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' ¥ v
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y o o P o ¥ia 44 dq 2 oq9 .
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"—D—_f‘i—l— AL

Saturoting cuto tronsformer
] !

T

)\’

—{ —

—{—

T
W il

=

511 2.9 naasmshauvessiadieaiuuuuMult - restraint

AuauiAves CT. 511a204 percentage Avzanndiu i ldnmlnlosasuaiziAuIiu saturating
autotransformer dzHAANUAUMUGS dwmSunszuadviesisudoad q Mildnszuaduia
910 CT. error 430 CT. saturation a11130# 11 11§41 operating coil I@ioas1maus1ng uad
dlueadnislu dalinszuauand1aganin 9 A1AIUATUNIUVEA autotransformer  ILAAD
A A o ' o . . Y ¥ ad & gdaA

111899105 BUA nszuaazansnrullds operating coil 1A deABnYszmInilnae
drutlsznouimiu De. vzlimunsaniu Satrate autotransformer 1114 vi1liEninaves

damszneunilu DC. Ao operating unit Iiouun



3. High impedance-Voltage differential protection
3 v . 1
Fiil9M0 CT. 5350 uandn@oailam eror iissninguauidves CT. 11¥ Tay
L - . 5 ' & o £y aa 4 1 v
15 1% High impedance relay unit A® mngﬂ 2.10 e lAnszud error Mnatu i lnamiu
operating coil Y8431t uasz lvandveylu CT. Tasa1nNuAUmMuUn1eA Uy asgives CT.
v ¥ .
NARIRBIAILIN 9 (CT. WInii 14U bushing CT. Hudw) CT. yadrn 19703l wm ratio 11U
a1 full winding (W30 full tap) A20#1 14 Auxiliary CT. Tun15 match ratio taziio
9 ¥ ar 1 9 o =2 Y - a o 9
DUNTanAINAIUNITENI CT. AUAARIN3 108 JVUIUATUNABYUVDY CT. VAR

doiu nazaumuiulng T, Wuniige doszezmaei Indifeariulinige

1

TUNED VARISTOR

CIRCLNT-
OVERCURRENT
UNT
OVERVOLTASE
waT

gﬂﬁ 2.10 LLEAININIUUDY High impedance-Voltage differential protection

bl

2.2.2 szvuileaiumea (Transmission Line Protection) [6]
sodaiugunseififavead Idunfigaluszulnih deswnszozmaon i
T g 17E oadfinundeveadasiuseanie mavead fufuSeiufufiesdoad
aunsaflumstlesiuiia uazluszun Line daulngidu Loop Line fio Line fiennsosulun
I8 aa0adns Relay Fis1 19 foaiul
1. Distance Relay

2. Current differential Relay

1.Distance Relay

UANNITH 191U Distance Relay

F= ) i = = - s d' -é 1 3
SiadinaudaoySua 2 Uit fie usedu uaznszua ggUf 2.11 Famwiaresaz
. . J .. 0 ar : ' (Y 3/ Y o
Energized Coils LmtiZ‘lgﬂﬁ‘ﬂ Coil 191U Coil @11 AMTIAU (Voltage) 314 Coil AU

Arnszuaez e Coil $191U F9A19 Relay  1191UW19INEATIAIU V / 1T 1109107 Set 113
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° a a o ' = s o A s
191UY04 Relay vaziiianond lumodsinszuaroadqeInauazussdunganoanss
d1a3 us9eunTa'ldain PT. n3® VT. (Potential or Voltage Transformer) 92 4UAUI ¥ 82N 19904
PT. fiuganoadfedineadidalnd PT. usssuiildaziiood ioadifa lnauseduazinn dau
td
nssuaazasstuiuus i ufevoad Indnszuainn Wead Inanszumilas dasidm v, / 1, 1
= ¥ 4& " t:iv o 1 s &
DA Impedance (Z,) Fatvziludaaiulavasaiuszeznie A9 528NN Impedance
9 9 a 3 < A = s 1 1 . & S A
1A TLULNYDY Impedance 1100 A9UI1513950051001190861971 Distance Relay %3nf0

Impedance Relay TG

S S

CT = wisulainizun

PT = wiloulasutsiv

i
gﬂﬁ 2.11 LEAIMANNITNINIUUDA Distance Relay

Distance Relay 1111414 3 Uszian s 193afe

1. Impedance Relay Jan Impedance (Z) YRIAUEAS mm:ﬁm%’ﬂ%’ﬁnmﬂdwn
1hunan

2. Reactance Relay 3Afi1 Reactance (X) vodmuas muzdmsuldfiumeadavuia
U M INnquAN Arc Resistance 14

3. MHO Type Relay 3Afi1 Admittance (Y) ininzdmsvlsiumodas

Zone Setting U84 Distance Relay

A 1 I 1 ] o = 9 = [ z = 4 1
mmmﬂmufragmaz‘n’m:usmmmmmu"lﬂﬁ'mmmﬂaﬁlu Back up ANUUILIAULADS

¥
ail I 9z1seneudae Relay 2 -3 Zone 1und1ados Aniudedealinisiinua Zone

Hoafufie
Zone 1 = 85% U®4 Line Impedance Niloaru
Zone 2 = 100% 84 Line Impedance Niloafil +50% Line Impedance 83

. Y
a

Line ﬁﬂ“lﬂﬁﬂuﬁgg
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Zone 3 = 100% 499 Line Impedance ﬁ‘ﬂmﬁu +120% Line Impedance 994
Line 6 l1lfitnafiqa

Starting Zone = 130% Zone 3 (313 Zone Starting) Zone 1 #1lai Set 1Ry 100%
rﬁmmﬂ Error Y94 Impedance ., CT. , PT. 11az91N97 Relay 184 W‘%s‘lﬁﬂﬁ Relay Over Reach it
4o euaueen o LINE fdesiudmsvnmlumsiauisd

Zone 1 Mamlunawiuniula

Zone2 WIIUAIY Timer (327 0.5 U1 (115 kV.), 0.35 TU1 (230 kV.)

Zone3  YNOIUHIU Timer 1381 1.0 319 (115kV., 230 kV.)

Zone4  YNNIUAIU Timer 13814.0 W10 (115kV.)

{@ou3111erA3 Time Co-Ordination H1Y Step Time 94 Distance Relay a4zl 2.12
(SEC)

B zone3  C ZONE 3 D

2__! ZONH 2
ZONE1

. N m
a @) | fos

gﬂﬁz.n LAMINS Co-Ordination U8 Time Step Distance

F ¥ 3
M3 Set fanaatrevuil ondmanfounladldiuegivanummeanlumsldau
Y94 Relay #0321

seyutlaaiueeds 230 kV. [6]

1511 230 kV. Distance Relay 71 19dloafumoasutamstosiudiu 2 uuufe
1. Primary Relay
2. Back up Relay

Primary Relay
¥ v
Taloaueoaali¥ingu1di5941n31 Back up Relay 1199910 Back up Relay Zone 1
1% lafuid 80 — 90% Line 81 vead 1AavuaIuavesn 1e1n 80-90% Relay ¥11914 Trip
o ks ¥ 9 3/ o 2 o A o = 9 = IR ' R
Zone 2 daiuideamsId Relay a1 Trip nuinulavalyszuuTad¥esona Pilot Relay

%30 Carrier Relay e ln Trip nufinulaldnasa 100% 494 Line
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¥
@

¥ . ¥
4oRuDIN15 Trip @76 High Speed WioW 9 U142 AU 10IAA Line Fault YU

o)
Lo
Xh,

l. ¥200AN Transient Stability YBI5ZV

2. apnnuidomeiifalumodalddosas

3. ldeunseldszun High Speed Reclose lditeldszuunduuganidzng

18152

@13 Setting YDA Pilot Relay M50 Carrier Relay 131 Set Relay = Zone 2 Y94 Phase
Distance Relay 149 Back up iiVetlaafiunsviiam Trip Aawata iuaamdudiu d119 set=
Zone 3 512 Zone 3 wodlnafinnulalumsiangailddya i Carerldsuiudosdl
n213'171uM3 4 Blocking Signal gady

U 230 kV. ﬁal‘f; Carrier 13119 Directional Comparison Blocking Scheme
1ls xﬂﬂuﬁiﬂ"ﬁd Phase W@g Ground Relay @1W31 Phase to Phase WL@% 3 —Phase Fault
Uszneuday

(1) Phase Pilot Relay (21P) (Iu Distance Relay LUVIAYINUAL Back up Relay 99R
[FufReITY Distance Relay Zone 2

(2) Carrier Starting Relay (21S) 1% Distance Relay KD-41 W50 KD-11

(3) Ground Pilot Relay % Directional 0.C. Ground Carrier (67N) ?mﬁﬁlmmn
Instantaneous  (i/01AA Single Line to Ground Fault lufiAn1edu Line fvzdloafuudoziiiu
Wead 11 lnaus lnuliansafmuald T?uﬂ;jﬁun‘szuﬁﬂaaﬁ‘lwmzfu

(4) Carrier Starting Relay @115 Line to Ground Fault 14 Instantaneous Over Current
Unit Tu#2 Carrier Auxiliary Relay

Back up Relay 1991031 Line #itlosfuuazifiugn Back up Line fitlosiunag Line
ﬁ'ﬂulﬂ'-“émﬁﬂﬁ 3 Zone 1D Zone 1 ,Zone 2, Zone3 1% Distance Relay Li‘luﬁqﬁmﬁuﬁa Phase
11a¢ Ground sznoudly

- Phase Fault

1% Relay Distance Relay $178% Zone oafiu 3 Phase 1u 1 472

- Ground Fault

1% Relay Ground Distance Relay 3 ¢ 9191)UA8L Zone AD 1 ,2,3 Ung 13 e ’rJl;ui
TudREITUITY Relay SDG n3eddazila (A , B, C) U 3 Zone TuduAuInUIsY Relay

KDXG


CLP-16
Textbox

CLP-16
Textbox
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srpuilesfumede 500 kV. [7]

1. Primary Distance relay ‘lg’ﬂ‘ﬁ 1 &%Qﬁ Distance relay type LZ96 f11) Directional Earth
fault relay type PPX401 I¥vdnns floafiuiuY Permissive Under reach transfer trip (PUTT)
TAus WA USEUUADMITULY PLC. (Power line carrier)

2. Primary Distance relay ‘ljﬂ"?:t 2 :’ﬁﬂﬁ Distance relay type LZ96 111 Directional Earth
fault relay PPX401 1¥vann1siloafuuuY Permissive Overreach transfer trip (POTT) Tao
$aufUsTULADMISIUL Microwave (MW.)

3. Back up distance relay type LZ95 AULUY time delay 1353 1952 carrier Haz
Microwave iijoudo 1 uag 2

Primary Distance Relay jjmcfil 1

1l52nO VAU Distance relay 1@ Directional Earth fault type LZ96 (a2 PPX401
Ay TaoiisvazBoaderoluil

- Distance Relay 1.796

¢510afiu Phase fault 1182 Ground fault S8 UV Non-Switching 5nouAIY

1. Starting T 4 Starting 3 4@ 197 Woad 1 1 phase LAz 3 phase DA 1 gafimdold
iy phase to phase fault A5M9IURT AU Measuring uatyiau lisaudy Measuring 32911
FM Time t, 33 Trip 1579313 0n8nd09 Zone 4 TdiFuiu

2. Measurement 101337 4 %A fin 3 3@ dMTUWeAALUY 1 phase fault LT 3 phase
fault 90 1 UA L3N phase to phase fault

R . y A a 4 o . w . . S v
S1adezsinau Trip Idilloinia wead nagiad Starting N Measuring MNIUNIAN10Y
Zone .1 Az Trip wudivula uad Woad mj‘lu Zone .2 A Trip 198 Time T2 Fault 14 Zone.3
=3 1 1l L) o
fl Trip 420 Time T3 L@ voad Elgalu Zoned fiD Starting (Measuring Taivia) fiauee
Trip #30 Time T4 715 SET Zone 1l
Zone.1 Set 13 = 60% %4 (500 kV. Line NCO — TTK)
A a ¢ a4 i P! o . v @ A o o o ! P
diodl Woad iAadulugae 80% Siades Trip Adenaiuiiiula dmsuluaiu 20% n
P oo & v ‘ A a . & v
Ao Woad NINAUULY Clear Fault A28 Time Zone.2 ¥30 Zone.3 Y30 Time T4 %991 1UM5
Clear Fault 17015015 Clear 573ufie Trip poniuiiviulass 19 Scheme Wirysnfiudyg v

] v ¥
doa15430 1uii1e Scheme Permissive under reach Transfer Trip 39uNU PLC. fAvsad

197U Trip 18210 Starting Forward W9UNTBUAUTY Carrier receive (HFR) Siafda Trip 14
¥
WONNINIEITI9T u < (Minimum Voltage) %38 Trip n39ilill Weak infeed fiD3indinu

Voltage ALAz5Y HFR Ada Trip 14
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g1l S1ad Trip 14 3 nsdi Ao
1. Starting + Measuring
2. HFR + Starting forward
3. HFR + Undervoltage

S1ade carrier 130 Starter operate + Measuring operated Aoty Logic fatl

) 1
v
u 8 | TRIP D, H
HFR
At ]
= Q
M ——'——] | = —
& DS
SW.PUTT ——p l
START OP, —— [
a CARRIER SEND
MEASURING OP.———_I

51 2.13 uaas Logic M3¥1911v843 500 kV Distance Relay LZ96

Zone2 SET'1S = 100% w94 (500 KV. Line NCO — TTK) + 80% wifoutlasfivuim
fuft TTK Siadvinanuiioifia ead duuag Zone.l 1iH1a1u Trip A1 Time = 600 ms 14
(1 Back up lumsileaiumuods

Zone.3 SET uﬁ = 100% 94 (500 kV. Line NCO - TTK) + 120% wﬁauﬂaqﬁmmu
ﬁ'uﬁ TTK S1ad 1418 Back up Milou Zone.2 MUK Time = 1.4s

Zone.4 SET 18 2 dau fie

Forward Starting = 174% Zone.3

Reverse Starting = 30% Forward Starting

¥t doadnilsfans SET Zone 4 4015019711 Tuiwn Tnan Zone.4 H1a1us Time =
1.8s

- Directional earth fault relay _type PPX401 ifuSiad 1 ftiudunniiorasuify 1296 149
lumsnsindu vead ﬁ!ﬂu High Impedance Earth Fault “f’:l Distance relay LZ96 753331
13714 S1ad PPX401 UsznRUAY

Directional Zero Sequence O.C. relay 0274997 carrier logic MUAWUANMS

“Directional comparisons scheme”



Siad SET My o

1. PICKUP = 8% In = 160 A primary (CT — RATIO : 2000/1)

2. Time TB = 100 ms (Basic time)

Tadvinaundain Time TB o5 iad 1296 Maunou

3. Time TR = BLOCK #1411 (Reverse Time)

95l 0.c. BACK UP uglildamse BLock 13

iioTiadiiiu vload a2 Trip I8dudouly it

1. BREAKERS LINE CLOSE ot &1 Breaker open 8y 3108 DEF 9zgn BLOCK
Tl

2. 3106 Pick up 1y vload lufiemsiitloadiu + HF Receive

3.51ad92gn BLOCK 5¥M71910A Single pole auto reclosing dead time 917 CONTACT

4. Swdiioriu oas szee BF U8 aonil asatu

DIRECTIONAL EARTH FAULT PICK UP KEY HF

TRIP 3 POLE
HF RECIEVE

NCO TTK 3
2 [
i —
il BT
[ 2 F1  F2 F3

3

gﬂﬁ 2.14 LAAINEN NININUUDY 500 kV Directional earth fault relay

#1081

Fault at F1 : ‘ﬁ NCO itag TTK Trip Instantaneous A1 to (Operating time Heund1 20 ms) ot
v laiiuiy Carrier

Faultat F2 : 7l NCO Trip INST. 910 HF Receive + Start #3ufil TTK Trip INST. #265 @dies

Faultat F3 : i NCO Trip #28 Time Zone 2 82131281 TTK BKR. No.2 luifiu vlead



Primary relay ﬂgﬂ‘ﬁ 2

152n0UAIW Distance relay 11ag Directional Earth Fault type LZ96 Waz PPX401
RMGREM]

- Distance relay 1LZ96

Foyaznuaudamsiaumioufuyail 1 udez1¥ Scheme VY Permissive
Overreach Transfer Trip (POTT) fauﬁmwuéammw MW

Zone.l SET 100% w3 (NCO — TTK) + 80% ifoutlasfivummfuil TIK Siad

VAP TL) Measuring operated + HF RECEIVE #3 LOGIC 60 1D

— = KEY HF(MW)

MEASURING OP.
& |——®— TRIP

RECIEVE

517 2.15 @A Logic Y94 Distance Relay LZ96

LONINITSIAGT7995 Echo LAz Reverse starter (SR) 19nsdiszuudunnuy

Weak infeed 799511891431/

B
1 v — M1
O ——LF (ome
; 7 . . WEAK SIDE
M1 ' :
1 Sr

g‘ﬂﬁ 2.16 U995 Echo and Reverse starter

AsdiRanead luaodinanil AB Siadn A i Wead ud Trip 1u1ddpes0 HF
210 B d4i 11949910 B 15uéu Weak 31ad B luifiu oad iiioaain’lue Pick up ves3iad
dlflids HE 107 A deserdivrsesfiey Ao Echo vauda tiufie HE 10 A daliB 1B
aseaou i Wead drumds (SR luvhan) fazds HE azfeundulufi A A $uHF 1
TIU130 Trip ¢ ffﬁuﬁ B 3% Trip ¢ HF ﬁ§u%1ﬂ A 18% Under voltage Phase Selection

Tae SR #1 B dosluiiaiu udnmsvianul4dius suudees Microwave



3]
3]

0.6s

Zone.2 Set 1911111 Zone.l #1974 Trip H1U Time

Zone.3 Set INNU Zone.1 %1914 Trip WU Time = 145
Zone.4 Set 11iJoU Primary %A 1 MOIUAIY Time = 1.8s
@50 Directional Earth Fault wdnmsiiaiumileu ga 1 ualdmadeaisuuy

MW Unu

p— — —_—— —

O 00
| / 7

1U# 2.17 uaAINIRINUVDS Directional Earth Fault

e

o

A20814

Fault at F1: TRIP ﬁ NCO iag TTK A2t HF-Receive + Measuring 111U INST
Fault at F2: TRIP ‘ﬁ NCO 938 Time Zone.2
wiodiia Wead 7 F1 ualal Trip uiiviulavg Trip 498 Zone.2 , Zone.3 i

Back up distance relay

$uSiad type LZ 95 nuy Switching Himsiiada Woad iy Zone ndanfie i
voad 1findu Sadiaiedlu Zonel wieli f1ldes Tip  oonvufiudtIag Zone2 Aoz
Switch 11) Zone.2 1o Time T2 #1'11197R92 Switch 11159 Zone.3 8111984 Time T3 fioy
Switch 11 Zone.4 Bn 81l Woad 3¢ Trip A0 Time T4

Siadyaiiiiiu Back up 14U L296 4Afi 1 1ay 2 Setting Siadie

Zone.l Set 80% (NCO —TTK)

Trip TAUAIU Time delay = 0.4 s 1ol Primary LZ96 it 1 uaz 2 Farunou

Zone2 Set 100% (NCO — TTK) + 80% nsfoualasiivumuiuil TTK

Trip 1AHTU Time = 0.8 s

Zone.3 Set 100% (NCO — TTK) + 120% niloudasnuuiuiui TTK

Trip 1AH1U Time = 1.6's

Zone.4 1130 Starting Zone SET 1%11f1U Starting Forward YOIYA  Primary Trip HI1U

Time = 2.0s
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2. Current Differential Relay [6]

Hoenspuy I gy 230 kv, n3fiaodeszozduad14saduuy Distance
Relay Tumstlesfusintszauiuilaymnnussdiuniouen 15U Induce Voltage agA1RANAIA
A3 High Impedance Fault nansznumaii Iszunsiadieaiuaannuindetioas
WevzudiamdenanialdszuudeafudaFondt Current Differential Relay 11143 2uiiy
Fiber optic channel 1 Overhead Ground Wire 4931024 fiYoff Fiber optic vz iifinade
usesfunoueniinaen Wead uagiinnuniuing

¥
nanmMInInuEnadu

Current Differential Relay 1#ilosfumodeszninaanii i msvhaufedums
Y o Y 1w v oA 1A o " ;3
arvasunszumdnfuesn iy uddlssmamoedsiideaiu s1amnnd1 1.7 km ¥uly ms
P y v & & o a
finzain Cable CT. Minfleladlanilanzdoaldaio CT. s13u1n FevzvirldiAa Voltage Drop 4

¥ ¥
malfiaswAtamlaemsaadssad ey

SUB PLANT

(e7)
&Y
517 2.18 LERINANNTHIUYDA Line Differential relay

v o @ Y a | ' 9 o o ¥ A '
AIUUWIADIUNT T UM CT. Tl'lﬂll‘f"‘lﬂ3‘1|'|5v!‘]_1§l\1ﬂ§1ﬂ‘§~1‘lnillwa Check 71 Current

o

o

141 — pon iluilnd mideda

100 CT. w04 Sadaailu 2 dnvazfo

< o

1. malesulauiludugin Audio Tone

o g

2. whhailudyanuuaslaols szuudoaisuuy Fiber Optic

SUB PLANT
. o]
I l
F/0
e

gﬂ'ﬁ 2.19 LAAIMI A ”ﬂgigwmuﬁa:%'mm Line Differential relay



M3 1y

3
SidmmsalFaudumedady q wu 915 I lddsam laneszndeanil

¥
IWA1108 9 Wludy nazeuseldfuaodoiaud 400 Alawas uenniniidaldiuszuy

U IAUGINUDI UHV.

1 = o
gauilsznouvossad

#331at1l52noud 0 module  MA1W 9 Module oglu rack  fidlszneuidlulaseniig

P & a a o @ A ' Y a4 Y v
19 U1 qq 3RU "ﬁﬂuﬂ'l'ilﬂufnﬂﬁ'lﬁiﬂﬂ'ﬁ!.WHQ‘L‘ﬂimﬂﬂllﬂﬂ’lﬂﬂu'lﬁﬂﬂiﬂﬂuﬁq

Siadeu130 19 Fiber optic interface d1MFUMIAD IAUATIAY fiber optic cable HIDIE

i o o _ =
1% Integral audio tone interface N carrier w30 lulasnnnla

M35 14512010 audio-tone 92A031% tone protection package Wruuie tle ey

HANIENUDIN transient Neararil 1WA @2 protection NlFvziloadu high frequency transient ,

station ground mat rise ‘ﬁ’q 4049 2 kVrms mﬁ]ﬂqﬁus 21111 230 kv, 111U Fiber optic interface

dnuaziialivesSad

1.

10.
11,
12:

anua lumsiau

# 30 IM9B49 pick — up 1IAIMINY 10-22 ms.

# 4 e pick —up 1A 17-29 ms.
Husnszuaeiudoalumsien lifus sunifeades
aunsoldiu CT. 715 Ratio mariu 14
lifinansznueInmMsaIwe5E VY (Out-of-Step)
T¥umoda 2 daonse 3 Yaod1d
a0 l9y weak feed 31292 aNYA D9 InTIadR1nReAT pick-up Aezih
T3 adnou Trip a1 ludae
174995 High speed channel monitoring llﬁﬂdéx‘lﬁﬂﬂﬂﬁlﬂhﬂ’m Indicator , alarm
contact tagiilu input Toiny Trip decision logic
UM Set A1 positive , negative LIfi¥ Zero-sequence sensitivity HaNAU
#3103 vuifiouvuiaasa q Aauda pickup  1BLIUT S 111999 pick-up
W90 5 111994 pick-up vziAouiumsI¥msSvudouma
141497 SNR (i\oanANA91A noise HLAB audio-tone interface
mnsodfumsmihanandiudasziu e ldiumeds 2 Yare nie 3 Uae
142995 comparison uuv@eaiu el Idivlaaes S swoUTual local LAz

remote
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13. 192997 sequence network nuuRefuitoanme tazvinefindoundasly &
nidluiamiiing

14, annsadfunaziant1dan Test point Srantiisiad

15. ﬁsmﬂ‘lumﬂ%’ﬁu Communication channel

16. AITVUIATFIU ANSI C37.90 uag IEC-255

M3 luudas Module

d o o a & £
nnvienlaozunsuuaaimsiinudagii 2.20 nszuaTvaa nienszud Woad M3
e fiv A, B, uaz C 910 CT. ndnazgnaa11§i2995 Transformation molasunssuaiuy
¥ v ¥
usesu foulviu Sequence network 2995 HvMIMaasunTEIAN 3 e s sduiiioea
- o s - . o o Yy A quy
1Ao7 uenIMTUFQ IV positive, negative 1A zero sequence GIF 1N avlsulamelila
" v 1 ¥
mnzautuszuui 1Favey Taslsunaesil
usaduilanin Composite sequence network %:gﬂﬂﬂuiﬁﬁﬂ]ﬂ% modulator U@L
2997 Delay equalizer a1l
=Y d. ¥ . . 4 ' 0
117995 modulator azlamaiianisunan Pulse period modulation (PPM) %411 carried
as ' ' A o o N = ; 8/ v
szutlsAuatamaiiioadumsutasdaaa ampliude Taomaia PPM  foglvanuuuui
=] =l = o @ “ v Ay Y & 1
nazanusaaia lumsloumon dmsums Trip 159U 1910 sequence network NiAaz
y o q ¥ 2 a vy Ay A a 4 9
Uawvesmedsszgninlsingiusnisvessudamsnainuesnga uazununeuloy
=
Naa
U3 3FUTTVIN Sequence network 9£QATNT modulator iveIaeuTuFaye 01 Pulse
train 1129919 11/ Communication channel interface
a1 o 4 [ o . 2 &4
iU adudIunTiann Sequence network gAAINIT Delay equalizer fiatiie 1H
FuafiaziSsuifiondu i local 1ag remote AFINUINT IZFYYIU remote INTDITATY
9 = (- = ] 9 s L ar . 9
shandonalumsda Sedesdimsmiaanan l¥daaat local dal1/da Phasor comparison 3184
Ay N remote NTUIINENITATITINzdUdIMIN Communication channel
interface UAIAIFYY I demodulator iipmsn/asudyyranin PPM liifhuvnagn
Afu (W1 Phasor Comparison aely
gy o 1w =) i . )
diiudans Sunezdedyuves3iaduzdodi1u Channel interface module 11747
.. . " a ] @ o
1§11 Fiber optic ¥3® Tone interface INs1zaziNIaRosAMIAzANLIIHALT IR0 TAy Module
fozraaduanaldiuszuuildaunsede lavassiuyeadoms
¥
Module H152n0UAIAITL (Transmitter) , AITUFYUIY (Receiver) HATINDVIUTA
i
(Monitoring Circuitry) ‘ﬁ”t‘]gﬁ‘ﬂﬂd channel 910 module u%:gnﬂ@u‘lﬁ'ﬂmam Trip decision

logic ieYIIMsUszuranads |1
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ﬁgd Tone interface 1A Fiber optic interface 9¥HAATYY 1M Carrier frequency i 1.7 kHz
LAz channel ﬁaﬁmaz%”uﬁ’ﬁytywm

Fiber optic interface Usznaudan fiber optic transmitter ‘?iﬁ‘lu Amplifier-diode
combination @iy Emitting diode #38 LED 1/dauas ON iy OFF SUFUF9A 1B PPM
(Pulse period modulation) 910 Modulator circuit ﬁué’z’ﬁ"uﬁ'mumumﬁ;ﬂu photodiode Al
Fynw pulse F992QNVUIUAI0 Trans-impedance amplifier udIaeAo 1y Band  pass
amplifier #ul1de Automatic gain control (AGC) Lﬁﬂiﬁﬁ‘ﬂgmﬂm Amplitude carrier ﬁﬂ&ﬁuﬁ

2995 PPM demodulator

2118
Co

0oooooey

MMUNICATION
INTERFACE - ,

e

B
*. =
oxrenna |1 Tpowen [T ) common
oc SUPPLY

= T e

gﬂﬁ 2.20 U3 Module U949 Line Differential relay

JUEIUATHINIUUBINTZUIUNTS comparison dziAAUTUIM 2 YT na #i ldanus i
local 1A% remote 71D
1. Y5u104 operating %4 1A91ANATINUBI vector 113IAU local LAY remote AIAUNTT

Vo= WL +VH|

op

Tag VDP = The operating quantity
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VL
\%

The local voltage

i The remote voltage

2. 15179 restraint MIAATUINAITIIUNA Local 11ag Remote voltage Aauuia (13

9/ = g o
WAUD4 Phase angle 1UIUUNYIVDY) ANTTUNTT

\Y

TES

[Vl+[Vid

Taw A%

Tes

the restraint voltage

£l Ed
HWAUBY Restraint voltage wilians st uny Operating voltage UTUIUN 2 A1 restraint
. ol Y 1 £y P 3 as : 3/ ) Y a 1 5
1lae operating M9l Level detector "Ni]:ilﬂﬂigilﬁm Trip fwad lamua pick-

up 1 Set 13

LocaL
VOLTAGE AC-DC
1
«— OPERATING
QUANTITY
AC-DC
REMOTE#~ 1| <
VOLTAGE | uo 5 A LEVEL
P Y Y D DET PTRI
1 D REF=Veul
! AC-DC E
Lo 3 R
i RESTRAINT
= ! BUANTITY
~
~ ]
REHOTE=2 AMP 5 I

gﬂﬁ 2.21 1@ad Logic N5 Comparison Y99 Line Differential relay

v :v d
223 szuuilesiunsiontas uazFunSuenines (Transformer and Shunt Reactor
Protection) [8]
Transformer differential relay wanmsiaul¥nsasranszumduazoonndontas

T ar LY 1 3 o C;
Nawgany luiRanszuanan1 vy degiin 2.22
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511 2.22 M3%11971UV81 Transformer Differential Relay

Mseie CT. 9zfimua mark CT. Tasldaszualnaduginsai luas 2 CT. 11 92
ulaanszua il eenmnlnaa1Ngl dau CT. 12 szutlasnszud i2 ponNAeziiiamanuiu
Tuanzlnfe luinssuamamaiatu i lisadlivauil +i2 = 0

undiRareadlumatlosiu (sznin CT. Wares) sxlinszud operating na = il +
2 TafermnudmilisesAausnined i@ High side 1Az Low side vosnsouauite
inavsWead

Over current high side 191314 back up “lﬁ'wﬁauﬂmﬁ"a Woad uaz overload At set =
150% ¥®4 Maximum capacity yoandoulasll time delay Lﬁmﬁﬂ fault low side = 2 seconds

Over current low side 19131 back up Anourlaia ead d1u low side uaz

overload ¥oansioulas Tau set = 150 % Y89 Maximum capacity yoniloutlasll time delay
[iiDIAA fault low side = 1.5 seconds
Over current ground back up 51 GB1 , GB2 l9doeniu vaain tertiary voaniiouilas
AsdiIAA single line to ground fault Tuszuy Fanslnszua’lnaluvaain tertary A1n5zUAHN
a & ' ” o v = 9 =2 ¥
AATuNINNT rated 4929 tertiary  uaz lnadlunauzilfuaatadoniolamaels
a o a "
Sdyiiatunilesiu
N13 setting 51 GB1 set pickup 100% U89 minimum capacity YDIUANIN tertiary 1
time delay MUY long time inverse ¥ set foafiu Woad NUAIOY AL set curve AN
damage curve UB3UANIA tertiary @1M5U 51 GB2 set pickup 200 — 300% VUBIVARIN tertiary
uazil time delay 111 very inverse %4 set floafiu Woad ‘ﬁﬁmqma: set curve A1071 damage
curve UBIUANINA tertiary
ooy 4 A A s a4 1 3 v <=
1n18a%31a8 (Buchholz relay) (ol Woad MATUBINT 9 lunsoudas ¥3919
&

1119911919715 Short turn YBIVAAIALATAINA IHIAAMTEISN dRAnNUTouaTaLTUAT

vinaiuuazluvaaadae anudoudinaieingaia 350°c Jeihlimsiiduauauiuds
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U :’ a =1 a a = o a v ]
pazivad 1wy dufunseauaunseay Sunendieenuazidmiuudada lnld 15y
o s =1 d o o ' &4 " :’ o 3/
laTasiou, lelasaisueu uazmiveunoutionlad ufadsnd1dtiszassriuiiiuniie
14 ¥
wastulavanagaeuiuvomieulas ludnyueiitaldyaTeadiind dosfunazaiindy
o da 4 o ' al d o ; Y 3/ ot 1 3
uReriRadusena Siadyiail 15 1dnunideutasnil Conservator tank 111U
.:i 2 o 1 o da dg o 3
110317 2.23 usasiedumiwazdnyuzyesnsnaya leadsiad ludaniomlag
e l#smdhnuanga szdoanaiedi 1 Conservator tank THiBoINIAIMITEA I 5210 4
dd & A E2a a & a i a ' a Y
— 7 vamn luynleadsiadeziignasedalindadyiinisen (Mercury switch) Anoy uaziigu
¥

X ¥ Yt 4 & Z qy = 1 :’
UIHUN (Counter balance weight) ﬂ’NQﬂﬂﬂU%’OﬂWHHHQ mﬂmuﬂﬂmmnﬂgiuumu

¥ 2 v & e e g ¥ A4 a o 2
uWﬂuﬂmSQQﬂﬁﬂﬂﬂquﬂﬂ ﬂuu’muﬂﬂuﬂﬂ’nﬂi}zﬂi:ﬂﬂgﬂa’otﬂ’l UDABY 9 VUNFTETUUU

¥ "
o =

v ¥ " 3 3 Ed
waz Tdunuiniiy szdiniuiding desnnanuduvewia hmingnassaziuiuoy

@ VY Y oA W £ = Y a o o a o ' 2
winnhguimiindndunils Sanszanliadaduseninunaslidygin alam dalafn

1337

Control room tazguaIuAy Tasia lihisinesveaufa fidmuadimiundoulas 10 MVA.

Fulogsznang 220 - 280 asu.’
Tunsdififaneadedaguussfivaainvesndonlasersniiiaiu sz difaufe
¥ '
pE1auANTE (11An1 50 ¥ ATadaaaui) 1y surge Tuisiuadou luduluia (Vane)

o . o 9
NzANATUI9T 1 Trip tusninesvoaniouilaeen

Tronsformer
Trip tenk

5141 2.23 11@A3 Buchholz Relay vaaniioui/a

duna R le Buchholz alarm woagil &
1. RUIUAE 9 [TONI0 15U ¥in , vaa , uan
2. RuIFeNRUAH

3. dafpA1e q naanai

4. wanadndeunnll (Overheat)

5. wiouassa¥u i lmihiuanas
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auna i1 Buchholz trip woargil1ddail

1. Yw¥a uan , 1o

2. Weadmolusezunana

3. Grounding Fault

o 1

4. veaanwluszritunain

5. WoaAIznIN tap Y0IUAAIA

6. Wuviua

° A a 2 @ o

Sudden Pressure relay Mauielsnsimaminiy  vosnnuaumelu vusuag

naas yuzndoutaslFnuainydnfi auduly Main Tank ¥eandeoulasnualiudy
¥ » ]

aoludadiadaziiy iiesniminiumuns e lnan s Equalizer Hole uailonuaunie

2 e et e A a v X < 2 o qu
utlasundusiufiviu it mternal fault 159A1UNIUVD Equalizer Hole 321NN 9114
: Y - o ] 9 9 ar @ s 9 V @ 9 o Y a o A 1
dirundeunariulad anusuludisadoetaoniinnuauluies i ldinaus wuiunu

Tapzursuilataesiioda trip tsnnesvaansoutla

g‘dﬁ 2.24 11299 Sudden Pressure Relay yeeniiaulas

2.2.4 szuvdlesiunseasuiialniih (Generator Protection) [10]
s2uu3loaf Generator Protection t1j990n 14 2 Uszinn Av
1. Primary Relay
- Phase and/or Ground Fault in Stator (87G, 51G)

- Ground Fault in the Rotor (Field Winding, 64E)



2. Backup Relay
- Overload (51V)

Unbalance Load (46)

Loss of Prime Mover (32)
- Loss of excitation (40)
- Under and Over Frequency (81)

- Etc.
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{3)
r 891
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|

: m 3 &
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r"'é‘@l ) (2)VT's
m = Generator

23 \(Loge
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(3)
THCTS

O I | )
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Resistor

51l 2.25 naaGmdtestunsostuiialwih

" " ¥
Generator Differential Relay (87G) Mﬁﬁ']‘ﬁﬁﬂdﬁh Phase Fault funavuniolu Stator

Winding U84 Generator LazaziiauiiuiiTaelilinisniiaanat (High Speed Tripped) laull

¥
=y

o ¥ '
fufindiausiiaegsyning CT. e 2 du dagilii 2.25

Ground Overcurrent Relay (51G)  #ntifiloafu Ground Fault Atiaiuniolu Stator

Winding Y94 Generator 163188 51G 921} Time Delay w23 13dnuuizildauazi 2 dszian

fia 1InnszIAIAzIS Y (51G uaz 64 G M) faglii 225 Tasstaldezausatlesiu
¥

18idioe 90 519 95% V09 Stator Winding ag Jrafusziandl (51G , 64G) 92Avall Unit U3

Third Harmonic Filter lerue 11513 setting 928 Time Delay 1521794 0.1-0.5 3U19
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Rotor Earth Fault Relay (64E) iwil1#iloafiu Short Circuit 14@1% Generator Field

Circuit 1A89% Detect Ground MRATMIADY 1 9aRouUN16TY Field Winding S1ad 64E 2111911
a6l Function 1ilu Alarm (#©111 Generator 83 (Shut Down) Aa1iu F1ad 64E Satinnwusuiu
¥
iw31281AA Ground ¥4 2 9ATU Field Winding Circuit 939114 Field Winding 1&o¥1n1d
Tau12 11129243 Time Delay 1l5zane 1- 5 3u17 A3zl 2.25
. ' 3
Phase Overcurrent Relay (51V) fm11n1loafy Phase Fault mﬂﬂﬁu‘luszw"lﬂ%
mMouon uazluda Generator 199 Insvimthduszuutlosfiudi1seq (Back-up Protection)
dafuae Setting srvuileatulil#iaiu 130 f4 150% ¥o4a Rating Y4 Generator Uzl Time
= = a0 oo A
Delay 13110 19353110 A9 2.25
= 9 d' ar :i = d?
Negative Sequence Current Relay (46) finTN1leau Unbalance Load navulu
° 1 & o a " ° )
sruudInie Favziinani1dine Overheat 13 Rotor 713 Setting 9% Set  1#@1n31A1

Permissible I Characteristic U84 Rotor ﬁqgﬂ‘ﬁ 2.25 Tao

]

3

Step 71 1 Uszu1al 7% w4 Rating 1tz Time Delay Uszanas 2 fa 5 Jundi Hnhi
(T Alarm Step

Step #1 2 13zu10 12-15% vB9 Rating Lz Time Delay 1szuna 1815 Jundl i
wihfislu Trip Function TA81an Generator uanmn‘l‘fﬁmm1sﬂmmﬁau§aﬁﬂﬂnﬁﬁgﬁﬂﬁu
Tuszunlnih defl

1. Short Circuit (80134 3 Phase Fault)

2. Open Circuit

Reverse Power Relay (32)  invhnidlesnulunsali Prime Mover (dau“lﬁfg'ﬁ’m

Mechanical Part) i1914AA Hayi1 19 Overheat fuﬁ Turbine Blades 1113 Setting ﬁ?uiﬁﬂfii}z{g\i
1A1lszanm 1-3% 499 Generator Capacity Rating 152177 Steam Turbine 1Azl Time Delay
vi2e 13 189239 Lﬁa"hi“lﬁﬁmuiwﬁ'm Reverse Power Surges U Y Synchronize
Generator

Loss of Excitation Relay (40) d'm‘lmgii]ﬂ%ﬁn Large Synchronous Generator ﬁ‘mfﬁi
fJoafiu Loss of Synchronism , Voltage Drop I18g Overheat ﬁRotor luns ﬁ‘ﬁ Loss of DC.
Supply U84 Excitor ﬂ’lié&f]'”lﬁlﬂﬁmg‘ﬁ’uﬂgiﬁ'u Capability Curve V84 Generator #azil Time
Delay Uszunm 2 9 5 3w

Under/Over Frequency Relay (81) ﬁﬁﬁﬁi’lmﬁu Turbine Blade 484 Generator B

Steam Turbine
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2.2.5 szuuileafiu C-Bank (Capacitor Bank Protection) [9]

31104 U Overcurrent @145 C-Bank ‘Uu’lﬂ‘l“r‘ifg' IaE Voltage Rating ’Q’Wﬂ%

Overcurrent Relay 11ai¢ Circuit Breaker L‘ﬁiﬂ‘ﬂﬂ i
- Over load ‘ﬁlﬁﬂmﬂ Overvoltage 1182 Harmonics Currents
- {l89rU Line to Line #3® Line to Ground Fault
- {lpariu Rack Fault (915910521313 Rack)

m3iloeiu Overload n3difidiu Bank lailvajuin uazil Bank 1av1an 9 92 Set Relay

“e
=1,

Current : 1.3 X Rated Current
Time Delay : 0.2 Sec.
1

W1In#¥A10 Bank DU Bus A8 11899101 Inrush g4 Delay Time A5 9 g9UU

m3tloafu Short Circuit Faults  lunstifilu Bank lnaj uaziivaio Bank vuiudu

9 ADIUANI 18I UTEN T Overload Load 11 Short Circuit
eifadaissqunseiflesiudedanaliGifiqa Taoynfuda nrush Transient vz
pamitaltanaanilszum 4 mhwesnszuaiinanolu 0.15 3w duhusansadaddl
Current : 4 X Rated Current
Time Delay : 0.15 Sec.
uAd 1Y Unground Y Bank ﬁé‘?@@;}hﬂ 9 1iipIfin Line to Neutral Fault 9z inszue'Iva
iifu 3 whusanszuaiian dafumnssiasansadde iy 3 mida
mx‘lﬂig 1190219 Delay Time Overcurrent 1Wudafleariu Overload 118 Instantaneous
Unit 8a s unm 4 pidlesiudaiss

¥
msileafiu Rack Fault  Iavdndudiniiidimes dnazuenudaziiadaegrianu

3
o ar

b
Awiual Temaouinan2995 91951319 Rack 1Rg0ynIwAYd anbuziizinszua
o ' & ¥ ] o s ' A 4 o A a
da239s ligaun Feszdealdnarsunszisersnawlunqueynsuaulummfuadu 395
v -
nszuaganez i1 Instantaneous Unit 1911 nazezih lfiiennudenoninie Rack laz

a S o a Ja g Y a s o o A 4 e o
ﬂ?ﬂ"l“]ﬂﬂa'i ﬂ’Jﬂ']‘lJ’]“]ﬂﬂﬂi“ﬂ'ﬂgclﬂﬁlliL'Jiu?]'}iﬂﬁ]zgﬂﬂTﬁﬂﬂuﬂﬁﬂgfjﬂiﬂu%‘ﬁumﬂ W']?f‘lﬂﬂﬂ'}

a A A

= d a o 1 = [ Py 4 | L]
voannhdnesyine 1z iyianimas lunguuuwiiaus iy uazeynsuduiey
=3
2

R0

=

=t v o v oa 4 ° o o :
TulmReanungnus iy Fewzi ideszidiald daiu Instantaneous Overcurrent 3
Diimunzieg s
@ = o ] da
1511991 Rack Fault 39309219 Unbalance Relay nivuaalszum 0.3 - 0.5
7 d sy Single Ungrounded Y Bank 2219 Unbalance Relay Wudaduus wwusendg

a @ A ) @ a 1 A Ao 9 =]
HUI NITDANUAU ANLTIAUAINANNUUDUDAIITUIN 1 auﬂﬁms;ﬂu"lﬂmuqm
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e s = dmaueynsulu 1 e

I

Vo= U5aUIEHAINTINI0an ULy Per Unit ¥4 Line to Neutral Voltage

m3tlesfulag Unbalance Relay misiiaddagiiandizaeonllesiliyiiafimae

Fvwufuogiiaus iy Fatinnuduiludealaniia Bank oen'ly Protection Scheme 9
uansnafueen’ly Tauld CT. desznirsilansoaia 2 90 uaz 14 Overcurrent Relay nszuaii
"lmszijﬁwsﬂa%zmﬂﬁ%‘aﬂaaﬁuag’ﬁuﬁmaugﬁﬂﬁ“ﬁwm

Unbalance Current @113 Internal Fuse Bank ﬁﬂ%ﬁ:mﬁ 10 A. ﬁ'ﬂ'lfu CT. 30251

Ratio #1719

I 11 1
LIl 1

SIN

L—

gﬂﬁ 2.26 1L1e¥A9 Unbalance Relay Y93 C-Bank Protection

¢ =

2.3 1sesnausnines luaonillvifhusaga (1)
s sa s y . P saiq 9 a a
INIDS DS NALS NGBS (Power Circuit Breakers) 1184 gunsaln 1y lumsainia
r [l . EY
oitla — Ta2995 FeenuisoNosnuaenssuaune U Winszua  uazaanszuanalu
v ¥

aninfnazdaies 1@ msiwesnawsanes awnsain iy msizlidnaimuiu
a0 uvmzdni99s S9touS onriaueues AMUT NN MIAUIUN 1Y 19U Air  circuit

breakers , Oil circuit breakers , Air blast circuit breaker 118 Gas circuit breakers Lffluﬂu
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Sensing device 1éun Instrument transformer (CT , PT) Lﬁuqﬂﬂﬁﬂ’ﬁiﬂgﬂ’]mﬁﬂﬂiﬂa
o P o i a da a a 3y =] 1w
BmhnadooiwsyTang delmamsslAadsafifeduluszuy Az dsdyaruvonivg
1184 Control relay
Control relay 1% Overcurrent relay ,Distance relay 9231 5&3@1&! Halsnavin
§ . Y v o o Y |a wa 9 1 a;’l o A
Sensing device Wi puAUAINS 118 Actuator 1{1TAMS IdnoUABIMGMs Al TUsIUH
Ia d o
Actuator ¥130 Operating mechanism luwadnawsninesiluna lnaduguasdiau
Interrupter 17 UaAnToduAIUAINABINITVD Control relay
& S, 4 g Y s A a &
Interrupter ApTTUUTUFIUNNTZIIMS A - Ua 299siazATas nNINAIUYNZ e
2995 Y5£nN0UAIY Main contact LA Arc quenching device Famhmhnduersnfiiaiu
a1 v n::f b4 o = owa 1
mstsyauauvesglnsaiaie  maril fuldadie q fumsdidnusesmioe
[ a A a Tow . = < = y.g o = 3
AVINDY LUBDIUTLIUNHUUTBABY (IN1NU Sensing device) LWH!WﬁﬂTﬂJ‘UH o Nla Nazu9g
[ L) 1w Y v w a & o a "W
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e
A da ! A . o] e aa
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At lumsuaaIrnIuzYeuTes AT NINDT T18gF MU Close 130 Trip TuiFeudeiiy
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4. Gas circuit breaker (GCB.)
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output output
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Input Layer Output Layer
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3.5 WuguuIRavealasatedszannifen (Basis Algorithm of NNs)
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FutluTaseredszmmiiouiiioguTUsunsu MATLAB/ Neural Network Toolbox [14]
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3.6.1 Insenelszmnifouyiiauninidounay (Back-propagation NN)
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R
net g =bSl. + Zin,I.RPR (3.1)

R=1

TfaiFunszuiiednudyarumiann @) ludugoui 1
a’ =f(ner S.) (3.2)

T ¥ v ' 4 v
e Fyrauerdann @) ludugoud 1 wrdyniladsde ldsiuaeui 2 Taouday
¥ i ' ¥
iseulusuzeun 2 guivouTosdroaiarnimin (lwszglsl =8%=1,...,8%) whms
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Anudyanaduynvesisoumad lududoud 2 Tannaums
2 2 2T
net .. =bz + lw;;sla (3.3)

Tlandunszduinesnudyaiaueinm @) ludusoud 2
2 _
" = (net 5:) (3.4)

4 o 2 2 & 4 = % ELE R v - 2 :
$1)3) ﬁmufg'lﬂllﬂ-mwﬂ (a") clw]fwmu‘n 2 lﬂ]ﬂﬂﬂ‘ﬂLlﬂﬁﬁ@@ﬂﬂﬂﬂ“ﬁulﬂ?ﬂwﬂ ‘IﬂUllﬂa:&'
& 7 A
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net ¢z =bg, +S:ZIIWS’,’S:a (3.5)
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Tfandunszquiiodmudyaiaeinm @) Tuduoiawn
a’ :f(net 53) (3.6)

2. UNsMEBUNAUVBIRIAANAIA (Back-propagation of error)

Tuusaziiseuvssiueidnn mAawainveslassvezilunasissenitaeayn
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‘iﬂ‘IlElQﬂme'lmﬂWNﬁWﬁ'lﬂ (error signal) Lt il.l'l‘il&ﬂ'mﬂﬂﬁ'lﬂﬂ‘}fum'l@l?!ﬂ 'H"Iulﬂil'lﬂﬁﬁﬂ'l‘i

U [ 2]

- )" net ) (3.7
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fAnnumoinimiiniineades (anedsuljemarinimin lw;”fs: naa1ndl) lagh a
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= =) 4 2
fAD BATINTTLIYUY (Leammg rate)

Alw . = ab’a? (3.8)

o ' E

S ludd (vias) Mifeades (Adifiedsulies, wdwni)
Abg, =as’ (3.9)

wazae &7 lundugoun 2
luusaziliseuvesiugeud 2 duyauifanmaisuseud 2 nildvnaums
2 -k 3 3,2 '

5= Y 8wl f (et ;) (3.10)

53=1

ﬂ'Iu’Jﬂlﬂiﬂ’Nu'l'}’iL!ﬂ“ﬂLﬂﬂ’J‘U'ﬂﬂ (waaﬂsuﬂsammqumun w2 ﬂﬁﬂil’]ﬂﬁ)
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, = adta’ (3.11)
T v Ed
s ludd (bias) Nieades (diedsulgas . ndwmnd)

AbZ, = as? (3.12)
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v 9 "
uaza 62 lfdusoud 1

¥ ] . "
Tuudaziisouvesiugoud 1 Fygpumaanmansugoun 1 mldnnaums

5= Y SMw f'lnet ) (3.13)

fmnassahmindifiides (’lﬁff’;ﬁaﬂ‘?uﬂqafhduufmﬁﬂ wgl W& nil)

Aiw ;’}, o = a0 ‘P, (3.14)
At lusy (vias) iRordes Adiorsunlyas n&aInti)

Abgi = 8" (3.15)
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+ Alw 32 (3.16)

drumsdsuthminvestugoun 2 msninuaziluwu@ersuaunisn 3.16 uaaauls

' & ¥ ao B . D e A b
#1199 %ztfluwwumauag FmTuuaaziiasoulusugaun 2 Faeu1gan laen

Iw 2! = w2 +Alw 3! 3.17
S'ssl(new) S'-Sl(oid) 5%,5" ( )

dnsunaaziiseu luvusoudh 1
iw b = iw 1 + Aiw 1’,1 (3.18)

5 i § SR (oid) SR

o 1 :’ @ o A 3 3 o [ s 3 a A < : <
mstlfumaaniminzlfuiiazdusndueidnnndu lUdadusunwn iodedun
@ 1 £ P 2 24 ' o ' ' = = v
wadugaiuvestloulUdraniidanss wemauedynvesinswiglniuuSoumevny
auordnymihuing uazgduiiumsdsvaninhminludiuvewwsmbeunduuil aduiu
¥
11 Tasdginsuesmsmruruniainnuianatauaznisusuimineznsduiugde 1
waszsmanuAanaadininfiivmua Bamilwdlanganszuiums adanhminiila
siilus g audinsuyasvesdunnuazautmuieg lumsidnaeulassisdssam
FHoystiaunsmdoundy MsfuIunIANUAANAIAT WIBIAIBL W1 ldeInAunGovean
AANAIABNAIGTD9 (Mean-square error, MSE) 52#313f1@0AuN033 (1)) fumaanivas

Tnsanedszamidion (a; ) Tuaums (3.19)

AJ’
Yt} -a}) (3.19)

MSE = i
N o

Tagh N = $1uuyavesdoyarndau
:: a :’ v a 1 kY v [ g o o 3
Tuduasumsdsmimiindinanundiedu undnmsiuguuaddudunsuns

YSuarornimiinuazal luueaueenmsdnoouTassvielssamiNouwsiia Feed-forward

Neural Networks 1614 Neural Network Toolbox ﬁuﬁﬂg’ﬁ a167% 91U Levenberg-Maquardt
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v ado ~ a oA
algorithm, Resilient Backpropagation, Conjugate Gradient Wudu unazisneziidszdniam
=4 ' o P
uazanuTT lunmsinaounana1aiu amnseyy 131y Neural Network Toolbox User’s
. & 2 a a a < H
Guide 17U Levenberg-Maquardt algorithm Tisz@nBamiazanusiasa lumsinaeugaiiga
= dye Y o o a 3 @ T : o ' ndciv 9 =
TupsinuideIdineddudunounsifuaisrniminuaza luueadstin 14 Tl

¥ @ "
Seuduasumsdsumolrnimiinuazar lutea aaaumsh 3.20

T 1 or
X(new) :x(om} + Ax = x(a_;d) + [j 'J+a[]— J £ (3.20)
Tasf  x Ap Ao9hmin(w) uaza luuee (b)
A a a o . . o d
J Ao 91 Tadlouua3ng ( Jacobian matrix ) VOI0YWUS

YoIMAANaIAAaA1) ABA x (LABZAT)

J Ao Transpose matrix U949 J

e A9 1WA5NFUDIAIRANAIA (Error) 5HINAIADY (Target , t)
Susfi Tnsshlszamifousiuan'ld (Answer, 2°)

I Ao Identity matrix

4w = 9/ .
a D BRI INIITUUZ (Learning rate)

2
= a o Pk o o [
‘ll'lTﬂL‘UU‘I—!Lllﬂiﬂ“ﬁﬂﬂdﬂ?ﬂ?@u'lﬁuﬂ (W) 9743

I c%, ael ae,
o, oW, o,
Oe, Oc,  Oe
JW) = | oW, OW,, oW, (3.21)
O, Oe,  Oe,
ow,, oW, " .,
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Oe,
abl
O,
nladouuasnguesst luued (b) I(b)=| ob, (3.22)
Oe ,
S
ob ;
Lo s
a1 t) —aj
.
= 1 a e t _a
WA AFUDIATAANATIA 2l e | (3.23)
3 3
€3 tss —dgs

Taseiielszmmifiouiidnaeudiongmais suivuunsmdeunduiiu exdinou
QQiauiu‘guﬁﬂyaﬁuwﬂ uaz%uifmgmmﬁwﬂmﬁéuﬁﬁuﬁm’mmmﬁuwn nay
iRnnuoailymitiuies dausmuirseuludugouiuannsedfunldonldnmany
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Fuseuiios vz 1dnarlunisinaeutiosniilasswheiidimauiiaseuluduseusn e
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ﬁ1u3uﬁasau‘lw§u=ﬁauu1n%zﬁﬂs:'Eﬂ‘ﬁmwqaﬂ'iﬂﬂ‘iaiiwﬂizmmﬁUnﬁﬁi‘hmuﬁumu

Tusuareution

3.6.2 nsanelszamifisusiiannuioziilu (Probabilistic Neural Network)
va1eq U5z Tomi@od) veslassiolszamifion (ANN) TaTinsnszduanuneisiy
WauonlszinndaeiiuneFou Bayesian) 1 luguunsiaseialyl Tasssrolszamidion
siiannminziu PNN) 1 lassadulasldanufanangeiaiuingdiumsmialszian
(Classical probability theory) 14U A1THUUTLIANVBILUOITIU (Bayesian) 1Az AIATIEH
ntalssinndmsuilanduanuruuuvesnuu1ziily (probability density functions

PDFs) ioviniugtuuuldiu Insssdssarmiiondmivgduuumsutadszan Insee
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Uszamifouriiannumheziugnldednlszauanudidufvaiumsudilymnainnate
nquuesilymimsutalssian fadi Tasshodszamiionrdaanuiesdubsling
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auautid Insetiedszmnmivuriannuinzdivesszysingduitvesmaidendmiy
Paymmsutalszanfiuandannng
TnsaossamidousiianninedhiidefnioUs: lomindndeil
1. msfnaeustusiata msfinaeudiq ildnanduiuniedUaniveslasetie
Uszemifiouaiiaumsaioundy (BP) grunudl TaomsSouinieinaouiitosniy
Tusgernaou

9 1

= = ] = a ] =] " o o A Y
2. Yeyarnaauiivawe Inssindszamisuriiannuihzdlugnivdsenumeing
9 =) - & o v A o
M3uonUsLIANAIBLNOITIY (Baysian) Nanmsdadulaniuanune landuseu
FuRusseriannmesinaounaymsuulsznn maiil lhansafulseiudale
Tasevwlseamifsuriaunsadounay (BP)
3. wwadalassnsdszmniiouriiannuiziiusenlddeyaiunieavinga
Anaeudsigninmisinaouluifiuneduly Tuvaziinisudlv (msuldoumlag)
Ta 9 vosgarnaeu Tnsevinlszmmifisuriaunsmdoundu (BP) Taoialuezdos
¥ b4
M lunszurumsAnaeusiavua
= 9/ 1 =1 = 8 e & Y as s o i oSy
4. msisoui TasesholinnwanseSouiadududeouduiusszniannnesdnaou
' ¥
nazmsuiszinniigndeunaniy
-7 o = = 3 ar 1 ] F=% ar " 3 = o
5. nanmsnall Suwnindrofu ud ldmilouny Tugadnadoumaniussidimua
1 ¥
gouwanioluionysszinnediunmeay 491 Yerana1anseo nisAnaou L
anyseiviadeyaduyni limuizauez lulinansznuiuanugndoavesnisuiie

Uszinn

Tnsaadhs
Tassadreveslas wiwdseamifiouasiinnuiinzily (Probabilistic neural network
pNN) hdnoniinusaiuilszneuds ﬂﬁw'uﬁuvgw (Input layer), Sugounierensatonis su
37U57 (Radial basis layer) 1A q'?maﬁww'%'amaﬂgaﬁaﬂ'h%uﬂamﬁﬂﬁﬁw (Competitive
layer) Snvazveslnssosiaiii Inseoftoulidmih TaetinsdonTosluudazsu
nuudedetunua uiie nna ﬁqmuiu%nﬁuwmzdaﬁ’qmmﬂﬂﬁ&nﬂq flasouludu
TseE wazyng Tseuludugiusaiivrdedynaldmna frsouluduierdwn v1ngUi

¥
3.8 uaas Insaardeiugmves Insshelssamiourianuthazily



80

Input Radial Basis Layer Competitive Layer
f N N N\
QxR IW
¢ ar=y
b | dist PN - =
Rx| i | nt al n2 X
0 xl ﬂ 0 x1 il K x1 P C
I— b KxQ
R 0 x1 O &)
N K™ LY = _J

510 3.5 uuuSraesves Iasevlssamifousiiannuinziiu [14]

317 3.8 uansTasetrdszamifousiannuingiu fsunn R ¥, fseulusu
FIUSAL AU Q Llﬁ:ﬁiﬂﬂ']ﬂ‘b‘m Kyn auidnvesdunnnnaes P udazdivzgnideudiiy
fseuusaziisouludugmsaidiemraimmin W' (Fond1 Input weight, ™) Faifu
wAnFUuIA Ox R uazinnes o iunadnivestugmsadl Taviivia Q wifhidunnues
Funoufiaifivinieduiodinn mnFnudasdaveannined o' sxgnideudiiuilseundas
frsouludunouudiafiin daesdrnimin w? (3071 Layer weight, LW*") Gaflum3n
YUK x Q s%ux?\mﬁ'uﬁ'mfugmﬁ’ﬁﬁ Tauii ey o Fuiluwainduing K szdunadng
vo4 A5 WISy

uHaAA [13]
-ﬁy’uwﬂumaﬂﬂsw'wﬂsxmmﬁawﬁﬂmmﬂmzxi‘luﬁﬁacﬂu‘[ﬂsuﬂin MATLAB/
Neural Network Toolbox @1113995110 16 ﬁd‘ﬁ

at

. ' F ¥
110314 3.8 liedeyadunnsinguusudumn (P, ,R =1,...,R) dygiuvindu

a o i A o a o .. & '
Bunnianuaszgaaauawmuyou Toe lfiiaseuwwaa lududaly Tugisseuusng

¥ v ¥ v ¥

uAaziisenludugiuial gniveuleoadlemarniiminied ludugiuiall
S o o o - s a Qo &
(iwg'y =0 =N)vuiu wihmsdnnudyguednnuesidseuwaa ludugiusail

@) léaneums

a =exp| — “P ;WQ R” (3.24)
e}

o



NANATN 3.31 Musohuudeuanns ndlddu

2

R
a' =exp —JZ (iwé”lk P ¥ *bé (3.25)
R=1

J-1(0.5) 0.8326

spread - spread

57 .
Taon by =

=1 U d o 9 = o =Y c;
spread A9 ’Fﬂﬂiz'il'lfJﬂJ’f)s‘l‘WQﬂ%uﬂixﬁlu‘]ﬂlﬂﬂ’luiﬁﬂ (WITUIMIUAITI9N 3.1)

A o o 1 : @ ¢ An ¥ o o Jd '

e dygnaeann @) ludugusad wdwnilddeae ludidueiann Taouaas
a ) s A ) I T o < 2.1 s
Tseulusueiayn griveuTeadasaiarniminieglusueranm (wgp) WmMmms

o o a a o 3 4
ﬂ1u'3mﬁiyfg'lmQNV!VI‘UENH')SBul‘ﬁﬁﬁiu‘ﬁum1ﬂwﬂ llﬁ"!]'lf"l'[.’fliﬂ'li
= 2,1 1
net y = 3 wg'hag (3.26)
K =]

Yot o v A B s 5 o ¢
Tdfsddunszquivesndyanamann @) Tuduerdnm
a’ =1 (net ) (3.27)

asfinaudaludradud frluse (vias) Mfvates (b, ) szlimsndouulassidiay

1 ¥
awmmsnsznemuilsidunssquaiaguiad Tuvasimdwihmin vy,

= L1 . L .11
Wor =Wonp + a(pR - lWQ,R) (3.28)

Tundaziliseuresiuioianm aidanainveslnssireaziflunadisssniiueianm

thmnefuednnaeslaseie (¢° — a®) mAanaai ldezgndandutindalas wiolu
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v ¥
e o

sUvpIdQaIUMAANAIA (error signal) MIMITFYRNUAIAANAIATRFWID YN w1 lden

auns
8 =(t*—a*)f (net,) (3.29)

° ' uy o a4 £ 3 A a P ay ar 2,1 a .::w
AFATHIUAIDIUIHUNNAGIVUDY (“lmwaﬂsuﬂ;ammmmun le‘Q H1a9910U) M3

3 Ed
Usmhmindmsuudazisouluduerdwn dusalann

1

0 (3.30)

Alwy, =ad’a
L 2,1 2.1
Iwi o =lwi, +Alwe, (3.31)

¥ '
msdsusmaaniiminezdsulaoiviuauseudinszarvuesilandunsyduatiagiu

A

¥ Ed v
Sl (spread ) Hazsou uazduiunsysualusauazaisraimingutl liSeuq
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Ts Iz menamilauas 15 IWihsrSnemaas Juanveslsemsndeli Tnan
dalngffegluvangumuazySuama Tnsamilihussqeiaeamsiminiduaard
wénlaemaiieuassssuaaiiy 230 kv iodsae lldsaaiidu luwaunsnads garfu
el ldneail Inihussganuesenuazamil lihussge Instes ianuddgygaismou
gunsaise Influzu aeds, nideuas uag wesnmwsanes agidluiuauinn Taediuau
Indfvefunaaesaanii Taswazidoagnsaisis i wesdazaniiee ldlimaninaue
a1y

4.1 neazRoagUnsalluamilliihivienide 5]
1ngU7 4.1, 4.2 1ludaed19uans Single Line Diagram gunsaisieIWiaanil

- o o da J = @
Ifhussganuessenuas Insies Taslidyadnusiunuaesdnusainesuazsadilesiu

L]
¥

= s " o Ny od
MUIDDTVIEHANMITREIF UV lﬂ AN
g 4 k7 d:l -=; t:i = o w 9 Qs qs: 1 - @ ]
1. B INALUININDT Gl‘]ﬂﬂﬁ'ﬂﬂﬂlﬂﬂﬁlﬁﬂﬂll LAggUNNUAYAADVAILIA 4 D9 6 YD LU
90412

- AAAVADIAIMT LEAAIDITEAVUTIAU (Voltage)

90 LAAIDITTAVLTIAY 500 kV
80 LARASDITEAUUTIAY 230 kV
70 HAASDITEAVLTIAY 115 KV
69 LEASDITTAVLTIAY 69 kV
22 LARAIDITTAVUTIAY 22 KV

v v Y '
- AUAVAIN 3 BAAIDIE MU BNAY (Bay) 191 90412 LLEYAN110Y Bay N1 4
' » ¥ [
- AUAVAIN 4 LAADIR WM UINT ONAD7 (Row) 13U 90412 1EA92198 Row N 1
@ @ A = 1 da o
- AAVAIN 5 smﬂwuﬂﬂumqﬂﬂsﬂ MUY 2 uaneiiues fawsnnes 1o 1
o 3 . i g & I ot o
3,4,4,5, 6 naz 7 1iuluila (Disconnecting Switeh) fiathasasRasninesianil lufuisag

& o @ 3 g
nuedvenuay Insdesnsnualdmdnnisduetsndioauiniilu sk, Gas
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a o @ 4 o o '

2. 51nd1l09fiu (Relay Protection) 11a5eaminersnay uaziidnavuazdrusognioly
& Y] s 7q 3/ = 1 ar dy
Faududyadnyelldunu Relay viiaais q dail

" . = o ar = e w ar w
- 87B : Bus Differential Relay ({15 adilossumaifaneadniia lasordondnnisves
3 T o o a 1y A o’esiu o

nszua vaddeumiriunszua lvasennnialuaniizdnfuddfiveandunita nszua
T =& 4 o o <& ) da 4 v da o
dauntsezaansianie lua lumladui s adihnudmidisesinusninesnndanfasa
& o o as o = d a A:f
Faflundnmsmuilassumsihaumasguvessadsiail

- 21P : Primary Distance Relay (HuSiadflostiumoaalaginisanmsifaneanain

d& ar -] = 1 o CII
szozn ¥ ldndnmIsuamsuiuauduesaed Tagt ue s W uLIMISa AT LEIaY
o 1.a A da o @ P a A o 1 d 1
iiduinaugia 18 llifsudumduiivaudinmzvesaodeieznsussozns dreg

o ) a da
Tuvevvanistlesdu Adensdiwesnsusninesdaunisuazdatoniseen lavesld
y § o a T 1 1 a

ssvudemsdindszasumiei linmsnsudiuluegesaas usu TuTasow | duloudni
LLE4 , Power Line Carrier

- 21BU : Back up Distance Relay 141anmsiaediu 21P ua lulinmsshssuudoas
Wianldmlumsdansiusevaen

. . . 4 o o oA Y n’/‘
-87L : Line Current Differential Relay L{luimﬂﬂ'ENﬂuﬁ’lﬂﬁdﬂﬁlﬂf“r’iaﬂmiﬂ‘izuﬁﬂq

9/ | - 3 = = o a -g T
dosnuvesmodstoumnuinauasyumaluanwilng uadineadifatulumodeas

3
=)

ldnssuadudaronisvesmeduiadadasusunszuaduns ﬁaumsda%’agam
Wieudousuninldssuudomsiduloudaiuas (Fiber Optic) 1471171978

- 87K : Transformer Current Differential Relay Wusmdilesiumaifaneadly
nideuas Tagorfundnmsunnd 19989 UaITUIAEIRY Bus Differential Relay 1ijo5iadastia
A dmidmesAmusninodins High Side 1102 Low side vaanslouauiiousanoad

- 86X : Transformer Lockout Relay (iu5iadtlosriumafianeadlundonaslnols
HANMIAN UL AN 9IRS T a1 In Main Tank voandeutasldun
Sudden Pressure Relay , Pressure Relief Relay 1ag Hann13 ANMTINNNING Siﬁ‘EJﬂ‘lJENﬂyWﬂ'u
FUM9IAA Gas azauileiinig ARC vos Winding 'l41A Buchholz Relay #io 31ad 86X 191
srdansliusninesTuefy 87K

- 51C : Capacitor Bank Over Current Relay dhisndilesdumaianeadiy Capacitor
Bank lagwdnmsifanszuaiiunnanizlnfdefinszuavload TasdmSiiwsmnodues c-
Bank 112 Step ifanoas

-60C : Capacitor Bank Unbalance Relay 1{u3iadsloaiunisifia Unbalance 1ip491n
Capacitor Unit $ifudiag Branch iy winadifioonuuy Basdndumuiiae 1 ozsils

. o 4 o o o A a [ a‘:’
Capacitor 9130 11500 9 Tavdan31husninesuos C-Bank Step Mifin Unbalance 19111514
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300/100:1A
500 KV. LINE NO. 500 KV. LINE NO. 1
TO WAN TO THA TAKO
SR18 VUSA YU4B v
2500, : 2500,/4300:1
SS18 | -~ -
300/300:1A - gy o o 5= T
300/100:1A = iy )
PSR —@& i N8
SR1A _g- -l. =
8903114 3 J
- 2
@ ) e
S0311AG "su E‘& U 1-2s00/400 1 ss48
|| a Ph B" ONLY =l
9031 1G(HS) . 90421G(HS)|
T 1
90315G9§\9 315 \ 90415699(:415 \Npo421
Qu3a g - QUAA -
3-300/3000:1A & 3-300/2000:1A
3-300/3000: 1A ._._(@x 3-300/2000:1A
3-300/3000:04 § | 42V 3-300,/2000:14 § 1
90312 Ha- 90412
Qu3B Qu4B
3—-300/2000: 1A 3—-300/2000:1A
3-300/3000:1A 3-300/3000:1A
3-300/3000: 3-300/3000
9031 4G 9041 4G
90314 90414
9031 4AG(HS)+—> 90414AG(H3)«JQ§4—
903246 90324 { 90424G 90424
Quic . - Qu4c -“_@
3-300/2000:1A 3-300/2000:1A
3-300/2000:1A & 3-300/2000:1A &
3-300,/2000: 1A 3-300/2000:14 &
90322EEFC) 90422 39
Qu3ip QuU4D
3-300/3000:1A 3-300/2000:1A &1
3-300/3000:1A 3-300/2000:1A
3-300/ 3000, 33 3-300,/2000;
90323G ;I 1-2500/4860 1A 90423G — i
90323 = vouy, .@. o 930423
90324AG(H5)«JL# 3 90524AG(H5)«J*#
903:6"653% 90333 2 904%9‘(3 90433
3-300/3000:14 o : :
3-300/3000:1A :
3-300/2000:1A :
90332 ) 90432[?69
:?gg;m:u :__r(@ .
3-300,/2000:1A : Jiji=is)
3-300/2000;
903356 —» 1=/
??333§;£%9°321 9043§;£59°411

S0321G(HS)

TO STA COHT——@
TO STA. m“—@ )
won  KT1A

O Y

4000:5A

(23 M0

KT1A
OA/FA/FA

STiC
3-1Ph=120/160/200 MVA 2291F
525/242-22 KV awiA

2000:1
2000:1

TO KW2A
|

TO 230 KV. BAY 11

s 1

Ery 1G(HS)

OA/FA/FA sT2C
3-1Ph—120/160/200 MVA
525/242-22 KV

TO 230 KV. BAY 12

< - : . =
31 4.1 208199 9UN 9904 Single Line Diagram ar01i IWmssganussen

(aadsmdiloany)
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411 wazdeaaoitlvihusiganuesasn (Nong Chok ; NCO-Substation) [4]
gunsaite Indhluaoil Ifhussqanuesreniiseduusedu 3 szdu'ldun 115 kv,
230 kV uag 500 kV 115 uag 230 kv fdnumeziiiu Switchyard ginsaitie ihdadsey

v
AA19U39 (Conventional Type) UATIMTY 500 kKV iy Grs. (Gas Insulated Substation) AAAY

¥
=

luems Taolisazideasuiugilnsalas

- M990 (Bus arrangement) SAtfaeuseAULs Ry
- 500 kV GIS. Breaker and a Half Substation ,
- 230 kV Conventional Type Switchyard Breaker and a Half Substation
- 115 kV Conventional Type Switchyard Double Main Bus and Double Breaker

Substation

1993 (Transmission Line) Sinumudaimue 9 ?Eaa
- 500 kV Line to 33108 (Wang Noi : WN) 3 lines, #1102 1n (Tha Tako) 1 line, 1/a7n
1A (Pluak Daeng : PDG) 1 line
- 230kV Line to U141/2n4 (Bang Pakong) 2 lines, 89U1% (On Nuch : ON) 2 lines

- n¥ouias (Transformer) Hintioulas 5 4o
- 500/230 kV 3 x 200 MV A Auto Transformer 2 sets

-230/115 kV 200 MV A Auto Transformer 3 sets
. %‘uﬁgtLBﬂlﬂﬂ{(Shunt Reactor) : 72.5 MVAR 1 set

- ahdmesiuen (Capacitor Bank) UN411a 8 steps
-230kV 60 MVAR 3 sets
- 115kV 48 MVAR 5 sets

o @It uta Inih (Generator) : Gas Turbine 150 MVA 3 sets

da o
*  IHRINALUIAINDS (Circuit Breaker) 49 sets

= o a
- Swadilosniu (Relay protection) 63 sets

¥ Y
o =

° Lol =
viatliaugunsaiae Tihvesanil lifhwssganuessenaugalii 4.3
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3UN 4.2 Single Line Diagram aro7il IWfhusageInstios (raasSmstoadin)
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LE. Y

(OON) NOILVLEENS HOHO DNON £OOE WAMFOAON | _2iv0
WNYHOVIA ONIHOLIMS [y Sowd e at om0
INFWLHVYJIA NOILVYId NVII1OdOHLIIN
ANVIIVHL JO ALIMOHLNY ONILYHINID ALIDMLOTE
£ WAN 0P L
T8 [
MM TRINDO MR TMIND VvaN oy TN H—t—n" ty ]
s saloL o i
e —— Ko
verime
=™ s
O P e ™ 2 ™ s
_n.e.I.%x . ceame | ¥ oo Py cte008 - crooes b cerece | A cocom ceanca
2tme axima 9008 xc00e _u__ulil 2co0n 2c2008
i j ceves o jamm Tamt Tam| Lem| )
M..Bﬂ 4. eama c2ccm eroe ase cavo0m c2coe ezactn
;L roa A‘ ot e e Elt ] Z2coo azvice 0008 ey
7] vaann vimion Youmn raseon yacaoe yavoon v2cmoe saon
S e [} v w1 1 [ v [ v
\_.#.Ju e e Tume 008 700 avoen Tee e
A s cnne 12000 £19008 £10008 S1r008 swoss | ¥ sTmoe
R L] s |
WL E WIXAI TR AN L]
TE WL RROU ¥ o
o.w.o.U.ﬁ, ISR L mE EE
x s S : 4r_....w>““
— — R
- moey o7 10002006 TR \_I.umwn i
700 sneAw0R o = TR ek b o L e ‘A
Toest (= 1&8.. { vome § vewe L) vime .| vexe L) vame oo
M-M..Pa Teeves Mnﬂ. E 08 ET 28 E .
ces Tetves o r 2 " %,
— 4 " wowersos 4 [ covovevss lﬁi . bt 3 P
= 2 || 1. = saz oot eggen
= = - 5= R e
vaxs vase vaves =" e
[ cooovrisos e o T -ﬂ
o

lﬁm wnn J.mm

ZSLIEYS ZO'ZTL—LLOSSLL

( OON ) OHD ONON

L=

— v
(=]

]
=

Siadilaariu) [4]

1WA wssganuesven (linaas

N 4.3 Single Line Diagram @0
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412  eazegaanitiiussgdnsifes (Sainoi ; SNO-Substation) [4]

gunsainte I luaarii Inlfhwseqeinsdeelseduusefu 3 szduguiReaiy
nue9en ldun 115 kv, 230 kV uag 500 kv 115 uag 230 kV iidnumziy Switchyard
Q'ﬂﬂ‘iﬂIﬁ]"IUUMﬁ‘IaﬂgdﬂglﬂﬁNu%ﬂ (Conventional Type) uad M5y 500 kv 1ilu GIS. (Gas

a 3 = = o o o ¥
Insulated Substation) Aagalueins lasliswazBoaiiuiuginsainadl

. M39A1A (Bus arrangement) Un15 AL aausEAULI AU JALA
- 500 kV GIS. Double Main and Transfer Bus Single Breaker Substation
- 230 kV Conventional Type Switchyard Breaker and a Half Substation

- 115 kV Conventional Type Switchyard Double Breaker Substation

- @1vd (Transmission Line) $1aumodananyadi 20 suda §aii
- 500 kV Line to 99u1)9 (Chom Bung : CBG) 3 lines,’ffdﬁﬂﬂ (Wang Noi : WN) 3 lines
- 230 kV Line to 814M949 2 (Ang Thong-2 : AT2) 2 lines, 598# (Rang Sit : RS) 2 lines,
YNDNYIDY (Bangkok Noi : BN) 2 lines, Tl 2 (Ban Pong-2 : BP2) 2 lines

- 115 kV Line to M3 1W#191in1a (PEA) 2 lines

- wieuiad (Transformer) fingiouilasinau 5 ya
- 500/230 kV 3 x 250 MVA Auto Transformer 3 sets

-230/115 kV 300 MVA Auto Transformer 2 sets

- mhdwesuven (Capacitor Bank) ianue 7 steps
-230kV 72 MVAR 2 sets
- 115 kV 48 MVAR 5 sets
+  1BOSAAITAIABS (Circuit Breaker) U31UIUTIAY 56 sets
- Sindtlosfiu (Relay protection #1Flumsilostuginsaiane 1) H1muau 74 sets
& : - 5 &
naismaugdns e Idhvesaniil Ifus sge Insdosnugili 4.4 Fuilu single

Line Diagram tarasiuaugilnseisio Inianua
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(ONS) NOILYLSENS ION IVS £00F Wy 1 o N D

WYHOVIQ ONIHOLIMS e . W & % a4 30 wem H e L e
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UNN 5
0 ] d
ﬂ]ﬁﬂ1ﬂ1!!ﬁﬂﬁﬂl@ﬁw@ﬂﬂ

Tagl¥lasevadlszaniness

4 @ o - P =) = . o
Welimgmsnivades (Faul) Jufiaorillvfussgeesil Alarm  Signal 1921370

] ] = a o o Y] P
@9H1U Remote Terminal Unit (RTU.) lineuimesvesguiaiugu winanuiduisluy
o 9 ) o o 3y A a P a Loy ik
vaznudosldnauazanusiuglumsianudily Welinsizinmsnaneadufaui
o o o . ] A 1 i a
la e lumsiissuundufy (Restoration Time) 1511114 1305 wuvifians wudleda

v 4 ¥
Wead lumedsiddgenmIdife Idudu ldidosnn lannsatie nan 1difiane

v
= o

s 9 o [ - | ] = -:? A o ]
Mg ldnarlunisiszuunduawduldedrssaaii13u denisiilaseyie

=t 1 v a @ a P o & T
Uszamidion (ANN.) 1ngaelideyalunisdadulefuminnunsigudniuay dalaseie

q

Usgmmidisuiianuainise lumsGeuifeddudoidowny liiFadunarorialdess

wiudmeluveumadeyaiiGon? nuiseisIdimue s selssmmifiouaiaundan
fouUndy (Back Propagation Learning) uazyianuiezdy (Probabilistic Neural Networks)
TumsSouiaanzvesodieosiuuazimesimusnines luvazifaveaduazaunsnsey 14
IleadiAniuiila Tnel9deyagunsaiaeWfiaaril Ifhussganuesnen (Nong  Chok
Substation ; NCO-Sub) uagan1il v#wsegelnsiles (Sai Noi Substation ; SNO-Sub) il

s T 43' LY = =
A798190 1% luMsAnE1I9Y

= U = 9/
5.1 ﬂ"l‘i!ﬂ‘if.m“!lﬂiﬁlﬁNﬂﬁ'ﬂu!!ﬁ%ﬂ]ﬂyﬂﬂﬂﬁﬂﬂ
9 P 9 ' = kY =) o )
Yoyailgrnaewaznaroy Tassodszaniiion  Tdunnamuzvessiaddeadiy
da o’ & A
LAZIYRINAITNINDT 11U T2UY EGAT-SCADA Fefijiuuumilowauguaes (Binary ) fie “0”
=) == L4 = et 1ed ° 3/
g “1” si‘luauww (Input) NIWUSTIAY “0” HIeDanNIINsEad luinsiianu (Operate) 911 “1”
= A < o ) a da 4 9 o o = da
nnedssmdhnudmsdaesnawsmnes uasduiumasiausnnes <07 vuwde esna
g 1 @ a ' ] a o
wsnnesegluaniuznihdudalla (Close) ma"lﬂag;ﬂuﬂﬂm 1«17 uara dumesamusn
L4 @ ar a = a 1 {
wnesnihdudmla (Open) n3ogndalinsal (Trip) vinTiadtloaiu Tudwvesdoyaiuiiu
J o o - ' P ] 1w '
101NN (Output)  MiuIAvIse ldunnisigunssineInlduntia (Bus), arvds
Wi = & ¥ B e
(Transmission Line), niouilas (Transformer), FUNIUDNIADS (Shunt Reactor), CE LRI

) o o = L]
1W#1 (Generator) uazaGimosuuar (Capacitor Bank) n31le8n1InszUUATEITE

Y

= ~

o o s a ar A a
mas Wi Taefinnuduiusiudunn lasass deannsoag1ds
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v a o i
Payasunnuaziawnanil i wssgaruesaen

) a 3 o a o & £ o Y v
1. deyadunnninuadimiviannuisgalszneudieduiudoya 112 doya

i
oda < o E
- A0SR AAININGS 31U 49 Toya
=t 4 9 ° ¥
- anmgsmitlesiu $1uau 63 Joya

Y] o do a 5 w

2. doyadnniiduiusiudunniianuadl 6 Aunisesmsiianead faii
- vieadiita
- Woadfimuds
- vloadindeuas
- ﬂﬂﬂﬁﬁ Shunt Reactor
- yleadfianhdmesuuan
= ﬂaaﬁ'ﬁ Generator
widyniinnsaiunlFlunsaouTasshedssarmifionimay 180 gauriay
Snvaizdeyaii 145000 EGAT-SCADA fail
- dleamuzuedsindviomesAasninesnam 1 dayaat 90 foya Fema

=

3y A As  d A da Sl 1 o a &
'E]'ﬁ]!flull‘ljulﬂlu@\‘ﬁﬂﬂﬂ'ﬁiﬁmEJ"H‘SﬂL“ﬁﬂiﬂﬁLUiﬂLﬂ@iﬂ]1MW1ﬂ1uG]'Ill'ﬂﬂﬂ Iﬂﬂ@’ﬁl‘b’"lﬁqﬂ

g
iadoa nemsdsdyananngllnsal l1ds EGAT - SCADA datiea
- dmuzvessiadvsaesnAINNeSIAY 1 danm 90 doya
o ar o a 9/ 1 =1 =1 Y P =) o
dinfueannildnaaeu Tassiwdssamifiond 25 doya Neaormuzanssiaduas

da o a [ $ o = o
LRINALLSNINBINTUTNY TN 51Uﬂ3L§UﬂﬂQﬂ151Qﬁ 5.1ua% 5.2 Llﬁﬂ\iﬂ—luquﬂuwﬂ“azl@1ﬂww

Yoyadunnuazimannanil i egalnsiden
9/ a qs: o ) o & Y o b 9/
1. UpynaduNNNIMuATmIMIueIANNNLNYA Usenoualediuaudeya 130 4oya
uyalu
- ADMZIFDINAILTAADS 912U 56 Toya
= o @ o -
- amugSmotlesiy S 74 deya
o A ar e @ a 3 = ° ] =Y a dy
2. Jeyamanniiduiusiusuwnianuadl 4 AMuntsvesmsiianead fail
Jd’ ar
- yloaania
- Yeadnmeds
- yeadnniteuilas
Ja a o o
- Yeaananamaesnuen
o A o L] =1 o ]
ednninsamihnldlumsaeuTnseielszamiondiuo 204 gautisay

' ¥
anyuzdoyain 159N EGAT-SCADA fsil
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A = Jd A da o @ 9
= IUDADIUZUDITIAYNTAYDINALUINNDIVIANIY 1 Tyt 102 UBya
= ¢ A da d a o v
= ADTUSUVTATHIDYDINAIUINUADINUY 1 YW I 102 voyn
o o o Aq ¥ ' a - Y} P a o
f'ﬂ'ﬁi‘]_llﬂ'lﬂ‘i‘!ﬂﬂtl‘]fﬂﬂﬁﬂﬂIﬂﬁﬁ‘iﬂﬂﬂﬁgﬁﬁmlﬂﬂﬂﬂ 34 UDYa NANUTUITIDULAY

= d ) =
ivesHmININBSATUANYTEl wazBuamumINazlf 5.1 uag 5.2

v ¥
M519% 5.1 uaasd i Iudoyadunmn voansdes Sub

INPUT NCO-Sub (%) SNO-Sub (%0)
BKR. 49 56
Relay 63 74
Total 112 130

U v
M13199 5.2 uerAd I IUTOYADIAYN VBT IADI Sub

OUTPUT NCO-Sub SNO-Sub HIwIHE)
¢ 1)) (%)
Yoy U /P 414 1 90 102 A M5 Train
Feyay1u I/P 1A 1 90 102 T Train
Tayayu /P auysel 25 34 AWMU Test

MINN 5.3 uaawitegensmIvudeya nput /Output Tug1uuy Binary

Input RTU. No. : 22 30 94 112 128 142 160 166 186 232 240
Outage Equip 90312 [ 90322 | 90422 | 90432 | 90512 | 90522 | 90532 | 90612 | 90622 | 90332 | 90412

1 | 500kVBUS 1 1 0 0 0 1 0 0 1 0 0 1

2 | 500kV BUS2 0 0 0 1 0 0 1 0 1 1 0

3 | 220kVBUS 1A 0 0 0 0 0 0 0 0 0 0 0

4 | 230kV BUS2A 0 0 0 0 0 0 0 0 0 0 0

S | 230kVBUS IB 0 0 0 0 0 0 0 0 0 0 0

6 | 230kV BUS2B 0 0 0 0 0 0 0 0 0 0 0

7 500 kV Line to 1 1 0 0 0 0 0 0 0 0 0
WN no.1
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o s g
MINIUFNOIUYBYA (Transform)
iWanndunnaauzSiaduazivesnawsmines i wauunds 112 uaz 130 Suwn
] v E 1
Tumal§iasatluseseniez 1S uaudunmnnsuniviinaou Tassielssmmnidion e
Wlumsaanarlunmsinasualinismsudwosy (Transform) Tasdangudeyadunnesndy
28 NqY 9 az 4 Bunndos udvhmsulasnnmegiuasaiiugiudy ez ldsunmlmidaeg
F
1 s = -] 1 = 1 é
FTNIN 0 - 15 Nanua 28 dunn udavah llaeulassiwlszemiioudsly Fsaansoan
' Ed
nalumsasu ldidusdiann dedudeyaiildfinaouTasshelssamifiouiisail
nsdiaynilunisiianeadfivains 500 kv Bus No.1 aonil i ussganussson
ya - o s A
vz IddunnanuzvesSiaduazimes nusninaTAatl
1. 87B1-1 : Bus Differential Relay A7l 1 489 500 kV 17df 1 %191 dan3tlaesnasn
a o & 1 o VoA @ 1 1
inesanTanndad lduAmugmaesiumiish 89 mufieead e
2. 87B1-2 : Bus Differential Relay %@ 2 483 500 kV 1 1 #1191 danshwesnawsn
= o o & 1 o ] 4 o 1 '
inesantanndide ldufnuguassdumiieh 91 mudiesaduai
tﬂ'q o ar = l& J o ] {
3. 500 kV Circuit Breaker fiaatia 1 naamsUds ldunmugiudesdumiai 1, 5, 8
a 1 9/ 1
ez 11 U081 1Ha1
v kY a o v [ g
v lgadeyadunynmugiuasaiiuay 112 Joyadsil
“1000 1001 0010 0000 0000 0000 6000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 1010 0000 0000 0000 0000 0000”
1 Ed
({18%1115 Normalize 3¢ Iddunmiluaugmdusiuou 28 doyadail
“8 9 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 10 0 0 0 0 o0
] a Y A o d 9 ac dy o kY o @ o 1 a
ata lsnaudeidevesnmsnsuddesudeyaiti i ldanudiAgvesdumisin
o v P A o o v a T ow 1A 4 3
wasulndmdediedlueugiuassanudidgudazinmiiiu ualiensudresuiy
= Y a0 L ) ' ) 3 dyw 9 ' )
magduudszin iy luudazin Nelldnuaz Inssadaveslnssdhodssmnifion

= = 3 = kY =
M3l 5.1 Hazs1vaBsATunI U5 8NTBYDN 1N Flow hart 317 5.2

Inputs Neuron with bias
p(1)
2 E
Input : d0ULIIA0, P(2) Output
n a o '
s ion —— AUHUINT
SNBSS Summation -@—»
ianead
b a = F(w'p+b)

n:; 9 1 =1 Aaa o g
3UN 5.1 uaaslaseain lnssnelszamiioniisunn e awnaui ldau
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| b2 a 4o
i - Ve yAd A 1A

Y L
J0MEBKR&Reyy  / SO
NCOSNO-5 - Ay | dog
} v ! Y
Lﬂ?ﬂuﬁuﬁﬂﬁumayaﬁgm: | Nommalize
Cirit Breaker & Relay f : vayalaoidy
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6.2.2 lnssnedszanmineusiianaushazily (PNN)

M3 6.3 LAAIHANIITNATDL PNN NCO-Sub

. 3 F9UNT3 Ay
$ruaudeya ,
3 Hnaou- (ui) a1 Error
naaU )
ATy A

(32
90 675 2,155 0
120 497 1.834 0
150 477 1.830 0
180 431 1.767 0
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Percent Error (%)

o

" =90 A
usuifpuneafinaeu-naey PNN o nuesoen
— 120 %A

- 150 4A

— 180 %"

|

1 58 115172229 286 343 400 457 514 571 628

dumseunIsHnan

310 6.4 nsmluaasmdanarafiouiuiuuseuiitineaou PNN NCO-Sub
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MINWANINATBIAI197 6.3 taz3Ui 6.4 annsoimsizing lansil

o ' L4
msseydumnuvliaad

1.

Tassedszmniionsiia PN szyduniisrload 18 Tasfigadoyarinden 9o,
120, 150 uag 180 MAAWAIAMIEA (Min eror) 1L 0% usazlddmausoy
mafuveadazyadoyafifnaounio Idmaanmaitiu 0%
fiswnugadeyaindeu 90 yalassielszamifionldseumsilnasy 675 sou
mRanmaisanauily 0%

fistuangadeyatinaeu 120 galasstiodszamifionldsounisinaou 497
soumAanandsanauilu 0 %

c;o 9 ﬂ 1 | = 7 =8
himugateyarnaeau 150 galassuivlszamimnonldsounisinaau 477

a QU

=2

souARanaInvsanauiiu 0 %
niuaugadoyarnaon 180 galasevielszamiionldseunsinasy 431

spumAanaIndIanaudu 0 %

nnmsiurgmsaliiarlead 25 mamselnnaaey Taseiszamiiousiia PNN

1 9 1] T ) Y1 a
vesusazyateyarndeunyd PNN Hanuuiuigelasynyadeyainaeus dmAanaa

° o = ° 3 o
Mgatu 0% MiseduseuvesmsAnaauIzaeiy
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6.3.1 lnsevrelszanninenydiaunsndounay (BP) -

M9 6.4 Laaswamsnaaeylasaielssaminsusiaunsadeundy (BP) SNO-Sub

Tasnaasmianain luiaag Inseasnvesgadoyarndou

112

- % Error vsawanadeuandeyanaaey 34 4a

,, s lasadaves ANN 9 uuy

LG

Hnaeu

(7 2-1% | 32 | 43| 5-4 | 65| 76| 87| 9-8 |10-9
102 |35.29]17.65]120.59]20.59 |23.53114.71] 8.82 | 20.59 |11.76
136 |14.71|23.53111.76|14.71| 8.82 | 5.88 | 2.94 | 2.94 |11.76
170 12647 |11.76]1 294 | 588 | 2941294 | 5.88 | 2.94 | 5.88
204 [20.591] 0.00 | 0.00 ] 2.94 | 0.00 | 0.00 { 0.00 | 0.00 | 5.88

¥ v
* 2 2-1 Aedaududszamlusugoun 1 uag 2 audey

M3 6.5 uaaslulszamini i1 % Eror diganaznan 1y

uaaz Insaadialy ANN 111 BP SNO-Sub

fnudoya | nadld | Swaud .
- 2 % Error digavesna
Hneou aou | dszamlugu
. . MInAToY
() (ui) Houl-2
102 41.21 8-7 8.82
136 56.33 8-7 2.94
170 14.20 4-3 2.94
204 9.66 3-2 0.00
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NANANITNADYIUAT1N 6.4 89 6.5 1Azl 6.5-6.6 AwsaTInTIEina ldda]
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MIsTYA MU

1. Tasshoszammifiond 85umsiinaeusinly 500 ase gadoyanndou 102 ya
wuhlnsstolszamifiouyila BP szydumialend las mianaadiga (Min
error) WML 8.82 % AIAANAIAGIEA (Max error) 1101 35.29 %

2. TasstwdszamifouiiriunsinaouTas99oyafinaou 136 ga aunsa 52y
fumisdeadlay AmAawmadiga (Min emor) 1M1 2.94 % AIAANAIAGIAA
(Max error) W11 23.53 %

3. TasswdszamidouiimumsiinaouTaol9deyafinaou 170 ga aunsa sy
dumianead s siAawmARIgA (Min error) WL 2.94 % MAANAIAGIYA
(Max error) (N1 26.47 %

4. TasehwdsyamiouiiriumsinaouTasl#oyafinaou 204 ga aunsa sey
funiaondlas AiRanmadiga (Min  eror) 1RV 0% ARANDIAGITA
(Max_error) 11101 20.59 %

vinmsiumgmssiifianead 34 mgmssinmaaeu Insstiedszamifionii 1a5ums

3/ i ]
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Sanarudidemsnageunide uwuiwad l§Und  dmiulassadieeslnasseholsyam
Lﬂauﬁmﬁﬂwmﬂmmﬂ“mwﬁma’;mﬂﬁaIﬂsaﬂ%"w 3-2,4-3,6-5, 7-6, 8-7, Ilag 9-8

nalslumsinasy

Tnsenodseannidionldnarlunmsinaeu lugadeyalnaou 204 gaii IddiAanain

frgadiu 0 1919a1 9.66 u1it Tulaseade 3-2
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6.3.2 Insenelszanmimenusiannuihazily (PNN)

A13197 6.6 LUAAIWNANIINATOU PNN SNO-Sub

. v TOUMS a1y
Fmaudeya ;
4 Hnaou- (u) 1 Error
nereu :
naToU Aen
(37
102 731 2.445 0
136 657 2.437 0
170 322 1.335 0
204 318 1.483 0
\
i nSouiiisunainaeu-namey PNN ol Insiion = 102%a
| 136 %R
| —_— 170 %A
_—2049n

Percent Error (%)

1 59 117 175 233 291 349 407 465 523 581 639

auseumiinaeu

311 6.8 nmuerasmAanaAiouRUSILILTBLTRRAOU PNN SNO-Sub
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1. Tasededszamifiousiia PNN szydumisend 14 lnshyadoyatinasu 102,

U

136, 170 1ag 204 AHANAIAMIGA (Min error) 111U 0 % uavz1¥d1uauson

! ar ]

Aunuvedazgadeyafinnaounde IdmAanataiiu 0 %
2. fnwangadeyarnaou 102 yalaseiiedszamifouldseumsinaen 731
soUARANAIATIaRaiiL 0 %
dl. o 9} ] I=1 9
3. ndwaugadeyarnaeu 136 ya lassindseamifionldseunisinaou 657
seUMAANAIATIanauiiu 0 %
= o - ' =t 3
4. nwmgadeyarindeu 170 yalassdiedszamiiion1¥seunisinasy 322
soumAananleanaiiu 0 %
~ o 9 ] = 9
5. Adwaugadeyarinaeu 204 ya lnssiisdseanidiou1dseunsinaen 318
sRUMAaNaIATsanauiiu 0 %
nnmsiurgnIssliiaean 34 megmssimaaeylnsstelszmmiiousia PNN
' 3/ =2 ' = 1o v VY1 a
younazgatayaHnaaunyI PNN dnnuuiuigelaonngadeyarnasuse Idmdanaia
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6.4 wamanaaeulSaunsuiumnavawaazaa it inyh

6.4.1 amilldhussganuesaen

d' =l = o 1 ] = 3 a A
M3 6.7 Wisuifvueaynszninlaseedszmmifisuiaessind 90 yalneaou

Outage Equipment Output Y839 ANN
NCO-Substation BP PNN
1.500kV BUS 1 500 kV BUS 1 500 kV BUS 1
2.500 kV BUS 2 500 kV BUS 2 500 kV BUS 2
3.230 kV BUS 1A 500 kV BUS 2 230 kV BUS 1A
4.230 kV BUS 2A 230 kV BUS 2A 230 kV BUS 2A

5.230 kV BUS 1B

230 kV BUS 1B

230 kV BUS 1B

6.230 kV BUS 2B 230 kV BUS 2B 230 kV BUS 2B

17.500 kV Line to WN#1 500 kV Line to WN#1 500 kV Line to WN#1
8.500 kV Line to WN#2 500 kV Line to WN#2 500 kV Line to WN#2
9.500 kV Line to WN#3 1500 kV Line to WN#3 500 kV Line to WN#3
10.500 kV Line to WN#4 500 kV Line to WN#4 500 kV Line to WN#4
11.500 kV Line to TTK#1 500 kV Line to TTK#1 500 kV Line to TTK#1
12.230 kV Line to BPK#1 230 kV Line to BPK#1 230 kV Line to BPK#1
13.230 kV Line to BPK#2 230 kV Line to ON#1 230 kV Line to BPK#2
14.230 kV Line to ON#1 230 kV Line to ON#1 230 kV Line to ON#1
15.230 kV Line to ON#2 230 kV Line to ON#2 230 kV Line to ON#2
16.Transformer KT1A Transformer KT1A Transformer KT1A
17.Transformer KT2A Transformer KT2A Transformer KT2A
18.Transformer KT4A Transformer KT2A Transformer KT4A
19.Transformer KT5A [Transformer KT5A Transformer KT5A
20.Transformer KT6A Transformer KT6A Transformer KT6A
21.Shunt Reactor SR1 Shunt Reactor SR1 Shunt Reactor SR1

22.230 kV C-Bank step 1

230 kV C-Bank step 1

230 kV C-Bank step 1

23.230 kV C-Bank step 2

230 kV C-Bank step 2

230 kV C-Bank step 2

24.230 kV C-Bank step 3

230 kV C-Bank step 3

230 kV C-Bank step 3

25.115 kV C-Bank step 4

115 kV C-Bank step 4

115 kV C-Bank step 4
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Accuracy (%)

§ T o v (4
5101 6.9 nsuaasaulesidudanugnaslumsssydumisead NCO-Sub
(3ARNTDU 90 %A)
3

H = 4 ar
PNHANITNARDINITIN 6.7 ANWTDAATILHHA TARai]

o " o
ﬂ']iﬁ:-’ljﬂ'lu‘l"mﬂﬂﬂ'ﬁﬁ

1. Tasshedseamifioysiia BP szydumiaload Aawain 3 4a 1Inganade 25

%A
' a o 1 d
2. Tasswdseamifionsiia PNN szydumiaoad ldgndesnua
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3 =1 = o 3 ] = 3 a a
ﬂﬁ'l-i‘ﬁ 6.8 LﬂiEJ‘IJmU‘IJLB'IWI‘!‘V'I3S‘H’J’NTﬂ‘iQ‘lﬂﬂﬂ‘igﬂﬂﬂmtmﬂﬁﬁﬂﬁ‘]ﬂ&ﬂ% 120 ‘Igﬂ?lﬂﬁﬂu

Outage Equipment Output U939 ANN
NCO-Substation BP PNN
1.500 kV BUS 1 500 kV BUS 1 500 kV BUS 1
2.500 kV BUS 2 500 kV BUS 2 500 kV BUS 2

3.230kV BUS 1A

230 kV BUS 1A

230 kV BUS 1A

4.230 kV BUS 2A

230 kV BUS 2A

230 kV BUS 2A

5.230kV BUS 1B

230 kV BUS 1B

230 kV BUS 1B

6.230 kV BUS 2B 230 kV BUS 2B 230 kV BUS 2B

7.500 kV Line to WN#1 500 kV Line to WN#1 500 kV Line to WN#1
8.500 kV Line to WN#2 500 kV Line to WN#2 500 kV Line to WN#2
9.500 kV Line to WN#3 500 kV Line to WN#3 500 kV Line to WN#3
10.500 kV Line to WN#4 500 kV Line to WN#4 500 kV Line to WN#4
11.500 kV Line to TTK#1 500 kV Line to TTK#1  |500 kV Line to TTK#1
12.230 kV Line to BPK#1 230 kV Line to BPK#1  [230 kV Line to BPK#1
13.230 kV Line to BPK#2 230 kV Line to BPK#2  |230 kV Line to BPK#2
14.230 kV Line to ON#1 230 kV Line to ON##l 230 kV Line to ON#1
15.230 kV Line to ON#2 230 kV Line to ON#2 230 kV Line to ON#2
16.Transformer KT1A Transformer KT1A Transformer KT1A
17.Transformer KT2A Transformer KT1A Transformer KT2A
18.Transformer KT4A Transformer KT4A Transformer KT4A
19.Transformer KT5A Transformer KTSA Transformer KTSA
20.Transformer KT6A Transformer KT6A Transformer KT6A
21.Shunt Reactor SR1 Shunt Reactor SR1 Shunt Reactor SR1

22.230 kV C-Bank step 1

230 kV C-Bank step 1

230 kV C-Bank step 1

23.230 kV C-Bank step 2

230 kV C-Bank step 2

230 kV C-Bank step 2

24.230 kV C-Bank step 3

230 kV C-Bank step 3

230 kV C-Bank step 3

25.115 kV C-Bank step 4

115 kV C-Bank step 4

115 kV C-Bank step 4




120

] Accuracy (%)

U7 6.10 nsluarasmnlesidudnnugndealumsszydumianead NCO-Sub

(gARneOU 120 3A)

1 v
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1 =1 =Y o 1 o a
L Inssviedszenminousiia BP szydumuanons Hanaia 1 4a 9Inganaqoy 25
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1 = a o 1 <0y ¥
2. Ipsawilszamifisusiia PNN szyduviadean 1agndsanua
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d' = = o v 1 = z a A <Y
MINN 6.9 WisumsuoannIznIn Inssnodseanniouisaesriiai 150 garnaou

Outage Equipment Output 483 ANN
NCO-Substation BP PNN
1.500 kV BUS 1 500 kV BUS 1 500 kVBUS 1
2.500 kV BUS 2 500 kV BUS 2 500 kV BUS 2

3.230 kV BUS 1A

230 kV BUS 1A

230 kV BUS 1A

4.230 kV BUS 2A

230 kV BUS 2A

230 kV BUS 2A

5.230kV BUS 1B

230 kV BUS 1B

230 kV BUS 1B

6.230 kV BUS 2B 230 kV BUS 2B 230 kV BUS 2B

7.500 kV Line to WN#1 500 kV Line to WN#1 500 kV Line to WN#1
8.500 kV Line to WN#2 500 kV Line to WN#2 500 kV Line to WN#2
9.500 kV Line to WN#3 500 kV Line to WN#3 500 kV Line to WN#3
10.500 kV Line to WN#4 500 kV Line to WN#4 1500 kV Line to WN#4
11.500 kV Line to TTK#1 500 kV Line to TTK#1  [500 kV Line to TTK#1
12.230 kV Line to BPK#1 230 kV Line to BPK#1  [230 kV Line to BPK#1
13.230 kV Line to BPK#2 230 kV Line to BPK#2  [230 kV Line to BPK#2
14.230 kV Line to ON#1 230 kV Line to ON#1 230 kV Line to ON#1
15.230 kV Line to ON#2 230 kV Line to ON#2 230 kV Line to ON#2
16.Transformer KT1A Transformer KT1A Transformer KT1A
17.Transformer KT2A Transformer KT4A Transformer KT2A
18.Transformer KT4A Transformer KT4A Transformer KT4A
19.Transformer KT5A Transformer KT5A Transformer KT5A
20.Transformer KT6A Transformer KT6A Transformer KT6A
21.Shunt Reactor SR1 Shunt Reactor SR1 Shunt Reactor SR1

22.230 kV C-Bank step 1

230 kV C-Bank step 1

230 kV C-Bank step 1

23.230 kV C-Bank step 2

230 kV C-Bank step 2

230 kV C-Bank step 2

24.230 kV C-Bank step 3

230 kV C-Bank step 3

230 kV C-Bank step 3

25.115 kV C-Bank step 4

115 kV C-Bank step 4

115 kV C-Bank step 4
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E Accuracy (%)

BP PNN
s 611 asmuaasruesifudnnugndeslumsseydumianead NCO-Sub
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123

v v ]
maed 6.10 uiSeufiouedwnszniteInsetelssamiiouisaesriiai 180 garnaow

Outage Equipment Output Y83 ANN
NCO-Substation BP PNN
1.500 kV BUS 1 500 kV BUS 1 500 kV BUS 1
2.500 kV BUS 2 500 kV BUS 2 500 kV BUS 2

3.230kV BUS 1A

230 kV BUS 1A

230kV BUS 1A

4.230 kV BUS 2A

230 kV BUS 2A

230kV BUS 2A

5.230kV BUS 1B

230kV BUS 1B

230kV BUS 1B

6.230 kV BUS 2B 230 kV BUS 2B 230 kV BUS 2B

7.500 kV Line to WN#1 500 kV Line to WN#1 500 kV Line to WN#1
8.500 kV Line to WN#2 500 kV Line to WN#2 500 kV Line to WN#2
9.500 kV Line to WN#3 500 kV Line to WN#3 500 kV Line to WN#3
10.500 kV Line to WN#4 500 kV Line to WN#4 500 kV Line to WN#4
11.500 kV Line to TTK#1 500 kV Line to TTK#1  |500 kV Line to TTK#1
12.230 kV Line to BPK#1 230 kV Line to BPK#1  [230 kV Line to BPK#1
13.230 kV Line to BPK#2 230 kV Line to BPK#2  [230 kV Line to BPK#2
14.230 kV Line to ON#1 230 kV Line to ON#1 230 kV Line to ON#1
15.230 kV Line to ON#2 230 kV Line to ON#2 230 kV Line to ON#2
16.Transformer KT1A [Transformer KT1A Transformer KT1A
17.Transformer KT2A Transformer KT2A Transformer KT2A
18.Transformer KT4A Transformer KT4A Transformer KT4A
19.Transformer KTSA Transformer KT5A Transformer KTSA
20.Transformer KT6A Transformer KT6A Transformer KT6A
21.Shunt Reactor SR1 Shunt Reactor SR1 Shunt Reactor SR1

22.230 kV C-Bank step 1

230 kV C-Bank step 1

230 kV C-Bank step 1

23.230 kV C-Bank step 2

230 kV C-Bank step 2

230 kV C-Bank step 2

24.230 kV C-Bank step 3

230 kV C-Bank step 3

230 kV C-Bank step 3

25.115 kV C-Bank step 4

115 kV C-Bank step 4

115 kV C-Bank step 4
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= Accuracy (%)

BP PNN
s 6.12 namuaasesifudanugadeslumsseydumianead NCO-Sub

(RO 180 3A)
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6.4.2 s Inlhussgalnsiien

=:. = = o ' ' [=3 3 a o
M3 6.11 WlSouiouedynsznieInsshnlssamfisunsaosaiiad 102 garnaeu

Outage Equipment Output U839 ANN

SNO-Substation BP PNN
1.500kV BUS 1 500 kV BUS 1 500 kV BUS 1
2.500 kV BUS 2 500 kV BUS 2 500 kV BUS 2
3.230kV BUS 1 230 kV BUS 1 230 kV BUS 1
4.230 kV BUS 2 230 kV BUS 2 230 kV BUS 2
5.115kV BUS 1 115kv BUS 1 115kV BUS 1
6.115kV BUS 2 115kV BUS 2 115kV BUS 2
7.500 kV Line to WN#1 500 kV Line to WN#1 500 kV Line to WN#1
8.500 kV Line to WN#2 500 kV Line to WN#2 500 kV Line to WN#2
9.500 kV Line to WN#3 500 kV Line to WN#3 500 kV Line to WN#3
10.500 kV Line to CBG#1 500 kV Line to CBG#1 500 kV Line to CBG#1
11.500 kV Line to CBG#2 500 kV Line to CBG#3  |500 kV Line to CBG#2
12.500 kV Line to CBG#3 500 kV Line to CBG#3  |500 kV Line to CBG#3
13.230 kV Line to RS#1 230 kV Line to RS#1 230 kV Line to RS#1
14.230 kV Line to RS#2 230 kV Line to RS#2 230 kV Line to RS#2
15.230 kV Line to BN#1 230 kV Line to BN#1 230 kV Line to BN#1
16.230 kV Line to BN#2 230 kV Line to BN#2 230 kV Line to BN#2
17.230 kV Line to BP2#1 230 kV Line to BP2#2  [230 kV Line to BP2#1
18.230 kV Line to BP2#2 230 kV Line to BP2#2 230 kV Line to BP2#2
19.230 kV Line to AT2#1 230 kV Line to AT2#1 230 kV Line to AT2#1
20.230 kV Line to AT2#2 230 kV Line to AT2#2 230 kV Line to AT2#2
21.115 kV Line to PEA#1 115 kV Line to PEA#1 115 kV Line to PEA#1
22.115 kV Line to PEA#2 115kV Line to PEA#2  |115 kV Line to PEA#2
23. Transformer KT1A Transformer KT1A Transformer KT1A
24.Transformer KT2A Transformer KT2A Transformer KT2A




MIN 6.11 f1d

- Outage Equipment

Output U834 ANN
.SNO-Sﬁbstation . BP PNN
25.Transformer KT5A Transformer KT5A Transformer KT5A
26.Transformer KT6A Transformer KT6A Transformer KT6A
27. Transformer KT7A Transformer KT7A Transformer KT7A

28.115 kV C-Bank step 1

115 kV C-Bank step 1

115 kV C-Bank step 1

29.115 kV C-Bank step 2

115 kV C-Bank step 2

115 kV C-Bank step 2

30.115 kV C-Bank step 3

115 kV C-Bank step 3

115 kV C-Bank step 3

31.115 kV C-Bank step 4

115 kV C-Bank step 4

115 kV C-Bank step 4

32.115 kV C-Bank step 5

115 kV C-Bank step 5

115 kV C-Bank step 5

33.230 kV C-Bank step 6

230 kV C-Bank step 6

230 kV C-Bank step 6

34.230 kV C-Bank step 7

230 kV C-Bank step 6

230 kV C-Bank step 7

(yARnTOU 102 %A)

o v o
M3seYAnUIean

' '
VNHAMITNAABIAITIN 6.11 UIT0AATIZHHA 1R

Accuracy (%)

3 6.13 nauaasaulesidudinugadeslumsszydmmisiens SNO-Sub
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Outage Equipment Output Y93 ANN

SNO-Substation BP PNN
1.500kVBUS 1 500 kV BUS 1 500 kV BUS 1
2.500 kV BUS 2 500 kV BUS 2 500 kV BUS 2
3.230kV BUS 1 230 kV BUS 1 230 kV BUS 1
4.230 kV BUS 2 230 kV BUS 2 230 kV BUS 2
5.115 kV BUS 1 115kVBUS 1 115kVBUS 1
6.115 kV BUS 2 115kV BUS 2 115kVBUS 2
7.500 kV Line to WN#1 500 kV Line to WN#1 500 kV Line to WN#1
8.500 kV Line to WN#2 500 kV Line to WN#2 500 kV Line to WN#2
9.500 kV Line to WN#3 500 kV Line to WN#3 500 kV Line to WN#3
10.500 kV Line to CBG#1 500 kV Line to CBG#1 {500 kV Line to CBG#1
11.500 kV Line to CBG#2 500 kV Line to CBG#2 500 kV Line to CBG#2
12.500 kV Line to CBG#3 500 kV Line to CBG#3  |500 kV Line to CBG#3
13.230 kV Line to RS#1 230 kV Line to CBG#3  [230 kV Line to RS#1
14.230 kV Line to RS#2 230 kV Line to RS#2 230 kV Line to RS#2
15.230 kV Line to BN#1 230 kV Line to BN#1 230 kV Line to BN#1
16.230 kV Line to BN#2 230 kV Line to BN#2 230 kV Line to BN#2
17.230 kV Line to BP2#1 230 kV Line to BP2#2 230 kV Line to BP2#1
18.230 kV Line to BP2#2 230 kV Line to BP2#2 230 kV Line to BP2#2
19.230 kV Line to AT2#1 230 kV Line to AT2#1 230 kV Line to AT2#1
20.230 kV Line to AT2#2 230 kV Line to AT2#2 230 kV Line to AT2#2
21.115 kV Line to PEA#1 115 kV Line to PEA#1 115 kV Line to PEA#1
22.115 kV Line to PEA#2 115 kV Line to PEA#2 115 kV Line to PEA#2
23. Transformer KT1A Transformer KT1A Transformer KT1A
24 Transformer KT2A Transformer KT2A Transformer KT2A
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Outage Equipment Oﬁtpug_‘liﬂq ANN
SNO-Substation BP ok PNN
25. Transformer KT5A Transformer KT5A Transformer KTSA
26. Transformer KT6A Transformer KT6A Transformer KT6A
27. Transformer KT7A Transformer KT7A Transformer KT7A

28.115 kV C-Bank step 1

115 kV C-Bank step 1

115 kV C-Bank step 1

29.115 kV C-Bank step 2

115 kV C-Bank step 2

115 kV C-Bank step 2

30.115 kV C-Bank step 3

115 kV C-Bank step 3

115 kV C-Bank step 3

31.115 kV C-Bank step 4

115 kV C-Bank step 4

115 kV C-Bank step 4

32.115 kV C-Bank step 5

115 kV C-Bank step 5

115 kV C-Bank step 5

33.230 kV C-Bank step 6

230 kV C-Bank step 6

230 kV C-Bank step 6

34.230 kV C-Bank step 7

230 kV C-Bank step 7

230 kV C-Bank step 7

BP
4 1 o 1 4
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Outage Equipment Output U89 ANN

SNO-Substation BP PNN
1.500kV BUS 1 500 kV BUS 1 500 kV BUS 1
2.500 kV BUS 2 500 kV BUS 2 500 kV BUS 2
3.230 kV BUS 1 230 kV BUS 1 230 kV BUS 1
4.230 kV BUS 2 230 kV BUS 2 230 kV BUS 2
5.115kV BUS 1 115kVBUS 1 115kV BUS 1
6.115 kV BUS 2 115kVBUS 2 115kV BUS 2
7.500 kV Line to WN#1 500 kV Line to WN#1 500 kV Line to WN#1
8.500 kV Line to WN#2 500 kV Line to WN#2 500 kV Line to WN#2
9.500 kV Line to WN#3 1500 kV Line to WN#3 500 kV Line to WN#3
10.500 kV Line to CBG#1 500 kV Line to CBG#1  [500 kV Line to CBG#1
11.500 kV Line to CBG#2 500 kV Line to CBG#2  |500 kV Line to CBG#2
12.500 kV Line to CBG#3 500 kV Line to CBG#3  |500 kV Line to CBG#3
13.230 kV Line to RS#1 230 kV Line to RS#1 230 kV Line to RS#1
14.230 kV Line to RS#2 230 kV Line to RS#2 230 kV Line to RS#2
15.230 kV Line to BN#1 230 kV Line to BN#1 230 kV Line to BN#1
16.230 kV Line to BN#2 230 kV Line to BN#2 230 kV Line to BN#2
17.230 kV Line to BP2#1 230 kV Line to BP2#1 230 kV Line to BP2#1
18.230 kV Line to BP2#2 230 kV Line to BP2#2 230 kV Line to BP2#2
19.230 kV Line to AT2#1 230 kV Line to BP2#2  [230 kV Line to AT2#1
20.230 kV Line to AT2#2 230 kV Line to AT2#2 230 kV Line to AT2#2
21.115 kV Line to PEA#1 115 kV Line to PEA#1 115 kV Line to PEA#1
22.115 kV Line to PEA#2 115kV Line to PEA#2  [115 kV Line to PEA#2
23.Transformer KT1A Transformer KT1A Transformer KT1A
24, Transformer KT2A Transformer KT2A Transformer KT2A
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© Outage Equipment _ Output Y83 ANN
 SNO-Substation . e PNN
25. Transformer KT5A Transformer KT5A Transformer KTSA
26.Transformer KT6A Transformer KT6A Transformer KT6A
27. Transformer KT7A Transformer KT7A Transformer KT7A

28.115 kV C-Bank step 1

115 kV C-Bank step 1

115 kV C-Bank step 1

29.115 kV C-Bank step 2

115 kV C-Bank step 2

115 kV C-Bank step 2

30.115 kV C-Bank step 3

115 kV C-Bank step 3

115 kV C-Bank step 3

31.115 kV C-Bank step 4

115 kV C-Bank step 4

115 kV C-Bank step 4

32.115 kV C-Bank step 5

115 kV C-Bank step 5

115 kV C-Bank step 5

33.230 kV C-Bank step 6

230 kV C-Bank step 6

230 kV C-Bank step 6

34.230 kV C-Bank step 7

230 kV C-Bank step 7

230 kV C-Bank step 7
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Outage Equipment Output U89 ANN

SNO-Substation BP PNN
1.500 kV BUS 1 500 kV BUS 1 500 kV BUS 1
2.500 kV BUS 2 500 kV BUS 2 500 kV BUS 2
3.230kVBUS 1 230 kV BUS 1 230 kV BUS 1
4.230 kV BUS 2 230 kV BUS 2 230 kV BUS 2
5.115kV BUS 1 115kV BUS 1 115kVBUS 1
6.115kV BUS 2 115kV BUS 2 115kV BUS 2
7.500 kV Line to WN#1 500 kV Line to WN#1 500 kV Line to WN#1
8.500 kV Line to WN#2 500 kV Line to WN#2 500 kV Line to WN#2
9.500 kV Line to WN#3 500 kV Line to WN#3 500 kV Line to WN#3
10.500 kV Line to CBG#1 500 kV Line to CBG#1 500 kV Line to CBG#1
11.500 kV Line to CBG#2 500 kV Line to CBG#2 500 kV Line to CBG#2
12.500 kV Line to CBG#3 500 kV Line to CBG#3 500 kV Line to CBG#3
13.230 kV Line to RS#1 230 kV Line to RS#1 230 kV Line to RS#1
14.230 kV Line to RS#2 230 kV Line to RS#2 230 kV Line to RS#2
15.230 kV Line to BN#1 230 kV Line to BN#1 230 kV Line to BN#1
16.230 kV Line to BN#2 230 kV Line to BN#2 230 kV Line to BN#2
17.230 kV Line to BP2#1 230 kV Line to BP2#1 230 kV Line to BP2#1
18.230 kV Line to BP2#2 230 kV Line to BP2#2 230 kV Line to BP2#2
19.230 kV Line to AT2#1 230 kV Line to AT2#1 230 kV Line to AT2#1
20.230 kV Line to AT2#2 230 kV Line to AT2#2 230 kV Line to AT2#2
21.115 kV Line to PEA#1 115 kV Line to PEA#1 115 kV Line to PEA#1
22.115 kV Line to PEA#2 115 kV Line to PEA#2  |115 kV Line to PEA#2
23. Transformer KT1A Transformer KT1A Transformer KT1A
24 Transformer KT2A Transformer KT2A Transformer KT2A
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Outage Equipment ‘ Output Y93 ANN
SNO-Substation e BP PNN
25.Transformer KT5A Transformer KT5A Transformer KT5A
26. Transformer KT6A Transformer KT6A Transformer KT6A
27 Transformer KT7A Transformer KT7A Transformer KT7A
28.115 kV C-Bank step 1 115 kV C-Bank step 1 115 kV C-Bank step 1
29.115 kV C-Bank step 2 115 kV C-Bank step 2 115 kV C-Bank step 2
30.115 kV C-Bank step 3 115 kV C-Bank step 3 115 kV C-Bank step 3
31.115 kV C-Bank step 4 115 kV C-Bank step 4 115 kV C-Bank step 4
32.115 kV C-Bank step 5 115 kV C-Bank step 5 115 kV C-Bank step 5
33.230 kV C-Bank step 6 230 kV C-Bank step 6 230 kV C-Bank step 6
34.230 kV C-Bank step 7 230 kV C-Bank step 7 230 kV C-Bank step 7

Accuracy (%)
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