toyanaurgeinwndowdaslnihdmsuimuaailsiduanuduaudnuaz Aninin

urazlady
Qil Winding insulation (MQ) | | 5aq
No. Age | Visual Condition
BD | Color H-G H-L L-G (%)

1] 352 1 5 0| 2000 | 2000| 2000 | 36.3 A

2 34 1 6 0| 2000| 2000| 2000| 534 A

3 | a35 0 1 0| 2000| 2000| 2000| 38.1 A

4 | 339 1 6 1| 2000 | 2000 | 2000 | 589 A

5 36 1] 27 0| 2000 | 2000| 2000 | 21.7 A

6 | 408 0 3 0| 2000| 2000| 2000 31.7 A

7| 315 1] 26 1| 1150 900 600 | 18.1 gousuls
8 | 29.1 1| 26 1| 1200 1100 900 | 427 gousula
9 | 366 1] 13 0| 2000| 2000| 2000]| a1 A

101 221 2| 26 1] 1300 | 1200 | 1100 | 13.1 wel

111 262 1| 26 1| 1400 1100 500 | 18.6 vousule
121 191 2| 33 1| 1100 500 600 | 23.6 wel

131 323 1] 37 1] 900 600 500 | 36.7 weitn
14 1 403 0| 40 1| 1000 800 500 | 33.9 wel

151 3922 1] 28 1| 1100 900 500 | 45.1 gousuls
16 1 264 1| 28 1| 1100 800 500 | 42.88 el

17 26 1] 19 1] 2000| 2000 | 2000 | 448 A

18 | 181 30 10 0] 2000 | 2000 1600 | 19.4 vousule
19 1 174 3| 20 0| 1600 | 1500 | 1200 | 70.43 wel
20 | 231 2 6 0| 2000 | 2000| 2000 | 27.3 A

21 | 489 0 6 0| 2000| 2000| 2000]| 321 A

22 | 227 2 9 0| 2000 | 2000| 2000 | 40.9 A
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77979 Toyanaurgeinwndowdaslnihdmsuimuaailsiduanuduaudnuaz Aninin

wiazdady (A1)

Qil Winding insulation (MQ) | | 5aq
No. Age | Visual Condition
BD | Color H-G H-L L-G (%)
23 1 219 2 9 0| 2000 | 2000 | 1800 | 30.4 A
24 | 159 3| 24 1| 1390 | 1100 | 1000 | 48.6 wel
25 1169 3| 29 1| 1200| 1000 800 | 39.1 wel
26 29 1] 38 1] 1100 800 600 | 31.2 wel
21 1 156 3| 30 1| 1100 900 600 | 633 wel
28 | 219 2| aa 1 900 600 500 | 69.1 welunn
29 | 255 1 6 0| 2000 | 2000| 2000 | 40.6 A
30 23 2] 10 0| 2000 | 2000 | 1600 | 60.2 A
31 | 211 2| 28 1| 1200 | 1000 600 | 35.2 el
32 1 195 2| 28 1| 1100 800 500 | 70.9 wel
33 22 2| 30 1| 1100 900 600 | 30.6 ue
34 1 a12 0 6 0| 2000 | 2000| 2000| 23.6 A
35 | 328 1] 10 0| 2000| 2000| 1600 | 31.8 @
36 37 1] 10 0| 2000 | 2000| 1900 | 42.49 A
37| 321 1] 31 1 500 300 200 | 54.7 welnn
38 | 345 1| 27 1| 1200 | 1000 800 | 41.4 gousula
39 | 395 1 5 0| 2000 | 2000| 2000 36.1 A
40 | 579 0| 19 0| 1800 | 1800 | 1800 | 56.2 A
4 35 1] 23 1| 1800 | 1800 | 1800 | 40.9 A
42 | a17 0 5 0| 2000 | 2000 | 2000 | 46.19 A
43 | 474 0| 28 1| 1600 | 1600 | 1800 | 38.6 gousuld




111

77979 Toyanaurgeinwndowdaslnihdmsuimuaailsiduanuduaudnuaz Aninin

wiazdady (A1)

Qil Winding insulation (MQ) | | 5aq
No. Age | Visual Condition
BD | Color H-G H-L L-G (%)

44 | 285 1] 19 0| 2000 | 2000| 2000| 64.6 A

45 | 315 1] 30 2| 900 600 400 | 37.5 weln
46 | 304 1] 25 1] 1100 800 600 | 51.4 wel

a7 | 337 1] 35 2| 1600 | 1600 | 1200 | 452 gousuls
48 35 1] 31 2| 1100 800 500 | 34.46 wel

49 1 343 1| 28 1| 1400 | 1100 900 | 30.8 gousule
50 | 483 0| 35 2| 800 600 400 | 20.7 weln
51 1 403 0 1 0| 2000 | 2000| 2000 | 35.7 A

52 | 349 1] aa 1| 1000 600 300 | 47.2 welnn
53 | 435 0| 19 0| 2000| 2000| 2000| 46.8 A

54 | 182 3| aa 2| 600 600 300 | 33.9 weitn
55 1 242 1] 31 1 800 500 400 | 38.6 weln
56 | 191 3| 29 2| 600 500 300 | 44.8 weitn
5T | 256 1| aa 2| 1400 1200 800 | 48.9 e

58 | 205 2| 37 1| 1200 | 1200 | 1000 40 wel

59 | 232 2| 36 1] 600 600 200 | 68.1 weiln
60 | 221 2| 38 1| 16400 | 1400 | 1400 | 56.6 wel

61 | 205 2| 31 2| 900 800 400 | 57.2 welsinn
62 | 242 2| aaq 2| 603 569 478 | 59.2 weln
63 | 227 21 20 2 900 700 500 | 57.6 Wejan
64 | 283 1] 28 1] 800 600 600 | 70.2 welnn
65 | 406 0| 25 1 300 210 110 | 40.2 weln
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77979 Toyanaurgeinwndowdaslnihdmsuimuaailsiduanuduaudnuaz Aninin

wiazdady (A1)

Qil Winding insulation (MQ) | | 5aq
No. Age | Visual Condition
BD | Color H-G H-L L-G (%)

66 | 387 1| 37 1| 1200 | 1000 600 | 41.7 gousule
67 | 191 3| 39 1] 900 800 500 | 49.8 weln
68 | 274 1] 37 1| 1000 800 600 | 28.83 weln
69 | 249 2| 26 1| 1300 | 1100 | 1000 | 43.7 el

01 243 2| 27 2| 1400 | 1200 | 1000 a2 wel
11221 2| 26 1| 1200 1100 600 | 58.6 W

12| 221 2| 24 1| 1500 | 1100 | 1100 | 30.42 wel

73| a15 0| 33 1| 1400 1200 1000 | 20.7 gousula
4| 397 1] 25 1| 1600 1200 1100 | 36.7 vousule
5 28 1] 23 0| 1600 | 1400 | 1200 | 59.2 gousuls
6 | 317 1] 26 1] 500 900 500 | 60.2 weitn
71279 1] 27 1| 1000 | 1000 | 1000 | 60.4 gousuls
8 | 305 1] 17 2| 400 400 100 | 35.9 weitn
9 | 304 1] 38 1] 800 500 500 | 46.2 welnn
80 | 533 0| a2 2| 400 380 212 | 69.6 welnn
81 25 1] 38 3| 1000 | 1500 | 1200 | 452 wel

82 | 256 1] 43 2| 500 400 200 | 40.8 welnn
83 | 238 2| 38 1| 1000 | 1000 | 1000 | 53.1 uel

84 18 3| agq 3| 400 400 200 | 34.2 ueinn
85 | 406 0| aa 3| 250 250 200 | 48.9 welunn
86 27 1| 27 1| 1170 | 1080 193 | 36.4 W

87 | 2656 1] 28 1| 1400 | 1100 | 1100 | 753 gousuls
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77979 Toyanaurgeinwndowdaslnihdmsuimuaailsiduanuduaudnuaz Aninin

wiazdady (A1)

Oil Winding insulation (MQ) | | 5aq
No. Age | Visual Condition
BD | Color HG | H-L LG | )

88 | 234 2| 36 2| 1100 800 600 | 72.6 welunn
89 | 364 1] 26 1| 1400 | 1200 | 1100 | 26.6 gousuls
9 | 283 1] 37 1] 1100 900 600 | 428 wel

91 | 349 1] 17 0| 1500 | 1300 | 1100 | 42.8 A

92 | 329 1] 28 2| 1200| 1200| 1000 | 60.4 gousuls
93 | 219 2| 27 1| 1800 | 1800 | 1600 | 53.9 gousule
9 | 241 2| 28 1| 1800 | 1800 | 1400 | 47.1 gousuls
95 | 305 1| 31 1| 1400 | 1400 | 1000 | 39.26 gausule
9 | 506 o 11 0| 1800 | 1600 | 1500 | 40.3 A

97 a7 0| 28 1| 1400 1100 1000 | 558 gousula
98 | a6.1 0| 24 1| 1600 | 1300 | 1100 | 753 gousule
99 | 409 0 6 0| 2000 | 2000| 2000| 286 A
100 | 543 0 9 0| 2000| 2000| 2000 | 30.1 A
101 | 283 1 8 1 400 550 350 | 39.4 Wweiun
102 | 332 1| 32 1| 1800 1800 1600 | 513 gousule
103 | 60.8 0| 35 2| 1600 | 1600 | 1600 | 42.5 gousule
104 | 383 1| 37 1| 1800 1800 1600 | 208 gousule
105 | 405 0| 31 1] 1800 1800 1600 | 305 vousule
106 | 375 1] 31 1| 1600 | 1600 | 1200 | 40.7 gousuls
107 | 385 1| 31 1| 1600 1600 1400 a1 gousula
108 | 225 2| 32 2| 1600 | 1600 | 1400 | 456 el
1091 251 1] aa 1| 1200 | 1200 | 1100 | 483 wel
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77979 Toyanaurgeinwndowdaslnihdmsuimuaailsiduanuduaudnuaz Aninin

wiazdady (A1)

oil Winding insulation (MQ) | | 5aq
No. Age | Visual Condition
BD | Color HG | H-L LG | )
110 | 272 1| 26 1| 1400 1400 1000 | 104.5 gousula
11 26.1 1| 35 1| 1800 1800 1400 | 66.1 gousule
1121 257 1| 33 2| 1800 1800 1600 | 31.9 gausula
1131 242 2| 26 1| 1600 1600 1200 | 54.9 gausula
1141 211 2| 19 0| 2000 | 2000| 2000| 486 gousuls
1151 438 0 6 1| 2000 | 2000| 2000 | 30.6 A
116 | 441 0| 38 1| 1100 900 500 | 44.63 e
171 299 1| 31 1| 1100 800 600 | 59.1 W
118 | 272 1| 27 1| 1200 1100 800 | 64.3 gausula
1191 218 2| 31 1| 1200 1000 800 | 50.8 e
120 | 254 1| 29 1| 1400 1200 1100 | 42.3 gausula
1211 216 20 27 1| 1500 1300 1100 | 39.3 gausula
122 | 425 0| 11 0| 2000 1800 1600 | 32.4 A
123 | 302 1] 26 1| 1400 1200 1000 | 36.5 gausula
1241 328 1| 31 1| 1200 1000 800 | 66.6 gausula
125 | 467 0| 11 0| 1800 1600 1500 | 50.4 A
126 | 27 1| 38 1| 1000 800 500 | 48.4 e
1271 209 2| 14 0| 1400 | 1200 | 1100 | 73.3 el
128 | 233 2| 14 0| 1500 1300 1100 | 55.2 gausula
129 | 387 1 6 0| 2000 | 2000 | 2000| 385 A
130 | 364 1| 32 1] 1800 1800 1600 | 45.7 gausule
131 | 317 1| 26 1| 1800 1800 1600 | 42.4 gausula




115

77979 Toyanaurgeinwndowdaslnihdmsuimuaailsiduanuduaudnuaz Aninin

wiazdady (A1)

oil Winding insulation (MQ) | | 5aq
No. Age | Visual Condition
BD | Color H-G H-L Lc | (%

132 | 354 1| 28 1| 1800 1800 1400 50 gausula
133 | 317 1] 26 1| 2000 | 2000| 2000 | 62.5 A

1341 359 1] 28 1| 1400 1100 900 | 30.5 gausula
1351 581 0| 11 0| 2000 1800 1600 40 A

136 | 436 0| 23 0| 1600 1400 1100 | 30.6 gausula
1371 433 0] 36 2| 1600 1600 1400 | 81.5 gousula
138 | 386 1| 24 2| 1600 1600 1200 | 51.5 gausula
1391 295 1| 37 1| 1600 1600 1200 | 484 gousula
140 | 395 1| 24 2| 1800 | 1800 | 1600 | 47.9 gausula
141 | 376 1 8 0| 2000 | 2000 | 2000| 403 A

182 | 468 0| 26 1| 1600 1600 1400 | 30.6 gausula
143 | 421 0 9 0| 2000 | 2000| 2000| 46.5 A

144 | 408 0| 29 1| 1800 | 1800 | 1600 | 60.3 gausula
1451 299 1| 31 1| 1600 1600 1400 | 43.9 gousula
146 | 381 1] 26 3| 1800 | 1800 | 1600 | 73.2 gousuls
1471 224 2| 37 1| 1600 | 1600 | 1400 | 64.9 gousule
148 | 225 2| 27 1| 1700 | 1700 | 1500 | 56.8 gousuls
149 | 259 1| 31 1| 1600 | 1100 | 1400 | 475 gousula
150 | 3¢ 1| 36 1| 1600 1600 1400 | 41.7 gausula




77579 Yayavenannisandulamefie@asin uaruiugrudeya (Normalization)
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No. Oil Age Visual | Winding insulation Load Condition
1 0.8453 | 0.8822 | 1.0000 1.0000 1.0000 1.0000
2 0.8450 | 0.8632 | 1.0000 1.0000 1.0000 1.0000
3 0.9098 | 1.0000 | 1.0000 1.0000 1.0000 1.0000
4 0.8450 | 0.8632 | 0.8641 1.0000 0.9536 1.0000
5 0.8463 | 0.3739 | 1.0000 1.0000 1.0000 1.0000
6 0.8664 | 1.0000 | 1.0000 1.0000 1.0000 1.0000
7 0.8450 | 0.4160 | 0.8641 0.6555 1.0000 0.7059
8 0.7298 | 0.4160 | 0.8641 0.7743 1.0000 0.7059
9 0.8471 | 0.7540 | 1.0000 1.0000 1.0000 1.0000
10 0.3250 | 0.4160 | 0.8641 0.8450 1.0000 0.4706
11 0.6529 | 0.4160 | 0.8641 0.7150 1.0000 0.7059
12 0.3250 | 0.3250 | 0.8641 0.5850 1.0000 0.4706
13 0.8450 | 0.2036 | 0.8641 0.5127 1.0000 0.1765
14 0.8627 | 0.0984 | 0.8641 0.5850 1.0000 0.4706
15 0.8560 | 0.3250 | 0.8641 0.6555 1.0000 0.7059
16 0.6630 | 0.3250 | 0.8641 0.5850 1.0000 0.4706
17 0.6427 | 0.5850 | 0.8641 1.0000 1.0000 1.0000
18 0.0983 | 0.8450 | 1.0000 1.0000 1.0000 0.7059
19 0.0983 | 0.5850 | 1.0000 0.8450 0.9536 0.4706
20 0.3250 | 0.8632 | 1.0000 1.0000 1.0000 1.0000
21 1.0000 | 0.8471 | 1.0000 1.0000 1.0000 1.0000
22 0.3250 | 0.8450 | 1.0000 1.0000 1.0000 1.0000
23 0.3250 | 0.8450 | 1.0000 0.9922 1.0000 1.0000
24 0.0983 | 0.4940 | 0.8641 0.7566 1.0000 0.4706
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M5 Teyasanannsanaulameile@asin wazusugiuteya (Normalization) (sie)

No. Oil Age Visual | Winding insulation Load Condition
25 0.0983 | 0.3250 | 0.8641 0.7150 1.0000 0.4706
26 0.7871 | 0.1573 | 0.8641 0.5850 1.0000 0.4706
27 0.0983 | 0.3250 | 0.8641 0.6555 0.9536 0.4706
28 0.3250 | 0.0984 | 0.8641 0.5127 0.9536 0.1765
29 0.6154 | 0.8632 | 1.0000 1.0000 1.0000 1.0000
30 0.3250 | 0.8450 | 1.0000 1.0000 0.9536 1.0000
31 0.3250 | 0.3250 | 0.8641 0.7150 1.0000 0.4706
32 0.3250 | 0.3250 | 0.8641 0.5850 0.9536 0.4706
33 0.3250 | 0.3250 | 0.8641 0.6555 1.0000 0.4706
34 0.8695 | 0.8632 | 1.0000 1.0000 1.0000 1.0000
35 0.8450 | 0.8450 | 1.0000 1.0000 1.0000 1.0000
36 0.8479 | 0.8450 | 1.0000 1.0000 1.0000 1.0000
37 0.8450 | 0.3250 | 0.8641 0.0984 1.0000 0.1765
38 0.8450 | 0.3739 | 0.8641 0.7150 1.0000 0.7059
39 0.8575 | 0.8822 | 1.0000 1.0000 1.0000 1.0000
a0 1.0000 | 0.5850 | 1.0000 0.8632 0.9563 1.0000
a1 0.8450 | 0.5359 | 0.8641 0.8632 1.0000 1.0000
a2 0.8744 | 0.8822 | 1.0000 1.0000 1.0000 1.0000
a3 1.0000 | 0.3250 | 0.8641 0.8450 1.0000 0.7059
a4 0.7621 | 0.5850 | 1.0000 1.0000 0.9536 1.0000
a5 0.8450 | 0.3250 | 0.6793 0.5304 1.0000 0.1765
a6 0.8450 | 0.4550 | 0.8641 0.5850 1.0000 0.4706
a7 0.8450 | 0.2733 | 0.6793 0.8450 1.0000 0.7059
a8 0.8450 | 0.3250 | 0.6793 0.5850 1.0000 0.4706
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M5 Teyasanannisanaulameiledasin wazuuguteya (Normalization) (sie)

No. Oil Age Visual | Winding insulation Load Condition
a9 0.8450 | 0.3250 | 0.8641 0.7743 1.0000 0.7059
50 1.0000 | 0.2733 | 0.6793 0.4550 1.0000 0.1765
51 0.8627 | 1.0000 | 1.0000 1.0000 1.0000 1.0000
52 0.8450 | 0.0984 | 0.8641 0.5850 1.0000 0.1765
53 0.9098 | 0.5850 | 1.0000 1.0000 1.0000 1.0000
54 0.0983 | 0.0984 | 0.6793 0.3250 1.0000 0.1765
55 0.5850 | 0.3250 | 0.8641 0.4550 1.0000 0.1765
56 0.0983 | 0.3250 | 0.6793 0.3250 1.0000 0.1765
57 0.6212 | 0.0984 | 0.6793 0.8450 1.0000 0.4706
58 0.3250 | 0.2036 | 0.8641 0.8450 1.0000 0.4706
59 0.3250 | 0.2414 | 0.8641 0.3250 0.9536 0.1765
60 0.3250 | 0.1573 | 0.8641 0.8450 0.9542 0.4706
61 0.3250 | 0.3250 | 0.6793 0.5304 0.9536 0.1765
62 0.3250 | 0.0984 | 0.6793 0.4316 0.9536 0.1765
63 0.3250 | 0.5850 | 0.6793 0.5127 0.9536 0.1765
64 0.7522 | 0.3250 | 0.8641 0.5850 0.9536 0.1765
65 0.8648 | 0.4550 | 0.8641 0.0983 1.0000 0.1765
66 0.8534 | 0.2036 | 0.8641 0.7150 1.0000 0.7059
67 0.0983 | 0.0984 | 0.8641 0.5127 1.0000 0.1765
68 0.7103 | 0.2036 | 0.8641 0.5850 1.0000 0.1765
69 0.3250 | 0.4160 | 0.8641 0.7566 1.0000 0.4706
70 0.3250 | 0.3739 | 0.6793 0.8450 1.0000 0.4706
71 0.3250 | 0.4160 | 0.8641 0.7743 0.9536 0.4706
72 0.3250 | 0.4940 | 0.8641 0.7743 1.0000 0.4706




119

M5 Teyasanannisanaulameiledasin wazuuguteya (Normalization) (sie)

No. Oil Age Visual | Winding insulation Load Condition
73 0.8723 | 0.3250 | 0.8641 0.8450 1.0000 0.7059
74 0.8588 | 0.4550 | 0.8641 0.8450 1.0000 0.7059
75 0.7382 | 0.5359 | 1.0000 0.8450 0.9536 0.7059
76 0.8450 | 0.4160 | 0.8641 0.4550 0.9536 0.1765
77 0.7335 | 0.3739 | 0.8641 0.7150 0.9536 0.7059
78 0.8450 | 0.5850 | 0.6793 0.1118 1.0000 0.1765
79 0.8450 | 0.1573 | 0.8641 0.4550 1.0000 0.1765
80 1.0000 | 0.0984 | 0.6793 0.1689 0.9536 0.1765
81 0.5850 | 0.1573 | 0.4076 0.8450 1.0000 0.4706
82 0.5850 | 0.0984 | 0.6793 0.0984 1.0000 0.1765
83 0.3250 | 0.1573 | 0.8641 0.7150 1.0000 0.4706
84 0.0983 | 0.0984 | 0.4076 0.1118 1.0000 0.1765
85 0.8648 | 0.0984 | 0.4076 0.1118 1.0000 0.1765
86 0.6916 | 0.3739 | 0.8641 0.5021 1.0000 0.4706
87 0.6726 | 0.3250 | 0.8641 0.7743 0.9536 0.7059
88 0.3250 | 0.2414 | 0.6793 0.5850 0.9536 0.1765
89 0.8469 | 0.4160 | 0.8641 0.8450 1.0000 0.7059
90 0.7522 | 0.2036 | 0.8641 0.6555 1.0000 0.4706
91 0.8450 | 0.5850 | 1.0000 0.8450 1.0000 1.0000
92 0.8450 | 0.3250 | 0.6793 0.8450 0.9536 0.7059
93 0.3250 | 0.3739 | 0.8641 0.8632 1.0000 0.7059
94 0.3250 | 0.3250 | 0.8641 0.8632 1.0000 0.7059
95 0.8450 | 0.3250 | 0.8641 0.8450 1.0000 0.7059
96 1.0000 | 0.8450 | 1.0000 0.8450 1.0000 1.0000
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M5 Teyasanannisanaulameiledasin wazuuguteya (Normalization) (sie)

No. Oil Age Visual | Winding insulation Load Condition
97 1.0000 | 0.3250 | 0.8641 0.7743 0.9610 0.7059
98 1.0000 | 0.4940 | 0.8641 0.8450 0.9536 0.7059
99 0.8671 | 0.8632 | 1.0000 1.0000 1.0000 1.0000
100 1.0000 | 0.8450 | 1.0000 1.0000 1.0000 1.0000
101 0.7522 | 0.8471 | 0.8641 0.3250 1.0000 0.1765
102 0.8450 | 0.3250 | 0.8641 0.8632 1.0000 0.7059
103 1.0000 | 0.2733 | 0.6793 0.8450 1.0000 0.7059
104 0.8518 | 0.2036 | 0.8641 0.8632 1.0000 0.7059
105 0.8640 | 0.3250 | 0.8641 0.8632 1.0000 0.7059
106 0.8492 | 0.3250 | 0.8641 0.8450 1.0000 0.7059
107 0.8526 | 0.3250 | 0.8641 0.8450 1.0000 0.7059
108 0.3250 | 0.3250 | 0.6793 0.8450 1.0000 0.4706
109 0.5913 | 0.0984 | 0.8641 0.8450 1.0000 0.4706
110 0.7010 | 0.4160 | 0.8641 0.8450 0.3668 0.7059
111 0.6479 | 0.2733 | 0.8641 0.8632 0.9536 0.7059
112 0.6266 | 0.3250 | 0.6793 0.8632 1.0000 0.7059
113 0.3250 | 0.4160 | 0.8641 0.8450 1.0000 0.7059
114 0.3250 | 0.5850 | 1.0000 1.0000 1.0000 0.7059
115 0.9207 | 0.8632 | 0.8641 1.0000 1.0000 1.0000
116 0.9337 | 0.1573 | 0.8641 0.6555 1.0000 0.4706
117 0.8385 | 0.3250 | 0.8641 0.5850 0.9536 0.4706
118 0.7010 | 0.3739 | 0.8641 0.7743 0.9536 0.7059
119 0.3250 | 0.3250 | 0.8641 0.7150 1.0000 0.4706
120 0.6097 | 0.3250 | 0.8641 0.8450 1.0000 0.7059
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M5 Teyasanannisanaulameiledasin wazuuguteya (Normalization) (sie)

No. Oil Age Visual | Winding insulation Load Condition
121 0.3250 | 0.3739 | 0.8641 0.8450 1.0000 0.7059
122 0.8859 | 0.8450 | 1.0000 0.8632 1.0000 1.0000
123 0.8450 | 0.4160 | 0.8641 0.8450 1.0000 0.7059
124 0.8450 | 0.3250 | 0.8641 0.7150 0.9536 0.7059
125 1.0000 | 0.8450 | 1.0000 0.8450 1.0000 1.0000
126 0.6916 | 0.1573 | 0.8641 0.5850 1.0000 0.4706
127 0.3250 | 0.7150 | 1.0000 0.8450 0.9536 0.4706
128 0.3250 | 0.7150 | 1.0000 0.8450 0.9821 0.7059
129 0.8534 | 0.8632 | 1.0000 1.0000 1.0000 1.0000
130 0.8469 | 0.3250 | 0.8641 0.8632 1.0000 0.7059
131 0.8450 | 0.4160 | 0.8641 0.8632 1.0000 0.7059
132 0.8450 | 0.3250 | 0.8641 0.8632 1.0000 0.7059
133 0.8450 | 0.4160 | 0.8641 1.0000 0.9536 1.0000
134 0.8450 | 0.3250 | 0.8641 0.7743 1.0000 0.7059
135 1.0000 | 0.8450 | 1.0000 0.8632 1.0000 1.0000
136 0.9132 | 0.5359 | 1.0000 0.8450 1.0000 0.7059
137 0.9038 | 0.2414 | 0.6793 0.8450 0.7339 0.7059
138 0.8531 | 0.4940 | 0.6793 0.8450 1.0000 0.7059
139 0.8144 | 0.2036 | 0.8641 0.8450 1.0000 0.7059
140 0.8575 | 0.4940 | 0.6793 0.8632 1.0000 0.7059
141 0.8495 | 0.8471 | 1.0000 1.0000 1.0000 1.0000
142 1.0000 | 0.4160 | 0.8641 0.8450 1.0000 0.7059
143 0.8796 | 0.8450 | 1.0000 1.0000 1.0000 1.0000
144 0.8664 | 0.3250 | 0.8641 0.8632 0.9536 0.7059
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M5 Teyasanannisanaulameiledasin wazuuguteya (Normalization) (sie)

No. Oil Age Visual | Winding insulation Load Condition
145 0.8385 | 0.3250 | 0.8641 0.8450 1.0000 0.7059
146 0.8510 | 0.4160 | 0.4076 0.8632 0.9536 0.7059
147 0.3250 | 0.2036 | 0.8641 0.8450 0.9536 0.7059
148 0.3250 | 0.3739 | 0.8641 0.8495 0.9539 0.7059
149 0.6373 | 0.3250 | 0.8641 0.8450 1.0000 0.7059
150 0.8450 | 0.2414 | 0.8641 0.8450 1.0000 0.7059
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77579 N HeTUeIA1AUTUAUILVBIVARIALITIGITUNTIIA VAAIALITIGITUVAAIALIIAN

YABIALIIH1TUNTIIN wazAITzavanInug owlaslniranauduauiuvesvnain

wilaunUasluih
N Feulvvesngilefuuy Mamdani
If (H-G_Insulation is Very Good) and (H-L_ Insulation is Very Good) and
: (L-G_Insulation is Very Good) then (P-HI is Very Good)
If (H-G_Insulation is Very Good) and (H-L Insulation is Very Good) and
’ (L-G_Insulation is Good) then (P-HI is Very Good)
If (H-G_Insulation is Very Good) and (H-L Insulation is Very Good) and
’ (L-G_Insulation is Fair) then (P-HI is Very Good)
If (H-G_Insulation is Very Good) and (H-L_ Insulation is Very Good) and
* (L-G_Insulation is Poor) then (P-HI is Very Good)
If (H-G_Insulation is Very Good) and (H-L Insulation is Very Good) and
° (L-G_Insulation is Very Poor) then (P-HI is Very Good)
If (H-G_Insulation is Very Good) and (H-L Insulation is Good) and
° (L-G_Insulation is Very Good) then (P-Hl is Very Good)
If (H-G_Insulation is Very Good) and (H-L Insulation is Good) and
! (L-G_Insulation is Good) then (P-HI is Very Good)
If (H-G_Insulation is Very Good) and (H-L Insulation is Good) and
° (L-G_Insulation is Fair) then (P-HI is Good)
If (H-G_Insulation is Very Good) and (H-L Insulation is Good) and
’ (L-G_Insulation is Poor) then (P-HI is Good)
If (H-G_Insulation is Very Good) and (H-L Insulation is Good) and
v (L-G_Insulation is Very Poor) then (P-HI is Good)
If (H-G_Insulation is Very _Good) and (H-L_Insulation is Fair) and (L-G_Insulation
! is Very Good) then (P-HI is Good)
If (H-G_Insulation is Very Good) and (H-L_Insulation is Fair) and (L-G_Insulation
12 is Good) then (P-HI is Good)
3 If (H-G_Insulation is Very Good) and (H-L_Insulation is Fair) and (L-G_Insulation

is Fair) then (P-HI is Good)
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77579 N HeTUeIA1AUTUAUILVBIVARIALITIGITUNTIIA VAAIALITIGITUVAAIALIIAN

YABIALIIH1TUNTIIN wazAITzavanInug owlaslniranauduauiuvesvnain

yiewUadinin (sie)

N Feulvvesngilefuuy Mamdani

If (H-G_Insulation is Very Good) and (H-L_Insulation is Fair) and (L-G_Insulation
1 is Poor) then (P-HI is Fair)

If (H-G_Insulation is Very_Good) and (H-L_Insulation is Fair) and (L-G_Insulation
15 is Very Poor) then (P-Hl is Fair)

If (H-G_Insulation is Very Good) and (H-L Insulation is Poor) and
e (L-G_Insulation is Very Good) then (P-HI is Good)

If (H-G_Insulation is Very Good) and (H-L Insulation is Poor) and
! (L-G_Insulation is Good) then (P-HI is Fair)

If (H-G_Insulation is Very Good) and (H-L Insulation is Poor) and
o (L-G_Insulation is Fair) then (P-HI is Fair)

If (H-G_Insulation is Very Good) and (H-L Insulation is Poor) and
Y (L-G_Insulation is Poor) then (P-HI is Fair)

If (H-G_Insulation is Very Good) and (H-L Insulation is Poor) and
20 (L-G_Insulation is Very Poor) then (P-HI is Fair)

If (H-G_Insulation is Very Good) and (H-L Insulation is Very Poor) and
?t (L-G_Insulation is Very Good) then (P-Hl is Fair)

If (H-G_Insulation is Very Good) and (H-L Insulation is Very Poor) and
. (L-G_Insulation is Good) then (P-HI is Fair)

If (H-G_Insulation is Very Good) and (H-L Insulation is Very Poor) and
2 (L-G_Insulation is Fair) then (P-HI is Fair)

If (H-G_Insulation is Very Good) and (H-L Insulation is Very Poor) and
# (L-G_Insulation is Poor) then (P-HI is Poor)

If (H-G_Insulation is Very Good) and (H-L Insulation is Very Poor) and
2 (L-G_Insulation is Very Poor) then (P-HI is Poor)

If (H-G_Insulation is Good) and (H-L Insulation is Very Good) and
% (L-G_Insulation is Very Good) then (P-Hl is Very Good)
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77579 N HeTUeIA1AUTUAUILVBIVARIALITIGITUNTIIA VAAIALITIGITUVAAIALIIAN

YAAIALIIH1TUNTIIN wazAIszavanInuowlaslnirarnauduauiuvesvnain

yiewUadinin (sie)

T
=

Poor) then (P-HI is Fair)

N Feulvvesngilefuuy Mamdani

If (H-G_Insulation is Good) and (H-L Insulation is Very Good) and
! (L-G_Insulation is Good) then (P-HI is Very Good)

If (H-G_Insulation is Good) and (H-L Insulation is Very Good) and
2 (L-G_Insulation is Fair) then (P-HI is Good)

If (H-G_Insulation is Good) and (H-L Insulation is Very Good) and
> (L-G_Insulation is Poor) then (P-HI is Good)

If (H-G_Insulation is Good) and (H-L Insulation is Very Good) and
» (L-G_Insulation is Very Poor) then (P-HI is Good)

If (H-G_Insulation is Good) and (H-L_Insulation is Good) and (L-G_Insulation is
. Very Good) then (P-HI is Good)

If (H-G_Insulation is Good) and (H-L_Insulation is Good) and (L-G_Insulation is
- Good) then (P-HI'is Good)

If (H-G_Insulation is Good) and (H-L_Insulation is Good) and (L-G_Insulation is
» Fair) then (P-HI is Good)

If (H-G_Insulation is Good) and (H-L_Insulation is Good) and (L-G_Insulation is
> Poor) then (P-HI is Fair)

If (H-G_Insulation is Good) and (H-L_Insulation is Good) and (L-G_Insulation is
% Very Poor) then (P-HI is Fair)

If (H-G_Insulation is Good) and (H-L_Insulation is Fair) and (L-G_Insulation is
% Very Good) then (P-HI is Good)

If (H-G_Insulation is Good) and (H-L_Insulation is Fair) and (L-G_Insulation is
> Good) then (P-HI'is Fair)

If (H-G_Insulation is Good) and (H-L_Insulation is Fair) and (L-G_Insulation is
% Fair) then (P-HI is Fair)
% If (H-G_Insulation is Good) and (H-L_Insulation is Fair) and (L-G_Insulation is
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77579 N HeTUeIA1AUTUAUILVBIVARIALITIGITUNTIIA VAAIALITIGITUVAAIALIIAN

YABINLIIH1TUNTIIN wazAIszavanInuowlasiniranauduauiuvesvnain

yiewUadinin (sie)

T
=

is Good) then (P-HI is Good)

N Feulvvesngilefuuy Mamdani

If (H-G_Insulation is Good) and (H-L_Insulation is Fair) and (L-G_Insulation is
0 Very Poor) then (P-HI is Fair)

If (H-G_Insulation is Good) and (H-L_Insulation is Poor) and (L-G_Insulation is
. Very Good) then (P-HI is Fair)

If (H-G_Insulation is Good) and (H-L_Insulation is Poor) and (L-G_Insulation is
* Good) then (P-HI is Fair)

If (H-G_Insulation is Good) and (H-L_Insulation is Poor) and (L-G_Insulation is
43 Fair) then (P-Hl'is Fair)

If (H-G_Insulation is Good) and (H-L_Insulation is Poor) and (L-G_Insulation is
* Poor) then (P-HlI is Poor)

If (H-G_Insulation is Good) and (H-L_Insulation is Poor) and (L-G_Insulation is
® Very Poor) then (P-HI is Poor)

If (H-G_Insulation is Good) and (H-L Insulation is Very Poor) and
0 (L-G_Insulation is Very Good) then (P-HI is Fair)

If (H-G_Insulation is Good) and (H-L Insulation is Very Poor) and
* (L-G_Insulation is Good) then (P-HI is Poor)

If (H-G_Insulation is Good) and (H-L Insulation is Very Poor) and
¥ (L-G_Insulation is Fair) then (P-HI is Poor)

If (H-G_Insulation is Good) and (H-L Insulation is Very Poor) and
@ (L-G_Insulation is Poor) then (P-HI is Poor)

If (H-G_Insulation is Good) and (H-L Insulation is Very Poor) and
> (L-G_Insulation is Very Poor) then (P-HI is Poor)

If (H-G_Insulation is Fair) and (H-L_Insulation is Very Good) and (L-G_Insulation
>t is Very _Good) then (P-HI is Good)
5 If (H-G_Insulation is Fair) and (H-L_Insulation is Very Good) and (L-G_Insulation
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#7579 N HeTUeIA1AUTUAUILVBIVARIALITIGITUNTNIA VAAIALITIGITUVAAIALTIAN

YAAIALIIH1TUNTIIN wazAITzavanInusowlaslniranauduauiuvesvnain

yiewUadinin (sie)

N Feulvvesngilefuuy Mamdani

If (H-G_Insulation is Fair) and (H-L_Insulation is Very Good) and (L-G_Insulation
> is Fair) then (P-HI is Good)

If (H-G_Insulation is Fair) and (H-L_Insulation is Very Good) and (L-G_Insulation
> is Poor) then (P-HI is Fair)

If (H-G_Insulation is Fair) and (H-L_Insulation is Very Good) and (L-G_Insulation
> is Very Poor) then (P-HI is Fair)

If (H-G_Insulation is Fair) and (H-L_Insulation is Good) and (L-G_Insulation is
> Very Good) then (P-HI is Good)

If (H-G_Insulation is Fair) and (H-L_Insulation is Good) and (L-G_Insulation is
! Good) then (P-HI is Fair)

If (H-G_Insulation is Fair) and (H-L_Insulation is Good) and (L-G_Insulation is
> Fair) then (P-HI is Fair)

If (H-G_Insulation is Fair) and (H-L_Insulation is Good) and (L-G_Insulation is
> Poor) then (P-HI is Fair)

If (H-G_Insulation is Fair) and (H-L_Insulation is Good) and (L-G_Insulation is
%0 Very Poor) then (P-HI is Fair)

If (H-G_Insulation is Fair) and (H-L_Insulation is Fair) and (L-G_Insulation is
o Very Good) then (P-HI is Fair)

If (H-G_Insulation is Fair) and (H-L_Insulation is Fair) and (L-G_Insulation is
o Good) then (P-HI is Fair)

If (H-G_Insulation is Fair) and (H-L_Insulation is Fair) and (L-G_Insulation is Fair)
* then (P-Hl is Fair)

If (H-G_Insulation is Fair) and (H-L_Insulation is Fair) and (L-G_Insulation is Poor)
o then (P-Hl is Poor)

If (H-G_Insulation is Fair) and (H-L_Insulation is Fair) and (L-G_Insulation is
® Very Poor) then (P-HI is Poor)
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77579 N HeTUeIA1AUTUAUILVBIVARIALITIGITUNTIIA VAAIALITIGITUVAAIALIIAN

YAAIALIIH1TUNTIIN wazAITzavanInugowlaslniranauduauiuvesvnaln

yiewUadinin (sie)

N Feulvvesngilefuuy Mamdani

If (H-G_Insulation is Fair) and (H-L_Insulation is Poor) and (L-G_Insulation is
% Very Good) then (P-Hl is Fair)

If (H-G_Insulation is Fair) and (H-L_Insulation is Poor) and (L-G_Insulation is
o Good) then (P-HI'is Poor)

If (H-G_Insulation is Fair) and (H-L_Insulation is Poor) and (L-G_Insulation is
% Fair) then (P-HI is Poor)

If (H-G_Insulation is Fair) and (H-L_Insulation is Poor) and (L-G_Insulation is
* Poor) then (P-Hl is Poor)

If (H-G_Insulation is Fair) and (H-L_Insulation is Poor) and (L-G_Insulation is
E Very Poor) then (P-HI is Poor)

If (H-G_Insulation is Fair) and (H-L_Insulation is Very Poor) and (L-G_Insulation
& is Very Good) then (P-HI is Poor)

If (H-G_Insulation is Fair) and (H-L_Insulation is Very Poor) and (L-G_Insulation
B is Good) then (P-HI is Poor)

If (H-G_Insulation is Fair) and (H-L_Insulation is Very Poor) and (L-G_Insulation
" is Fair) then (P-HI is Poor)

If (H-G_Insulation is Fair) and (H-L_Insulation is Very Poor) and (L-G_Insulation
74 is Poor) then (P-HI is Very Poor)

If (H-G_Insulation is Fair) and (H-L_Insulation is Very Poor) and (L-G_Insulation
~ is Very Poor) then (P-HI is Very Poor)

If (H-G_Insulation is Poor) and (H-L_Insulation is Very Good) and
e (L-G_Insulation is Very Good) then (P-HI is Good)

If (H-G_Insulation is Poor) and (H-L Insulation is Very Good) and
! (L-G_Insulation is Good) then (P-HI is Fair)

If (H-G_Insulation is Poor) and (H-L Insulation is Very Good) and
" (L-G_Insulation is Fair) then (P-HI is Fair)
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YAAIALITIH1TUNTIIN wazAIszavanInugowlaslniranauduauiuvesvnain

yiewUadinin (sie)

T
=

Very Good) then (P-HI is Poor)

N Feulvvesngilefuuy Mamdani

If (H-G_Insulation is Poor) and (H-L Insulation is Very Good) and
” (L-G_Insulation is Poor) then (P-HI is Fair)

If  (H-G_Insulation is Poor) and (H-L_Insulation is Very Good) and
% (L-G_Insulation is Very Poor) then (P-HI is Fair)

If (H-G_Insulation is Poor) and (H-L_Insulation is Good) and (L-G_Insulation is
o Very Good) then (P-Hl is Fair)

If (H-G_Insulation is Poor) and (H-L_Insulation is Good) and (L-G_Insulation is
¥ Good) then (P-HI is Fair)

If (H-G_Insulation is Poor) and (H-L_Insulation is Good) and (L-G_Insulation is
° Fair) then (P-HI is Fair)

If (H-G_Insulation is Poor) and (H-L_Insulation is Good) and (L-G_Insulation is
. Poor) then (P-Hl is Poor)

If (H-G_Insulation is Poor) and (H-L_Insulation is Good) and (L-G_Insulation is
% Very Poor) then (P-HI is Poor)

If (H-G_Insulation is Poor) and (H-L Insulation is Fair) and (L-G_Insulation is
% Very Good) then (P-Hl is Fair)

If (H-G_Insulation is Poor) and (H-L_Insulation is Fair) and (L-G_Insulation is
o Good) then (P-HI'is Poor)

If (H-G_Insulation is Poor) and (H-L Insulation is Fair) and (L-G_Insulation is
% Fair) then (P-HI is Poor)

If (H-G_Insulation is Poor) and (H-L_Insulation is Fair) and (L-G_Insulation is
® Poor) then (P-HI is Poor)

If (H-G_Insulation is Poor) and (H-L Insulation is Fair) and (L-G_Insulation is
0 Very Poor) then (P-HI is Poor)
o1 If (H-G_Insulation is Poor) and (H-L_Insulation is Poor) and (L-G_Insulation is
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YAAIALIIH1TUNTIIN wazAIszavanInusowlaslniranauduauiuvesvnain

yiewUadinin (sie)

N Feulvvesngilefuuy Mamdani

If (H-G_Insulation is Poor) and (H-L_Insulation is Poor) and (L-G_Insulation is
7 Good) then (P-HI is Poor)

If (H-G_Insulation is Poor) and (H-L_Insulation is Poor) and (L-G_Insulation is
” Fair) then (P-HI is Poor)

If (H-G_Insulation is Poor) and (H-L_Insulation is Poor) and (L-G_Insulation is
7 Poor) then (P-HI is Very Poor)

If (H-G_Insulation is Poor) and (H-L_Insulation is Poor) and (L-G_Insulation is
> Very Poor) then (P-Hl is Very_Poor)

If (H-G_Insulation is Poor) and (H-L_Insulation is Very Poor) and (L-G_Insulation
7 is Very _Good) then (P-HI is Poor)

If (H-G_Insulation is Poor) and (H-L_Insulation is Very Poor)and (L-G_Insulation
7! is Good) then (P-Hl is Very Poor)

If (H-G_Insulation is Poor) and (H-L_Insulation is Very Poor) and (L-G_Insulation
7 is Fair) then (P-Hl is Very Poor)

If (H-G_Insulation is Poor) and (H-L_Insulation is Very Poor) and (L-G_Insulation
” is Poor) then (P-HI is Very Poor)

If (H-G_Insulation is Poor) and (H-L_Insulation is Very Poor) and (L-G_Insulation
100 is Very Poor) then (P-Hl is Very Poor)

If (H-G_Insulation is Very Poor) and (H-L Insulation is Very Good) and
o (L-G_Insulation is Very Good) then (P-Hl is Fair)

If (H-G_Insulation is Very Poor) and (H-L_Insulation is Very Good) and
2 (L-G_Insulation is Good) then (P-HI is Fair)

If (H-G_Insulation is Very Poor) and (H-L Insulation is Very Good) and
10 (L-G_Insulation is Fair) then (P-HI is Fair)

If (H-G_Insulation is Very Poor) and (H-L Insulation is Very Good) and
o (L-G_Insulation is Poor) then (P-HI is Poor)
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If (H-G_Insulation is Very Poor) and (H-L Insulation is Very Good) and
1o (L-G_Insulation is Very Poor) then (P-HI is Poor)

If (H-G_Insulation is Very Poor) and (H-L Insulation is Good) and
e (L-G_Insulation is Very Good) then (P-HI is Fair)

If (H-G_Insulation is Very Poor) and (H-L Insulation is Good) and
o (L-G_Insulation is Good) then (P-HI is Poor)

If (H-G_Insulation is Very Poor) and (H-L Insulation is Good) and
18 (L-G_Insulation is Fair) then (P-HI is Poor)

If (H-G_Insulation is Very Poor) and (H-L Insulation is Good) and
1 (L-G_Insulation is Poor) then (P-HI is Poor)

If (H-G_Insulation is Very Poor) and (H-L Insulation is Good) and
Ho (L-G_Insulation is Very Poor) then (P-HI is Poor)

If (H-G_Insulation is Very Poor) and (H-L_Insulation is Fair) and (L-G_Insulation
H is Very _Good) then (P-HI is Poor)

If (H-G_Insulation is Very Poor) and (H-L_Insulation is Fair) and (L-G_Insulation
He is Good) then (P-HI is Poor)

If (H-G_Insulation is Very Poor) and (H-L_Insulation is Fair) and (L-G_Insulation
H is Fair) then (P-HI is Poor)

If (H-G_Insulation is Very Poor) and (H-L_Insulation is Fair) and (L-G_Insulation
e is Poor) then (P-HI is Very Poor)

If (H-G_Insulation is Very Poor) and (H-L_Insulation is Fair) and (L-G_Insulation
e is Very Poor) then (P-HI is Very Poor)

If (H-G_Insulation is Very Poor) and (H-L_Insulation is Poor) and (L-G_Insulation
He is Very _Good) then (P-HI is Poor)
e If (H-G_Insulation is Very Poor) and (H-L_Insulation is Poor) and (L-G_Insulation

is Good) then (P-Hl is Very Poor)
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If (H-G_Insulation is Very Poor) and (H-L_Insulation is Poor) and (L-G_Insulation
He is Fair) then (P-Hl is Very Poor)

If (H-G_Insulation is Very Poor) and (H-L_Insulation is Poor) and (L-G_Insulation
H is Poor) then (P-HI is Very Poor)

If (H-G_Insulation is Very Poor) and (H-L_Insulation is Poor) and (L-G_Insulation
120 is Very Poor) then (P-HI is Very Poor)

If (H-G_Insulation is Very Poor) and (H-L Insulation is Very Poor) and
o (L-G_Insulation is Very Good) then (P-HI is Very Poor)

If (H-G_Insulation is Very Poor) and (H-L Insulation is Very Poor) and
12 (L-G_Insulation is Good) then (P-HI is Very Poor)

If (H-G_Insulation is Very Poor) and (H-L Insulation is Very Poor) and
12 (L-G_Insulation is Fair) then (P-HI is Very Poor)

If (H-G_Insulation is Very Poor) and (H-L Insulation is Very Poor) and
e (L-G_Insulation is Poor) then (P-Hl is Very Poor)

If (H-G_Insulation is Very Poor) and (H-L Insulation is Very Poor) and
o (L-G_Insulation is Very Poor) then (P-Hl is Very Poor)
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AEILUILNTUATYY Python — Jupyter Notebook d@usunisimeaniminvesunasUadely
Tumsuszdivaninmsiowdashililn medslaseiedseanmiiey (Artificial neural networks :

ANN)

>> import numpy as np
>> import pandas as pd
>> df = pd.read_excel("Data_ANN_Thesis1.xlsx")
>> df.head()
>> df.columns
>> cols = ['Oil, 'Age’, 'Vis', 'Ins', 'Load']
>> row = ['Cluster’]
>> X = dffcols]
>> Y = dffrow]
>> input_value = np.array(X)
>> input_value.shape
>> output = np.array(Y)
>> output.shape
>> weights = np.array([[6],[5],[9]1,[6],[10]])
>> bias = 0
>> def sigmoid_func(x):
return 1/(1 + np.exp(-x))
>> def der(x):
return sigmoid_func(x) * (1 - sigmoid_func(x))
>> pred = np.array([3.324 , 1.75 , 3.18 , 0.378 , 3.408 ])
>> result = np.dot(pred, weights) + bias
>> res = sigmoid_func(result)
>> print(res)
>> print(result)
>> for epochs in range(1000000):
input_arr = input_value

weighted sum = np.dot(input_arr, weights) + bias
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AEIlUSLNTNANYI Python — Jupyter Notebook d@nusunismiainutinuesusazadeily
Tunisusefivannmiondasiniln aae3slassnausyamiien (Artificial neural networks :

ANN) (519)

first_output = sigmoid_func(weighted sum)
error = first_output - output
total_error = np.square(np.subtract(first_output,output)).mean()
#print(total_error)
first_der = error
second der = der(first_output)
derivative = first_der * second_der
t_input = input_value.T
final_derivative = np.dot(t_input, derivative)
#update weights
weights = weights - 0.1 * final_derivative
#update bias
for i in derivative:
bias = bias - 0.1%i
>> w = weights/(sum(weights))
>> print(weights)
>> print(bias)

>> print(w)
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Abstract

Distribution transformers are important for the comnection
between electricity service providers and electricity consumers. The
breakdown of the transformer will inevitably affect the service users
and other equipment in the distribution system. Most of the breakdovwns
occur from the deterioration of the insulation inside the transformer

which comes from the heat inside the transformer of the power

distribution. This research studies the relationship between load,
unbalanced load, and temperature m the 33 kV distribution transformer.
The methode are meter installation to measure the load and the use of
thermal imaging cameras to measure the temperature value of
4 trangformers. The obtamed data can be vsed to find the relationship
test and can predict the increase or decrease of load and unbalanced
load that will affect the temperatare of the transformer. The results
showed that the Toad has a positive relationship and more influence on
the transformer temperature than the unbalanced load. The relationship
equation shows that the transformer temperature tends to increase
rapidly during the load mnge greater than 70% and the unbalanced load
will affect the transformer temperature rise when it is greater than 40%.
The error test of relationship equations based on the test transformer
data showed that the mean error was 3.25% and the emror standard

deviation was 1, 74%.

Keywords:  Distribution  Transformer,  Relationship  Equation,

Transformer Temperatare
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