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ABSTRACT

The propose of this research present a comparative study of the Reliability
Improvement of Electrical System for Electric Mass Rapid Transit Train which
describes in term of the power supply efficiency including voltage imbalance that
could indicate how much the electric power quality is being more or less.

The electrical system to be used in the Mass Rapid Transit system has 4 types
of connection between three (3) phases of Metropolitan Electricity Authority (MEA)
transformer and station transformer which is Single phase, V-Type, Scott and Le-
Blanc to be considered for the different transformer connections type could be
carried out and resulted in the most unbalanced in power supply as well as properly
solution for power supply mitigation of voltage imbalance.

From foregoing, the data analyst was discovered that a single phase
connection could cause the most unbalance voltage but on the other hand Le-Blanc
connection is the least unbalance which could be reduced the impact on the Mass
Transit Train and increase the credibility of consumers in order to continuity

implement service usage.

Keywords: Reliability Improvement, Voltage Imbalance, Mass Transit Train,

Transformer Connection
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Uszinadlu vinnswanlagusem J-Trec lnelisgazidenusznaunil

A 2.8 dlagasalnihvudenas

AN5199 2.1 KER9IEAZLDEAYBITUINSa IThvudIaTu

Vilnan (Ae.) 2016

ANUNINGIUED 1435 3.

wassalnih 877 21340 x N9 2998 x g4 3885 .
ANNIS IR 80 N3/ .

ALl 750 VDG, Fulwihanseitany
haNDLNDS IGBT Inverter control, AC Traction motors

(22)




: ®

A-Car C-Car A-Car

2wl 2.9 asRUsznauvesruusalwihuudsway

2.5.2 dwuruausaluihvudenasuvadasanissaluihaediacdy 1 vuw oz
Usznauluiae 3 dlaeens § 2 suuuuldunduuu A uazduuu C fseazidendial

2.5.2.1 Alaga1suuy A-Car 9zinqefiu 2 dlagarslagazagludiunus

14 4 1'% o a

duntuazdumvdaassuiuse lneneludlagasuuy A-car azll
wesrudusalwihuazuaimasszuutuindeaulwiatdie

2.5.2.2 glagarsuuu C-Car aglutuazliliviesautunazuawmasduinou

ufazfnneszuuundedrendanulni uazszuuuiueinia uag

STUULLEEINS

o

An# 2.10 Yuausalnthvudesuasuy Tassnissalihanedtng
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2.5.3 BANNISHNIUVa9rUusa i vudeutasy azsunswulnihnsewansavunn
750 VDC 1$3n1gulusag A 3asagianuiuuasamuving v suuIusanevun 3ntuvinns
wlasdulwinszuaadu 3 wadwmsuluiaesdiauamastundau wazluaneTriuszuulni

aeluruiuse wusasuazviaoaln Wudu

S

{utomaic |} BraKing RESISIO oot
{T@inContrl...J 1
o Traction

!‘ Control S:;nals verter
! .................. Brake
Master Controller Traction Container Curment —
Traction i . = Lie st High Speed
Controj ! — . Cireuit
Unit e o+ = Breaker
interface o |~ &
Other systems Speed 3 2
: Signal Lrhase |2 Main
1l ac 3 Power
| R Switch
Brake |
Control |
" | K | curen
i : SR Collector
i Motor =750V DC
| .
i { 9—=- Shop
@ Power
Brake Unit Doors Load Sensor Wheel =750V DC

AN 2.11 RANNISVUVDIVUUSA ITnvudsuasy

A# 2.12 Collector shoe yivitinsunseualnithansrsanuunuuusalwilive g

[V J o 4 Y
nuAvAmeanestulnaauuaz Ignulwihnneluvuause
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Insulated Cover

Current Rail

Fixing

Shoe on train

AN 2.13 51982128 VB9519IaNY

26  dlevanssalvihvudanavunasnended
2.6.1 glagassaluihvudwavuvasiaseinissalnihuaswended 2 suuuu ldud

Wuu City line & 3 @lagans uAZWUU Express line i 3 dlagasuas 1 diunise

DESIRO Class 360/2

£ EXPRESS LINE

il 2.14 dlaganssalnihueswanaed
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AWH 2.15 9AUTENBUVBIIUIUSA TN NanAIA

2.6.2 yuusaluihvudanavuvadasinissalwiliuesnanaed 1 vudu az
Usznauludoe 3 dlasansuuu A wazuuu C adefuzuiuusalwiiuviuns Aegusnuass
Sldla &’;

aavheaziludifnnwawesinihdundoul fdwugasinansasiansinuwwilnnsmvinuling

Y

Funszualwiheguudumelwinuuwsuausaietsnldunigluvuau

szuun1seinihlnulasenissalniiuasnanaen s19 3 azsulninnszuaaau
W59 25 KV H1ufwnuInnsiiiaununUawsenunas lgeuntglusuusalnili fa

WU 2.14

69 KV incoming hne 1 69 kY mconung Line 2

ne ne
| e three phase
ne ne single phase system
sgl&lt‘ rl‘naﬂ“ uﬂe rha-ag

.r
4

A9 2.16 wauran1sagluihlilassnissalwitueswenaea
fanvasnw http://\opeka-ee-room.blogspot.com/2014/10/bts-ac-25-kv-single-phase.html
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27 anulisugavasszuulnia
ANuaNnavausulwiiaanusulwinssuaaay Wiawausanuszuulwih
3 wavaansiwihudsnzlvunauazyuudazmauintiu Tnsudasinaazyinygumineiu 120 asen
Y ' = o w = . o =
widnnwuauasydluudazativualivinfuazninesfnnulisuaavesszuulnih &
a13dwmalagnssiaaunsaln gy wu wawaslniaiuwaniglulssuliaiianiiae
wssnulilisugaszlinszuaauluaduamasiludusuundazlufiuaunauimingdina

Tiwawesiinutauasiiaanuiaugs waavinlisawmaslasuanudengla

a) symmetrical Phasor Diagram of ac. Vollage b} Asymmetrical Phase-to-Phase Voltage

AN 2.17 lawasvaanssnulnihnsanumanuuaugauasuuuliauna

fiunweanw http://eelabb.blogspot.com/p/lab9.html

2.8 drulsznauauuInsvesszuuinia 3 e

2.8.1 dquUsznauaiiuuan (Positive - Sequence Component) U180 4

duUsEnaUNNVIAWInAUNG 3 e wazdiyaneiu 120 a9

1 30 T
120 ¥ al

|
\_xf--\ //’

|

mwﬁ 2.18 Positive Sequence Component

fanvasnm http://eng.rtu.ac.th/files/EPSA/CHT.pdf
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282 d2uUsenauainuau (Negative - Sequence Component) #4181 4

dauusenaunlvunauazyarneiu 3 we uaziliyusneiy 120 290

ATNY 2.19 Negative Sequence Component
fanvasnm http://eng.rtu.ac.th/files/EPSA/CHT.pdf

283 d7uUTNaUAIAUAUE (Zero - Sequence Component) #3118 {4

IS '

dauusznaunivuawintun 3 wa Suazliyuiranawiniueud

9

AN 2.20 Zero Sequence Component
fianvasn httpy//eng.rtu.ac.th/files/EPSA/CH7.pdf

29  wWesiwuddaUsznauwssiuliinldauna (%VUF)

%VUF &§au131n Voltage Unbalance Factor %ﬁgﬂﬁamiﬂﬂ IEC (International
Electrotechnical Commission) d@1u1saa1uraldannansidauseninaussiulniiaiduau
(Negative Sequence Voltage) AunsiaulWil181duuan (Positive Sequence Voltage)

ANUAIAU 198ENNITAATUIUAAINEUNTT

Vneg
x100 (3.1)

Vpos

%VUF =

(28)



W  %VUF fa Ausznauansliisunaussiulnii
Veos A9 wssnulnihauunsanauwmauan

Viee A9 ussnulnihduunasaauaau

AT 2.2 AMUNINSZIU (EEE 1159-2009)

Categories T}_pi:é'l}_l :E:tﬂr al Typical duration T’gj:;;::ﬁgge
1.0 Transients
1.1 Impulsive
1.1.1 Nanosecond 5 ns mise <50 ns
1.1.2 Microsecond 1 u= rise 50 ns—1 ms
1.1.3 Millisecond 0.1 ms rise > 1 ms
1.2 Oscillatory
1.2.1 Low frequency <5 kHz 0.3-50 ms 0— pu
1.2.2 Medium frequency 5-500 kH= 20 ps 0—8 pu
1.2.3 High frequency 0.5-5 MHz b us 0—4 pu
2.0 Short duration variations
2.1 Instantaneous
2.1.1 Sag 0.5—-30 cycles 0.1-0.9 pu
212 Swell 0.5-30 eycles 1.1-1.8 pu
2.2 Momentary
2.2.1 Intermuption 0.5 cycles—3 s <0.1 pu
222 Sag 30 eveles—3 s 0.1-40.9 pu
223 Swell 30 cveles—3 s 1.1-1.4 pu
2.3 Temporary
2.3.1 Interruption 3 5—1 min <0.1 pu
232 Sag 3 5—1 min 0.1-0.9 pu
2.3.3 Swell 3 5—1 min 1.I-12 pu
3.0 Long duration variations
3.1 Interruption, sustained = 1 min 0.0 pu
3.2 Undervoltages = 1 min 0.8—0.9 pu
3.3 Overvoltages > 1 min 1.1-1.2 pu
4.0 Voltage imbalance steady state 0.5-2%
5.0 Waveform distortion
5.1 DC offset steady state 0-0.1%
5.2 Harmonics 0-100th H steadv state 0—-20%
5.3 Interharmonics 0—6 kHz steady state 0-2%
5.4 Notching steady state
5.5 Moise broad-band steady state 0-1%
5.0 Voltage fluctuations <25 H=z intermuittent 0.1-7%
7.0 Power frequency variations <10 s

17'im http://www.powerqualityworld.com/2011/03/power-quality-problems.html

210  wansgmunMsiiaauliaunavauseaulnii
ANNAASZIN IEEE 1159-2009 dinnsimiualasitudavasuseiulninlsisugadnd
A19891919 0.5% BuluuddiAalitiu 2% lneauisaglinl a191e9 2.2 aananualaziingg

nvuadagalidimnusedulwihbisugaifiavuiu 2% alududlénuazdesanvuiaiiin
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waLMaTas BnAvegIudL niaussulianna 1% dunsaldnuuawmasianuund wdnin
wsswulsiaugaiisaudu 3% wdosmnmuiniiaveswamasauvdo 90% vaswuniiaund
uighussiulsiaunaiatudu 5% fazdesinisanfitnvewawmaslwihauvaasansn 39
TnsunfudaliinnsTdouuaimairofminussiuliaugaagi 5% Weswnatvasiiliveines
Infhanswanaanudenield wsizuseiulninliaugasziinanssnudedmamasinil
anuailRaamudeutuniely Tnediunaunan Negative Sequence Current atdngn
wawasinludnuuaniliussdnveswawasinauldbiviuyszansawnsz
AuiMENIEarUELANSTIuUnG wnUdesluEes qfonavinlviinanudenetuiu

wawwasiininanlgnuld awanslunsininig 2.20

120% -

100%: 4

% Expected Temperature Ase
&
l_":l

3 4
% Violtage Unbalance

=]
Pl
o
L]
-

Al 2.21 Relationship between %dmbalance and Temperature rise

1‘7im°l|a\1mw http://www.powerqualityworld.com/voltage-unbalance-power-gquality-basics.html

AN 2.22 n3mENTIOUTYRINBINRsTIanaL B nusRuliduna
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211 Fasnansznuvsearudssainnainanaliaunavesuseivluii
2111 aasdansqunsallwihudavilavilFaugatueaama
2112 fsangvaavieviansfisiountapnididuasmaun
2113  avndeuyanuaussUlin I ianuduius U snaa
2114  windaudasviegnideudelwihve squnsalldfianuuiumun

uazagluanwmagiaue

212 viiauuasluiiaiglusies Traction Substation
wifouladlwiihvesaniilvihduindouoiduduiifinnuddny wsziludunied
Iuludansivinislunisifiusalniin wdeulaslwihaumausenauludesasinufadu
Ugugiiimihiifunssualwihussiugadnandewinnisanussiuaadiunssiumludunie
2% luvazReafundisuasionsesimihiiiausswiulddesuiulnenss udlius i

HUMIAUUFU AL RN LI R NIN ALY RED T

niowlaslwihusznauludeasdfsy 3 dw laun
1) Core wisauny fanwaiuwiuuigniadaudsauluiswa giuEend

AN RERIT)

2)  waawmAddl Wingding) anwaziluvaainnasuninsaagliisugniiudae

auuls nrelundawdadinilnazusenauluflevnan 2 slialann vaana uUsundl

o9 Y

(Primary winding) uasunaAMMUNRAEAI (Secondary winding)

o A

3)  auau (nsulation) inthddgAetasiuliilivnainvewmiiouvasdudisagn

[

1%

doumidunnuwian waztosiulilunalnudazdrudusaaanula

niawdasinindinasldeululszwmalnenauiinusesnldidu 2 agreldun wila
udaslnineiia 1 e Single Phase Transformer) wagsusioudasininuiia 3 wa (Three

Phase Transformer)

1) vdfoudadlwihwiia 1 wa Usznaulufevnataiiuugundl 1 ya uazwnadn

wnRena 3 Ya Tiuszuulvih 1 wia denawin 2.21

9
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AMA 2.23 Single Phase Transformer
17'i3.l'1°ua~‘imw https://sites.google.com/site/pranget58/home/chnwn/chnid-khxng-hmxpaelngfi-fa

2)  wiisuwadlwiheiia 3 wa Usznauludevnaindmuugunianuau 3 ya uaz
YARINAUNABY AU 3 ¥a lagszuulnili 3 waazgnirunldaunielulsenu

ansvnssAviTemaEnuUUsEnaun1sideInsiddlunianuatesge denini 2.22

A1# 2.24 Three Phase Transformer
17'i3.l'1°ua\‘imw https://sites.google.com/site/pranget58/home/chnwn/chnid-khxng-hmxpaelngfi-fa
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nmsaeudloudasiwihidiussuulnwihauma aziiFsnisithueanludulgugs uag
dunRegiviseanidu 2 wuu ldun n1sdauuuen3adnis (Wye or Star connection)

vsanIsAauuLmani (Delta connection)

1) nMssiBuuUAai (Delta Connection) YnanazaaidndenulusuuaynsuNas
Un 1Inenav01uUa18va9idanladnan 1 1N IUALYIviIdawUasfaN 2, ANUURU
v ] o o Yy A& v ) v o o Oy ¥
Aulatevandonladnaf 2 [NV AUV ML LUAIRIN 3, AVIRIUUaN8VD LD
wlassianasdafiutiduduvemdoudaian 1 lnggadasaumng 3 azdawdriuunasdnglu

N15ADVAAINLUULAAALEAIAINING 2.23

£,

AN 2.25 N1SLVBUADUUULARAT

T

Vline-line

line-line

AT 2.26 wseulninNseluLfaz unaInuULAanI

nsfavdawlasiWiuuunadn A1511N15M5daUYI Polarity Yasvnalnufas e
Aeun1siluldnu Weswndddurundlamaniiainisdeligndesiasinlifanssusla
HUNUIUES
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2) NMSABUUUNEKI0EANS (Wye or Star Connection) ussaulnihinnasauszwing
YnUINSEaRdU Vine-line) azlivunawinnuwsenulnihlussuvanuwsg daunseaulwiny
ANATDUTTNINVAANLABLLHUNUAIYNIM TD AT AVUIAMNNULAENUSEIUIINNHBIVBE Y

) ' v ' ¢ v a ' @ v
YDIUTIRUTENINVAAINFDUNY NITADUUUEAITUAAIASIUN 2.25 uazuanerssnulnin

soluusiazunanfagun 2.26

ANA 2.27 ASLTRUABLUUEANS

\

line-line

A 2.28 ussnulwihnselunsazvaalawuuanns

nsfuussiulwinanamanansiniiniesnldsunnelulasinise Tufiussgeisl
nsleuiiluagluussmelne Huduseiu 115KV wazuseiu 69k dwmiuaaniilviniiting
AnnamdisulauilaulasussiuFent armsluiszsu fvdiisuusedu 69 kv 91nnns
Iwfhrsuazgninananussiuauvas 25kv Anmd 50 Hz wazluldenlussuuaedaves
salwihuaswandsdnaly

viansevemsiauuadluin 3 e aziinmsdendoulasivel¥uludsnuandi
fiu uazlinaaudiseiu Ineasnsauiseanliiu 4 sUsuu fewnsei 2.3 wenainigad

FHANINTFIUNTHR VAR lWnliauUadlnih 3w dennsiei 2.4
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A15199 2.3 nssaudiowladlniin 3 wid waznisunluldeu

foil | Fudgugd AunNAgNd nsiluldau
1 TRy \Aad Hlusnugpamnssy
2 A8 Gl Tl uasllunugnsminssy
3 Anng \Aad Tluszuuanedansegs
4 dn13 anns finnsldnudes esandyvaluding

M19197 2.4 IAsgIUNIsHYaaIntundiauUaslnih 3

_— . o Symibols Connections
0 onnection :
Famary | Zecondary | Pomary | Zecondary
B h ABC ahec
o0 A | LA | k8
0 ABC ahec
Yy0
PV#C a’ljm\c E'l!'! ahc
D0 | s A\c | aA, ol
B a ABC
Dy ﬁ%c L-_<|], ABC m
a
5 Yd5 A:BLC “<]h H.E m
a
Yo A.»-'L‘C l:\J:Ih Eﬁé
B Cr—a ABC
e | ATV |
Cw 2 ABC
b Yyb f&aﬁh(f E‘HEJE ,g%}g ahc
D6 | Ac| ¢ 7%
B h ABC ahec
Dyll | yAc | ¢
B b ABC ahc
| YAl L Do | R | i
T ABC | apec
Yall 4 Lo | oS | LK | SE2
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S o ' v v Y a = v Y a =t
UBNIINULIUNTIADNUBLUAUULABAN — IAARNUARLINATUY HAZUUULAARIUARUY
v Y a 2 v =t = v o o ' P '
fu - wadUaniieinu Funinenazldiuszuuninisdnelvaalvihanas wu Waaluszuy
Asunaanaduiiawnannisaangunsallwineanuieia vsenslindisuuasuunaingy
adealusasasgadeiunniiuluienasvuavemisuwUainanadendioulasuuuinadi

Wentlsinwiiaanisgegderdenunaala

| T
V=Vine.ine é
Viine-tine l A
VAAAJ \VAANS D
Y
AN 2.29 NISABLUULAARNUANTIANY — wadanilenu
V=Vline-|ine O
VAN UAN—) D
AN 2.30 NISHDUUULAANT — LAAANUANRIIATU
AN5199 2.5 MasknihanansadeinuldannnisiveussruumadUaniisnnu
Ugundl EERE maslwindesinula
waala 1 Ay wagla 1 Ay 87 % vasnnaniasinihuiiondaslnin 2
yaiuee
WAafn waduda 1 Anu 58 % vashinaniaslwivsioulaslnin 3
yaniuee
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2.13  1Usunsu Digsilent Power Factory

TUsunsy Digsilent Power Facroty 1ulusunsufilélunisnsiadaunasussifiua
Tuszuulwihings aansadoudoyadnluldfasgunmuas Text File uananiidalusunsu
Fearu1sald@nu @953 UUNISHAR STUVAIDET HID5TUUNITI MUY dudu

agnanssuls Wsunsu Digsilent Power Factory flduysgnaunsil

2.13.1  anuaunsaveslusunsy Digsilent Power Factory

- Load Flow and Fault Analysis of complete AC/ DC network
representation, meshed & mixed 1, 2 and 3 phase AC and/or DC networks

- Low Voltage Network Analysis

- Distribution Network Optimization

- IEC Cable Sizing

- Dynamic Simulation

- EMT Simulation

- Eigen value Analysis

- System Identification

- Protection Analysis

- Harmonic Analysis

- Reliability

- Production Planning

- Voltage Stability Analysis

- Contingency Analysis

- Power Electronic Device Modeling

- DPL User Script

- A/D Interfacing

- DOLE Interface for SCADA/GIS

- PSS/E & PSS/U Compatibility

- Multi-User Database

- Virtual Instruments

TWswnsuinanslmiiuiniianuauisalunisinsiziuselivaniizvaeszuulnmh
VHUUUAIAILAZUUUEIAS LA Taasialusunsy Digsilent Power Factory #3Usuuntitnnenis

LANINANIL
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e EEr)

il 2.31 wensvaslusunsy Digsilent Power Factory

Tt rait

Bl A EEEEES
Caonfiguration
fHE Library
Suztem
@ USER

|Pause| Lnl M4 ohject(s) of 4

il 2.32 wiie19vas Data Manager ildaAudayadi1eg

1 object(s) selected
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Factory 15.1 - far
il Fle Edit View

Inset Data Coleulation Output

¥ QAEP US| TEEE 5
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Edit and Browse Data i —mt:‘_: ? T @ EE
Activate — i | 0 [edbctonMoctines | 5] @ Q) 2
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Show Graphic v 2, L3 », %:::?“ . _
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= T Stendar s CNERORG)
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=I5 14141 | M Overview Diagrom OO |Standac okl o
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Gid Freece | Otho  Snen X= 11507 ¥= 167131 DBST30  1/10/2015 6:00:00 AM “Transmission Bamole

il 2.33 daudsznausnsauasiusunsy
2.13.2 drwdsznaudneeiulusunsa Digsilent Power Factory Sifsii
1) Title bar
2) Menu bar
3) Main tool bar
4) Drawing tool bar
5) Data Manager Library
6) Output window
7 Workspace

[

2.14  Yulderunugulundasig Main tool bar Usznausiedayansil

e New Database Manager \Yavija¢ing Data Manager
L3 ° o w 9 Ao
P* Calculate Load-Flow AN ImavasntadlWinlussuuauniagly

Study Case

¥ Calculate Short-Circuit AMIUNTELAAR9RTIUsTUUAuNagTy Study

Case

(39)



B - w ed
Output Calculation Analysis mmmaangﬂLLUUn'ml,ammaa'mwaawéwlé’

INNITATUIU

G Documentation of Device Data LLam%as&aswazLﬁﬂmﬁmﬁuqﬂnsni‘lwi'\h
Nauandlluszuu

* = o a 4
% Update database  1fladasn1slHiinA1n1s Set vasgUnsaliiuFsuuasly

Wasnnsawnily Update aslugrudoya

Reset Calculation  Reset AMNA4LA81%15UNISAIUIUNAIDINNITATUIUATY

angn

B select ToolBar \39n Toolbar Group 7145 Stability, Data Acquisition,

Harmonics, Optimal Capacitor Placement

B freeze Mode aswtisentsnansinlindwinnegunsaling uduasa
Yazyiilisnansaudluguld

=
™ Graphic options  dwFuiansiuniheeiilémansuin wu usneliusns 3

AN3A, Snap or Not, MaLdunsanusalyl

2.

Show layer... gwsuinanvudayanigg Ndawn1shiuaasuuntisensmin
LU Result, Object Name \Hudiu

'-;Brll" = - ] a '
Mark All Elements | 5an (Select) gunsalynAlnaguuniinaansmin 1oy

faen1s Move neszuuluusindu Wudu

o
Edit and Browse Data ygpsdauafaniaan (Selected) Tuniinaansiniln

Y L1

ialiminnsudludoya

(% color Representation 1dan Option Tun1sliuanuandsneg vuntiiae

ns i e waasdusaamlaisinnsanelwluas
10kY = . P a
Default voltage levels for Terminals and Busbars Luaasqqqgﬂiuﬂ %959

Ualunsiln TWsunsuaziiAiieglu Box Uluidudussiuvestatiu

ABC | Default Phase Technologies for Terminals 5921990 lun weailaly

nswin Wsunsuazidniagly Box Ululuanwavasaiu

¥
S v A

@ Drawing Toolbar Usigunsaiivugualdlunisadrawuudnaasszuulniniiae @

Y

Wanduldain Help)
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Terminal Tda3199alundalugaiouravasgunsallviin wiu Bus fidandl
i
Short Terminal  1¥a3199alundalugaeusavasgunsallvin i Bus 7
anilluih

o

Point Terminal 1¥a¥19galun@adugaausavasgunsallviin Tunsailliin

TouSaauiiduniaden

Disconnector T¥a¥1sadndluaaniiluiin viselussuuds ssuudmitng

£ External Grid  T¥a31qunasdnglinvasszuu 1anA Source 310 EGAT #3830
aanillwihwas PEA

v

General Load T¥&a519lnanvasssuu

1
T Shunt/Filter C  Tda319a1UnnasLuufavuIUssUU

T_.L

o

Line Tda$9aneds visageanuig

Fuse T¥a$1dad 1 Wadiisaaguian Line wonvasszuuiming

& 2-Winding Transformer ¥a$1aumfiaudasingsfigandlniln uazndiouvas
Y 22,33/0.4 kV

& 3-Winding Transformer #a31eudiaudasinasnidariilniuuu 3 vnanwadl

agluunsiiui

@ Auto Transformer 149519 AVR %38 Auto Voltage Regulator lussuuanwuing

215 @y
unillgiaueludiuvesiianianenfidanuieasludowaslasanssalndi
Tassnssalwinildussiulwihduindounssuanss uaslassnissalwinduinfounssussdu
wiiaulawussiulnih analisugavesussiuluiinnssusady whesnmmislninings Fdd
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