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ABSTRACT

This thesis presents a problematic analysis of the undefined occurrence of malfunction in
Rayong Combined Cycle Power Plant during the black-out test of the power system operation.

The strategy of the analysis is collecting the parameter of the electrical equipment in the
system in order to simulate such system using PSCAD/EMTP and compare to the experiment field
tests. This will proceed to a solution of a systematic problem. By observing, it is found that over-
voltage and the waveform distortion are occurred due to ferro-resonance phenomena in such system.
This phenomena is overcome due to a grading capacitance of the circuit breaker and a non-linear
reactance from an auxiliary transformer. The ferro-resonance phenomenon is not affected in damage
to the transformer directly, but degrading such transformer. However, the fault trip of the circuit
breaker come from the stray capacitance in the transmission line systems which is resulted in an
over-current in the generator’s transformer protection system and affected into an open circuit
operation of such circuit breaker. Therefore, this specific problem can be solved by reducing of the
stray capacitance in the system during the black-out test.

The results from simulation test and experiment field test show that the increasing of
inductive reactance in the system by connecting the reserved transformer and the increasing of
generator load result in the decreasing of system capacitance. In which, it leads to the completely

correct operation of the circuit breaker during the black-out test.

Keywords: ferro-resonance, black out, stray capacitance
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Ve = 3V, (0.866 + j0.5)
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y owda o D (2.26)
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2.5 Magnetizing Inrush Current [13]
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3.1.3 Hymlseliihmdsnuanudousiuszoos
TsaIWihwasnuanufousnszees ldimssaeungmisaithszuunduauganin
Und amusuissveans Tiihhendauisdszmalne Fasznamanagen ldwuilym fe
dedasestuiialii 1 @ itesrellvms No Load lU8adiods 230 kv dalunindi 3.5
Usinghadaddaneu Iriussgeirnuianainilaissesn (Circuit Breaker Open) 111197 laj

Yo &
ﬁuﬂiﬂﬂﬂﬁ@ﬂqﬂﬁniﬂ

Transmission Line
A

Disconnecting Swi ch

Main Bus

Disconnecting Switch =~

. | .i
Circuit Breaker [ P L]

N

GT#1 Generator GT#2 Generator ST Generator |
Reservie A i Transformer \_A_A_AL) Transformer |_a_A_ & Transformer \_A_A_A

Transformer ¥ I f Y ' | L

| z 4 r 4
S1G1IN / \ { \
GT#l | GT#2 ) | 8T |

Unit Auxiliary Unit Auxiliary Unit Auxiliary
I'ransformer F'ransformer | Transformer L

W

NN 3.5 Single Line Diagram Ya&NAf®®Y Blackout Restoration

dy Y ~ 4 @ o a ) )
namsasnaouluidesdunusiad unutlesdunseualwiiasdu (51GIN) iauds
a d o 1 a aa o 1
Yaaddagaanou liihusegeoon aznuhvaugnadeuiidesdalnanniontasd1seeiie
2 1 Y
Iu#hveeTse I (Reserve Auxiliary Transformers) aqtiudeiinsnadouiomaunaiosdu
vosilymiaana1d Taeliilaleeslulia (Open Disconnecting Switch) 1Audaiinisiielvdoin
9 [ d‘ Y (Y] d’ 1 1 a Aa R [

Moeuendounaduui Ue 230 kv aelunmi 3.6 Using i linuanudalng 3esmaiilymiens

mavinglnsal nihnelulse Wi
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Transmission Line
A

Disconnecting Stritch

Main Bus

—

Disconnecting Switch I(

Circuit Breaker

GT#1 Generator GT#2 Generator ST Generator
Reserve  \_a_AA Transformer Trans{ormer Transformer
Transformer I
SIGIN
GT#1 GT#2 Sl
i)
Unit Auxiliary Unit Auxiliary Unit Auxiliary
Transformer Transformer Transformer

PMWA 3.6 Single Line Diagram vaz3iimsaneg lihonaeuendeunduinintda 230 kv
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{ a I @ o { 4
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a 4 o a a Jdo o o L4
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Tfhuseguilanerseonivemmnnnaisaugalenufo
=\ 4 [ 9 a a o a
3.2.1 SrdszuvilesiundonlasdIihwnunszumiuasdu (S1GIN) fauranain 919

Rannmaidonanimuesginsaisidnnieindiognolud3iad uas laigunse Block 2
Harmonic Ia A339201 TAgMINaAaauInauIy

322 Aaanuiadnafinuinlfhvenfemlasdmsmniessuiialiilh  (Generator
Transformer) M 1¥3nszua 11#11%aa Ground as19a0u TagmsnaasumAaLIY

3.2.3 109 Inrush Current ‘ﬁﬁﬂauﬂaqt’?m'ﬁ’”mﬂ%‘imﬁuﬁﬂ‘lvifh (Generator Transformer) mld

a o a J
lﬂﬂﬂigl!ﬁQQﬁijﬂﬁ@UIﬂElﬂ'lﬁﬂ'la@\wg]}ﬁﬂiﬂi!lﬂﬁuﬂ@uW?m@ﬁ
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324 1ins1ngmisalnles 55 Tauuud (Ferroresonance) fintdloutlasdrseaiielnlves
15914 (Reserve Auxiliary Transformer) ¥nl#inaus sau uaznszua ihiidgunu asiaaen
Taomsiranadae Tsunsuneniunes

325 mananudulszqudsvesssuumedalunsa luli Tnaasdi1¥nsz Tl finge

o Y a 4
asveeU laemsdaosdle 1UsunsuARUN UADS

Transmission Line

!

Disconnecting Switch DS 3
Main Bus
Disconnecting Switch , Ds2 DS 1
Circuit Breaker
=|| /| BKR2 = BKR |
Grading Capacitor IHp IH"
= =7

Reserve \AAAY  GT#I Generator \_a A A )

Transformer | | Transformer Iv
SIGIN
Ciround Owver
LUnit Allxi|i}ll‘}f G I#1 Current Relay
Transformer ©7 | ' Generator

MNN 3.7 Single Line Diagram NIMANY

Y

33 ﬂ]ii’J‘U53“%@2&&/7‘”51%!9@%%!‘#83%i’N

3.3.1 Lﬂ?’e’]ﬁ Adia Tl (Generator) Turbine Generator “GEC ALSTHOM” Type T229-320,
Rated Speed 3000 rpm, Over Speed 3600 rpm, Active Power 101.37 MW, Power Factor 0.87,
Apparent Power 119.26 MVA, Rated Voltage 11.5 kV, Voltage Variation 5 %, Rated Current 5,987
A, Number of Pole 2 Frequency 50 Hz, Resistance 1.12 m Q, Impedance 0.31 QQ, Capacitance 0.42

uF favaaamnveanieanuia i luang 3.8
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M 3.8 a3eanuia i Tse Wiz enq

3.3.2 wieulasdmsunaseaduiia v (Generator Transformer) Oil Transformer “GEC
ALSTHOM” Rated 125,000 kVA, Voltage 241,500 / 11,500 V, Vector Group YNdI1, Impedance

15.60 %, Frequency 50 Hz faugasmnvesrdondasdmsumiessuialvihlunini 3.9

2NN 3.9 wileudlasdmsumseaiuiia Il

3.3.3 wioudasdrsesnie lidmsulse v (Reserve Transformer) Oil Transformer “GEC
ALSTHOM?” Rated 12.5 kVA, Voltage 230/ 7.2 kV, Vector Group YNynO, Impedance 10 %, Type

TTHRY, Frequency 50 Hz fauaaannvesnsiondasdrsesaeldmsuTsa Inih luamns 3.10
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M 3.10 naeandsulasdisesnns lldmsuTsa v

334 ﬁ%ﬂﬁgﬁﬂﬂﬂullWﬁWLliQQ’Q (High Voltage Circuit Breaker) SF, Circuit Breaker “MERLIN
GERIN” Type FA2, Rated Voltage 245 kV, Normal Current 2000 A, Frequency 50 Hz, Insulation
Level 425 kV, Impulse 900 kV, Grading Capacitor 2500 pF faUeadn nuesaIndinnou

Tz agalunnd 3.1

M 311 mwvesadadaaneu Tuimsege

o o o a
33.5 gunsaitlesiunszualuihi1a9@u (Ground over current relay) Ground Over current

Relay (51GIN) Type TAS1210H “ALSTOM” Setting I > = 1.2 A, tx = 0.3 anHULNINNIY
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. . o e 0 <
A3299UNIZLAN Neutral Y04 Transformer lUanYYy 1, +7, + 1, =0 narlumsianniluuny

Inverse Time AIUAALIUNIND 3.12

MMNWN 3.12 Ground Over Current Relay t¢ Time Curves [9]

-

mne

aEs
1

I

33.6 Mslwesvesmoderuin 230 kv Adeninlselvihszeesldeaniiluihusega

a9 1w d@ordl I fhwsegee1nln (ap-B)

Tfhussgetotu BWN) asluaisei 3.1

M99 3.1 MWN035 UDITEAIUUIA 230 KV

From Bus To Bus Line R | Line X | Charging | Rated -
Id Length YUAVDIFY
Name Name (pw) (pw) (pu) MVA
RY2-12 230.00 | AP-B 230.00 | 1 0.005072 | 0.037799 0.07729 429 51.795 1272 MCM ASCR
RY2-12 230.00 | AP-B 230.00| 2 | 0.005072 | 0.037799 0.07729 429 51.795 1272 MCM ASCR
RY2-12 230.00 | BKI 230.00| 4 0.00064 0.00703 0.02733 858.9 13.02 |2x1272 MCM ASCR
RY2-34 230.00 | BKI 230.00| 1 0.00064 0.00703 0.02733 858.9 13.02 |2x1273 MCM ASCR
RY2-34 230.00 | BKI 230.00| 2 0.00064 0.00703 0.02733 858.9 13.02 |2x1274 MCM ASCR
RY2-34 230.00 | BKI 230.00| 3 0.00064 0.00702 0.02733 858.9 13.02 |2x1275 MCM ASCR
RY2-34 230.00 | BWN 230.00| 1 0.00437 0.03354 0.06841 429 44.651 1272 MCM ASCR
RY2-34 230.00 | BWN 230.00 | 2 0.00437 0.03354 0.06841 429 44.651 1272 MCM ASCR

aoii s sgedusie (BKD)  uazanil



47

3.4 YUADUMSAUHUMS
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2)

3)

4)

mstraeeszuy liihde1dsunsy PSCAD/EMTDC

1.1) ms$raeeszunfuiteonsnaounisifa Irush Current
1.2) ms$raeeszun i uitensnaeunisiia Ferroresonance
1.3) m3traesszuy il uiioasavdeumsiiadufiulszques
MINATOUMATUIY

2.1) MsnaaeumIinuvessiad testunszualiihlvaasdu
2.2) minageumanuiiunuuveanioutlaslnih

2.3) manageuiadyana Ivihanmssaeunamsalase
minfseunamssiassszuy Iz namsnaasuainauy
3.1) Wssuisunavenszua lulih

3.2) Wssuisunaveusadu lnih
mavunnamsud i Iagmsmssiaesszuu InihdreTisunsuy
4.1) mssefmdmuigusiudwesiomlas RAT

4.2) madsuaniulszud s sduliih

4.3) msnlasusmnsiinesuesaiods

4.4) M3A0 Shunt Reactor N5211)

4.5) msnlasunnavewndonlasdiseatie vlvealse i

4.6) M3 Closed BKR 2, DS 2, noU Closed BKR 1 uaziny 1vian

3.4.1 m3ysaesszuy IihdreTasunsy PSCAD/EMTDC

'
A A 9 =

ideyavesginsal lWihfeades vazreesidnyniiassszun vihdae

T51n53 PSCAD/EMTP uaztiuiindayanaiii 18 @9 Block Diagram @410 3.13 ¥eez'l4

g9

{ o 9 o a J o a a 4
Tdsunsunlflumsdraesszuy ihdmsums iz imaungmsiinuianaiavesaing

damou TWflussgeuaziimsnaaen Blackout Restoration #alunind 3.14
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PN 3.14 Tﬂmﬂsuﬁmmszuﬂwﬂw PSCAD/EMTDC 311495 fANH1

3.4.1.1 mysaesszuulililuileonsiadenmsiia inrush Current
funssrasaudmasostuiialrihise luthuun15umse No-Load) 1
ﬁﬂ’auﬂm"lvmw Generator Transformer ﬁﬂumwﬁ 3.15 Iﬂ&l‘ﬁ
- 1%1)a2993 DS 1, DS 2 (Closed)
- 1%17A1995 BKR 2, DS 3 (Open)

- Fupwasoanwiia v
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C= o

- fuindayanamavinld

Gen. Transformer

125 MVA, YnD1

230015 kY

"l =156

Generator N \té__.k 3

2500 pF

- 7912997 BKR 1 91 agennia lnlihanag

Grounding Current

BKR |

2500 pF

el

o . ¥t
R=1.12ml 3% T

v

X=0.310

Co 0.42 pF Ya Yo

BKR 2

2500 pF

3¢
3¢

Reserve Aux. Transformer

12.5 kVA 23017.2 kV

YnYno
Y =10

Voltage and Current —- -~~~ D

=

2506 pF

MR 3.15 219953200 I uNeas19aeuMIna Inrush Current

Gen. Transformer

125 MVA, YoD1

IS RY

%l =15.6
Generator

10T MW, 11L.5KY

Grounding Current

BKR |

WHOpF 2500 pF

X=0.3101

= 0.42 F Ya Ya

Reserve Aox. Transformer

12.5 kVA 230/7.2 kV
Yn¥no
Yol =10

YNpAS
- @

To
y

ey o

T

Voltage and Current ==~~~ <l

BKR 2

L

500 pF 2500 pF

_/19_

T™

95 pF

M 3.16 219955200 I uNBA 19 @D UNTINA Ferroresonance
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34.1.2 mii‘immszuu”lﬂﬁuﬁﬂmnﬁ@uﬂmﬁﬂ Ferroresonance
Wmssraeuduaioasuiia i Iy 1iunse (No-Load) Hu
WﬁﬂlLﬂﬂﬂWﬁW Generator Transformer ﬁq"lumwﬁ 3.16 Iﬂfl‘ﬁ
- 1911a1995 DS 1, DS 2 (Closed)

1%11)A2995 BKR 2, DS 3 (Open)

Fuauasoaswia v

#41la29935 BKR 1 71 03r1m1a Inliheae

Tunndayanamaldihala

[ A a 1 3
3.4.1.3 mitaesszuy i uieoasnaeumsianunuilsz quds
Mnsiraeuamaiaenuia Iiare i wuulusunise (No-Load) #1u
1 a 4 1 H o
niioutlaa Wi Generator Transformer U#9£UNIT NI VBIABA WU UNBITDIAE Fa1U
r r
7NN 3.17 Tagh

- 1%1Ja12993 DS 1, DS 2, DS 3 (Closed)

1#11)2995 BKR 2, (Open)

Fuawasoaswiia lnih

7491197995 BKR 1

C= o

- fuindaanane i ld

Gen. Translormer

125 MV A, Ynldl
Generator EANILS kY
Yk = 156 . _—
o1 N LSk BER | Transmission Ling
PEOET Fay \Fln 140 Pl 500 pF MRy IMRY
gg I—( = [j]_lﬁl s 3
TEERETT] @ 3& A -~ —l-—’/ Load
X = Y%pl ' i
X= 0310l :_l: :_l: Stay Cagaiton I
=041 PF
Aot BKR 2

‘%E—D{‘_—' : 5 2
L |

Reserye Anx, Transformer ‘I‘ 95 pF

128 KVA ZMNT.2 kY
Yo Yoo
wLE=10

Y o § a 13
mwi 3.17 mshaesszuu i uiveasiedeumanaaunulsz quels
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342 MINaaouUMAdUIN
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Y o 1 S A 9 1 9 ] 1 S A 9 =
il%@]i’)ﬂ‘ﬂ1ﬂ15ﬂﬂﬁ@ﬂﬂ1ﬂ1ﬂ1ﬂﬂ1m9\m‘ﬂﬂiﬂlﬂ!ﬂﬂ:ﬁlﬂﬂﬂﬂu L‘Wi’)blﬁlluglﬁ]'JTQTJﬂﬁmT]LﬂfJ’J"U'EN?Jﬂ”I

1 I'd a 9 = a us/' A A o [ [ ~
pglununilnd uazlumsnaaevazdosiinisaaauniesiedadyiu liihawgasieg 2

=

fmuaiie 15 lumsulSoudiouiudyanui ldandrassszun T
o ~ 4 Y] a
3.4.2.1 Mminageumsmanuvessiad desdunseualvih lnaasdu
msnaaeumni lifhvesginsaiflessunszualihsraedu (Grounding
Over Current Relay) 51GIN i Relay #1914)09n Y Transformer Ground 7119 Time Over Current

[~ % Y = @ A
Lﬂu@’l“ﬂ@iﬂu Tagi995MINATOUAINING 3.18

Test Plug X63
TE+A
Single Phase

01

Current O 40
TAS1210H

Saource 12

~ 41
50 Hz

ERT Niﬁmsmaauqﬂﬂmfﬂmﬁuﬂsxuﬁ”lwﬁﬁ”maﬁu
‘f?l!ﬁ@l!ﬂ?ﬁﬂﬂﬁﬂﬂ
1) Operating Time Test at 50 Hz, 100 Hz, 18 150 Hz
1.1) Inject Current 200% =2.4 A & 400% = 4.8 A. 191 ﬁ Test Plug X63
1.2) Detect Signal Output Timer ‘ﬁ Test Plug X70 No. 03 - 04
1.3) YuNAHaA1uAI519 Data Test Report
Setting ﬁi%’qm
> =12 A
tx =0.3(Curve H)

MIAUIUNT Time
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Test 200%
T= MJr 10ms = 4.06Sec
2.4
-1
1.2
Test 400%
r=932%135 L 0ms = 2.035 Sec

e

' <3|
3.4.2.2 managoumanuilunuiuvesiemlasvidh
<3| o
Wumstamanudumunuiunszudassvaaltandondas i (Winding
Insulation Resistance Measurement) 1ag1dan99svosuaadalunaazyavesniontadn

Y [ d' d' Y [ = 1w 1 [ d'
Aadenu e Irussaunaaeviamnuluuaazlaauaasiasnageulunini 3.19

K LEAL:
Ow =
MEZZER o H2

O =0

Te=wed Trarsformer

Y @
AT AT AT T TR

MW 3.19 ’Nﬂiﬂﬂﬁ@UﬁTﬂ31Nﬁ1uﬂ1uﬂu’Ju

Y
1) awsssudmsunaaey muua l3deil
9 =\ v Aaw c?/’ 1 d? Y 4
1.1) 1vaadtanaasuliussdunnadans 3,300 v au'ld Iinaasudie
Y] I o ' ), i 4
1139aU 2,500 Vdec. Wunal 10 WIN tazfuIua Pl (Polarization index)
1.2) S1vaaranaaouliusaaunialnend 3,300 v aaw linaaoudie
o I =1
1399 500 Vde. (Huan 1w
o

Y
2) TufinA1guMNveIUARIN 0IMA LAZANNFUTUINS

3) manudumunnaudiganeensnld Autmeingas
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I p— 3.1)
kVA

A J 9 ~ a °
o R = MANUAUMURUIUNGUNIN 20 C ¥93UAAIN MQ)

Y
o

C = 0.8 dwsunmioutlasussgingiu

C = 16.0 @ wmSunienas Dry type, Compound filled viondoulasihiudedaly g
mi@ﬁywﬁu

E = USIAUNNAYDIUAAIA (Volts)
_ 1361 Line to neutral dmuniomlasfisonuy Star
~ 136 Line to line dvsunsionalasfisenin Delta

kVA = ﬂWﬁ\‘IWﬁ’ﬂﬂl’ﬂQﬁﬁjﬂ!Lﬂﬁﬁ (kVA)

A [ ] 9 d‘ dd’ 1 dd‘
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2 idwaiessuiialdih 1 & udriimadarcesvesaiadaaneu
4394 BKR 2 ienadeumsiaudanatavessdasaaneu lufusega

3) twlnnTsdliihiumedsldaaaiilifhusegalasvas ivhinada
29590 agdanou W 53g9 (Open BKR 2)

) o'l Tsd ldhiuaedaldgaaand TfhussqgaTasvazfivins e

299500 nddaneu 1Wihusags (Close BKR 2)

Recorder No.l Bus 230 kY

=

Main Bus 230 KV, Swirch Yard

—0—0—0
-o—o—0-

[

<<

T

Recorder No.2

v F4 )
M 3.20 YeAnaunIoslioiadyanaluih

343 mafSeunamstassszuu ihuazsamsnaaounaau

I o [ {
Wumsasedouranissiaosszuu A nlSeumeusumanldanmsnaasy
A g A W Y o 9

mamnuieilumstudunnugndesussmisitassszu e 11sunsu PSCAD/EMTDC

Y I 9 U

ez lmiudoyalumsmnuamaniand la

1) nSsumeunaveanszua lulih

2) nfSsuneunaveansaau v



55

3.4.4 mamwanamsud lulasnssiaosszuuIvide Tasunsy
) A 2 ) = o
hwan ldanmssiaseszun i uazwanmsnagoumaau AN AL RN
o a P o o o P o
naaeliulgamsimesuee1es Usulstuasumsnageunstiaoungnisal lrlihdu
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sagmaiszuunauAugdanizlnd udrimsizvnan 14 e ldlumsminuamaenisud luh
I a wva [ Y
'l 1aTumal§ialaelinmsnaasasil
3.4.4.1 MIgoadumunausIsud1veantonlasdrisesnie Invealse i nan
ANuAIUMUag dalunini 321 udihmsiraeadunieasudialiare vyl
@ [ a o 1 $
552 (No-load) Miuniioua)adlnil Generator Transformer taziwisiimas vosaeda Ingn

- 1%1Ja2993 DS 1, DS 2, DS 3 (Closed)

1#11)2995 BKR 2, (Open)
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7491)97995 BKR 1

L= (3

- Tuindaanane vinld
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wl
D00 C
]

Umec
12.5 [MWA]
Y Yo
T2

| Sh 45 Tohm

A
B
C

rwnld, ¥%E=986
T2.5 MWA 23007.2 KW
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3.4.42 manasuandulszquisssdnldihiaiaddanou lnilnssge BKR 2 4
Tunind 3.22 udimssaesauniesiuia lihae Iy 1isun1se (No-load) Hiuwile

=1 a 4 1 d'
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- 1%1Ja2995 DS 1, DS 2, DS 3 (Closed)

1#11)a2995 BKR 2, (Open)

Fuawasoadwiia v

7491/97995 BKR 1
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T2 45423 [uF)
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3.4.43 mandeumwisiiimefvesaedainissiasudunsesiuiia Il i
uuli$n152 (No - Toad) Fuwsfeutlas i1 Generator Transformer tazsinFHNAINT
Tinesvesmedslunsdioreluihiuanil s agadus Tasd

- 1%1)a2995 DS 1, DS 2, DS 3 (Closed)
- 1%11A1995 BKR 2, (Open)
_ Fudwaseasuiialwih

- #91)@2995 BKR 1
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- fuindayanamavinld

3.4.4.4 NM3@® Shunt Reactor Nizuuaalumny 3.23 inmssiasudunieaniia
Tldae T uuulisun15e (No-load)  #untoudlad'lni Generator Transformer tagil
a 4 1 d‘
WMINNDIVIEead lagh
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1#11)2995 BKR 2, (Open)
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3.4.4.5 malasuvnaveanioutlasdrsesne Inve s Ts e Iihimssasudunias
e llhoe iy 1iSun13e (No-load) Funsienilas1#lh Generator Transformer tazil
a 4 1 d'
MTNNDI VDI I9FA Iaeh
- 1%1Ja2995 DS 1, DS 2, DS 3 (Closed)

1#11)2995 BKR 2, (Open)

Fuawasoaswia v

7491)97995 BKR 1

- Tuindaanana vinld

3.4.4.6 M351507uA0U 1Ay Closed BKR 2, DS 2, noU Closed BKR 1 1101591804
winsoanuiia luihae I dumiteudaslnih Generator Transformer taziny Tvaa Tagh

- 1%1Ja2993 DS 1, DS 2, BKR 2 (Closed)

1%11)a2995 DS 3, (Open)

Fuawasoadwiialnih

7491197995 BKR 1

e Ivanving 1-2 MW

1%11A1993 DS 3, (Closed)

Tuindaanamaluihala
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luuninertinusi nandsmsnadymaselsedliiiwasuioususzens u
Y
serinmstiaeungms Wiy wazmsiiszuunduauganiizalnd weunanaiems
a 4 dy 9 o 9
Anseiaunaesdn lumsdraesszuyIihdaeTysunsy PSCAD/EMTDC tagmsnadol
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madun sesuiudessivrsudoya nazwindmosvosginsal Iihimeades laun 1n3oq
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aou IWihusegs ginsaiflosiunszualvsrasdu nazamnaiimesvesaeds finsnadon
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Aananvosaingaanou Ifhwsege Tasmsirassszunlwihdellsunsu PSCAD/EMTDC
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Hani1inaaou
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4.1 wamssassszuvlvthdalilsunsu PSCAD/EMTDC

4.1.1 Wﬁﬂ13’ﬁ166\1ig‘U‘Uthﬂ"IL‘ﬁ@ﬁi’mﬁﬂUﬂﬁLﬁﬂ Inrush Current

MNN 4.1

MNA 4.2

- =g -gsg

O ey - -] O At (- F ] LK . O da O A%

1159AUN Main Bus 230 kV
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0.30 4
0.20 4
010 4
= 0.00 -SSR
Py -010 4
-0.20 4
-0.30 4
-0.40 -

R G e

L
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Wan1591a04 nszuala Ia, Ib, Ic, 1A% In YD Gen Transformer
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MNN 4.3 wan131aeanszuae In A1 Secondary YD RAT

nnramsiaesszun Il uilensavaeuniaifia nrush Current nadsngdayaio
vosnszualdihfisraedl@udazgadanini 4244 Ge1fidn vazandyaauves
u33991 T Main Bus ﬁusqﬁu"l%lﬂwﬂﬁﬂ;ﬁ?uﬁﬂizmm 90 kv uaz liaugadu daami 4.1
usiile Closed Circuit Breaker nu1iian/nd naziiloshmssiassszuy i asnisdaladees
BKR 1 i osrnma ey warsingdr liwumsiia nrush Current faihilosnnindosfuiia
Iihdeasefuntondas il demmsiduniessuia lihzmiiousuiiunisdess iy
usesu llih I ueunsal naziflomTesiudialrihsims s llfhaudws sduditand Sada
Closed Breaker Gfﬂlﬂuﬂﬁ 0@ Transient Magnetizing Inrush Current ﬁ"lwaﬁ]m Source 11/§4vaaia

voavsouladlvih

4.1.2 wami{hamszuuWﬂuﬁamaﬂaammﬁﬂ Ferroresonance

MWN 4.4 1IFUAY 230 KV vandouasdrseane ldmsuTselnih (RAT)
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MNAN 4.5 158U 6.9 kv apandiouasdrsesne TudmsuTsalnih

= 3 o ¥ Y
1NN 4.5, 4.6 iTumsuaasraveussnu Irlihmiediu 230 kv nagn1esdiu 6.9 kv
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wijlunvvesdyananmieunuisazuanaiuiving tazieiimsilarvsvesaiagan
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Voltage) naziigunun liiludynna Sinusoidal 1110991n#815 1utia (Harmonic) dUALDUITY
QU QU d'

& =G ] o ' (4 A
UGV 2, 3, 4, 5, uaz 6 Yuidlousg dwaaslunini 4.7 nazdyaae: linldsugluvie

rau ] dalugii 4.8

Er=Top

~ . A @ 2 7
HNNN 4.6 Harmonic ‘lJil!mﬂﬂ‘]Ji’lﬂaﬂTﬁﬂ!ﬁ/\lﬂiiﬁlijcﬁltuucﬁ

= voltage RAT Phase B *

Woltage [Kv]
=]
[l
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M3 4.1 uaza1319d 42 uazuﬁﬂﬂﬁ'mm’juﬁﬂﬂimgﬂﬁaﬁv\laﬂmimmucﬁﬁuﬁwﬁa
ulasdsesnielildmiu s fuilesinmsdeeunsusumanhduauduosiufudszquis
HIIAY HAZINALTIAUGUNY (Over Voltage) 52118 1.5 1111904 Rated Voltage t1az 113102
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4.13 wamstaesszun llfluiensnaeumsidasufivlsequds

m3sraesszuy Wi nuulimsiiwesvesaodeuuia 230 kv uaz1¥ila199s DS 1,
DS 2, DS 3 ua1ziTa2993 BKR 2 Baneanat ieidlunsineangmsalinles Tos Tounusd
Aadusundenlasdsesig ldmsulsdliih ®RAT) Tunsdisrellinmedsving 230 kv
Ygaaanid fhuseqeiineadeatunssaeurgmsal lldhdy wuaaril lifhusagees I
(AP-B) doil Ivlhwssgatnuaie BKD) wag doiil lvlihwssgetedu BWN) udnihmisiaes
szuu1Wfh@2eTUs50n50 PSCADEMTDC  §anmidi 49 udaasrvadaaanialidh iy
useulfhiienedevinn 230 kv ussduiindenasdrsessieldmsuise v uas
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MNN 4.9 ﬂ”liina’fN5$1J1J11W1711LL1J1J3JW"I§']3JWIE]islli’)\iﬁ'lﬂﬁﬂ

nan1s$raesszun Wi wnuiinsiimesvesaodevuin 230 kv areTilsunsy
PSCAD/EMTDC Tasmsdu/ilaisasvesaindannou Tl usega BKR 1 iyw 0-360 83ania
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Secondary “wbltage of RAT -
= ‘diltage RAT Phase A
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m “hltage RAT Phase B
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MNN 413 usasunndeuasdrisesne lldmsuTselnil

ninranssiaesszun IidaeTsunsy PSCAD/EMTDC dalunndi 4.10 uas 4.11
wutileriinsdali adndaaneu lufhusege BKR 1 Taaasiiyusineg suiinanszua liihi
wiomlasdmumnseasuiialrihiia limdu Sanuigaei 030 seenmalilih vazged
180-210 pasnma i sxfinadihl¥anszuaIiiiar 9297 90-12009mm1a'lldh nazaaedi
270-300 oaenn 13 Wi azlimai e nszua g LAz 4.12, 4.13 viiu 1ghiing

wausau ihguavdvazivdemlasdrsosselddmsnTse Wi nazhaneda 230 kv

4.2 HAMINATDUNATUIN
o =l 4 o a
42.1 wamsnaaouminnuvessad desnunszua I lvaasau
nan1snaaevusiasszuuilesdundenladlniuuunszuaiiuasdy (Transformer
Grounding Over Current Relay) 51GIN WU Static Type TAS1210H “ALSTOM” Setting IR

> 12 A, tx = 0.3 1n309ieN 1¥naden 810 “Double” Type F2253 A4, 4.14



4 4 Y o a 4
s 4.14 gunsaiflesnunszua’liihinashunezinseiionadoy

naminadoun lasduaaslunsnei 43-4.5 uaasignsaitlesiunszualiih$iag

a 1 4 a a ' ' o
Audiaeglunaaiin@ wagnsifia Harmonic lufinasonisiia

M990 4.2 Manaaeunnszua v 1.3, 2.0, tag 4.0 M1ve3 IR 1ANUD 50 Hz

Test Setting

Trip Time (Sec.)

Phase Injection Current (A)
IR Tx Should Be | As Found Error
N 1.2 0.3 1.31IR 1.56 13.51 13.46 -0.37%
2.0IR 2.40 4.06 4.04 -0.49%
4.0 IR 4.80 1.36 1.33 -2.20%

M990 4.3 Manaaeunnszua v 1.3, 2.0, tag 4.0 91999 IR 194 100 Hz

Test Setting Trip Time (Sec.)
Phase Injection Current (A)
IR Tx Should Be | As Found Error
N 1.2 0.3 1.3 IR N6 13.51 13.45 -0.44%
2.0IR 2.40 4.06 4.03 -0.74%
4.0 IR 4.80 1.36 1.32 -2.94%
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M990 4.4 Manaaeunnszua v 1.3, 2.0, tag 4.0 11v3 IR 1AND 150 Hz

Test Setting Trip Time (Sec.)
Phase Injection Current (A)
IR Tx Should Be | As Found Error
N 1.2 0.3 1.31R 1.56 13.51 13.43 -0.59%
2.0 IR 2.40 4.06 4.01 -1.23%
4.0 IR 4.80 1.36 1.31 -3.67%

1 I ) [ 4 o A
422 Waﬂ'lﬁTIﬂf’fﬁ]1]ﬂ'lf’]'J13JL1J1!ﬂ‘Ll'Juﬂlf]ﬂﬁﬁ'ﬂl!ﬂaﬂﬁ’lﬁﬁﬂm%"ﬂﬂﬂ'l!,uﬂhh‘lﬂ'l
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wilouasdmsunseenuiia lWihydia Oil Type “GEC ALSTHOM” Rated 125,000

kVA, Voltage 241,500 / 11,500 V, Vector Group YNdI tn3esiiehldnaasy 81 “MEGGER”

Type BM21 sauanslunini 4.15 Tasmsnaaevunuseaulvil 2500 vde vazainwans

nagoumanuiluaun Iiihdinied 4.6 wadsinghamnuiuauiulvihveswdeulas

Y
Tt 2 dafimeglunaaiilng

M 4.15 wdeuas lWihdmsuaseasuiia Wi taziniesiionagon

4 J I o o 4 o Aa
ﬂ'lﬁ'lﬂﬁ 4.5 mmmgﬂuﬂuaummwﬁauﬂm ﬁ'lﬁiﬂlﬂ%‘@ﬂﬂ'll‘l'!ﬂvlwﬁ'l

[vV'] INSULATION RESISTANCE MEASUREMENT

TEST CONNECTION TEST INSULATION RESISTANCE (M Q)
PI
TESST NO.| WINDING | WINDING | VOLTAGE TIME (MINUTE)
10/1 MIN

ENERGIZE EARTH (VDC) 1 2 4 6 8 10
1 HIGH LOW 2500 21770 {22780 | 25100 | 26900 | 28850 | 30200 1.38
2 LOW HIGH 2500 9150 | 9820 | 12050 | 13360 | 14470 | 15450 1.68
3 HIGH LOW

RESULT: Insulation resistance is not less than...315 M Q ...and PL Is not less than...1.25...refer to...SD-EMD-21/01...ACCEPTED [‘/] YES[ ]NO
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Abstract

When Back-out is. occurred in Eastern zone of Thailand.
Rayong Power plant must use Back Start for plant start up and energize
load. Test for black start and Back-outl restoration is necessary to
contain in special work plan in 2007 for Rayong power plant. This test
was done on March 11, 2007, Rayong power plant did not pass the test
cause of electrical fault,  This faull may be happened from
Ferroresonance of Reserve auxiliary transformer because there is
abnormal humming at the transformer before ground over current relay

worked. On July 14, 2007, there was a simulation test to find the way to

protect ‘and solve this problem, This proposal explains cause analysis
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with program PSCAD/EMTDC and ATP Analyvzer, field test, electrical
response and solving method. The simulation test shows that there is
Ferroresonance did

Ferroresonance at reserve auxiliary wansformer,

not damage transtormer immediately but this decreased life time of the

transformer.  Solving method is 10 avoid connecting circuit in the

system which is consisted of Ferroresonance parameters

Keyword : Reserve Auxiliary Transformer

Ferroresonance. Back-out restoration, ATP/EMTP
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Abstract

This article concerns a problematic analysis of combine
cycle power plant while performing “black start” and “black out
restoration” with unsuccessful testing. Generator was disconnected by
electrical protection system. Form field test and computer simulation,
the problem was found during closing a circuit breaker to energize a
switchyard. This problem leads to over voltage and electrical signal
distortion during closing generator circuit breaker. This is caused by a
ferroresonance phenomena between a grading capacitor of circuit
breaker and non linear reactance of reserve auxiliary transformer
resulting in black start failure during black out. The practical solution
can be achieved by avoiding capacitance parameters that introducing a
ferroresonance. This the procedure of switching operation should be
carefully rearranged.
Key words; Ferroresonance, Reserve Auxiliary Transformer,

Black Start, Black out restoration, Grading Capacitor
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