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CT POLARITY
SS installation opcoSgiCiqpi3a0g0d
Bus Side o3¢0 CT §, Ploon:cdoddli 8:qC Secondary ¢ S2 star cAlC:cdod

esxee0:  X'mer Secondary Main CT &, metering core Goxp o0dgod
20030022623l
ad2000:0) Meter oo uni direction [§9e$qC Sl star cdlC:cadoded
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2
)
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Jableslesleslolclenpl SOV

SCADA 05603 og:esdsdeonp CT installation 1 metering testing §, Control
Panel Design cpbes03  ogesh pd 30003 gpe3aess, 8 $6q0507  follow up

QRITCIRaTER TG
1-CT polarity (Bus side P1 ,S2 star)
2-DC supply for Multifunction meter

$0lod ( J) &0 AC supply from PT secondary or Station source [gbesqC Blackout
[9082 [3$039E SCADA screen & 0006[gEqen wraddlon:
Operator cogcopds 32qCS unseen [g$o3e5ed:wdl-------

SMART GRID MEANS SMART SUBSTATION AUTOMATION

SCADA 3 2203 Control center cogq), need 03 c8od[gpdesontgodeo:d, TL 1 ICT

IDesign coR03 gathering cpdqCs Operator Gogad upgrade cpdeE:s, Control
center ¢oRg), role [4&8: oofgpdsgd: international level §, 8:06 coneoendl

Substation installation cobe$03 apcudqitgp:

Differential Protection 820305 Primary &, Secondary CT gp: star point g,
Theory 2§ $&§sgolonud

1.towards the object ( Tr o3e[gpomndl)

2.away from the object

5035253, 9fbdoncs
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bdlondeco  Gog oo 33/11kV J§eogen 33KV side CT star o3
Transformer aloptsquloplenlel
[90qCe0m; 11kV panel cogen factory installation apdep star point o Bus side
Scliecatlenlel

803 moelgEaesen 11KV side star point o3 Transformer 0005 appdeoeudeds:
Panel eqpcojeqptlogp: oCs: star point cppdospecdolon:ad,

33KV sideq), MK o star point o3 Bus side [g&cppdeo:codqE dlonodad,
Away from the object $p5:{gdognend
Thanks

Ref: Differential Protection Manual by OMICRON

2
(;) 1.DIFFERENIAL PROTECTION CONCEPTS
Fundamental of Differential Protection

STARPOINT

» The differential protection need to know the direction of the currents flowing in or out
from the protected object, thus a star point of its connection isimportant.

Y e oo
3 \’m\c';w s :g& P
... i o A
o W n 2 g o ”—n
l.,m ok B e
) Relay v%
11520° =125 £180° 115 £180° =125 £0°
STARPOINT
P2 Pt
]
ey o
T
[ . PR=% >py
N— \ [ €e
A—) A \ H oe®
R E
P
s N o™ o
o o e
Pl ) e
R )
0
[o,. €
A O,
N
A>

U Aung Ko Htay Page 3



Power System $& 0052005000 3a03304p:

SS installation 1 testing §, design cobesoyocUSqCyP: discuss
cdfogpdodl

400-800/1 CT 0060d:073 400/1 (a3,) 800/1 e[gpCscd3n0d:{ggiCo3edl

Primary Change ( C1, C2 support cp500:qC)

Secondary Change ( 151, 152,153 support cobcon:qC)

02958 smenEeffanc effpEiopfadoncs

com&iofp B0 0 6322053303818 A0S

# Primary Changeover

The rated output and rated over current factor remain unchanged. The rated
thermal short-time current (Ith) and rated dynamic current (Idyn) decrease in
direct proportion to the primary current.

@ Accuracy class eopmeon  we[plicdilo: CT §,  $8Csomieom
onjsocsogzend

# Secondary tappings

The rated output in classes 0.1 to 3 decreases approximately as the square of

the reduction in primary current, and in protection classes 5P to 10P roughly
in direct proportion to this reduction. Ith and Idyn remain the same.

@ ratio error p:3: metering losses o protection relay cop o3

§(Qeo:@6]|é$88msee@)&(\361u

CT ogqudeped aX00d load 3, =0800ed: ogedScl 360mC:0d:
[§600500E30005 ome change oep wadeononed
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olgbecs 6gqeomeedadqt (egeadqo; CT &3qC) mesHseess coxp Primary
Change 03 eglgdecdootonnd 0med cdadeom) 8o wrsdusesantaddl ICT
g¢yted

~

87

Ref: ABB Switchgear Manual

F0G02) Secondary Change egseodcofonud qE:qend:d, :-):-):-)

N case of changeable ratios, it is passibie to design the transformer with primary reconnection or secondary tapping

101 g O 0. 2 4 O O
Changeover will be done at the primary S
side by using joint bars WA WM

Can be used only for primary currents up o 2 x 600X AAAA / AAAAAL \
yroerp v e . SIYVYWYWWYWY YV YV YYVYYY)

C1 -C2 short circuited: low rated current
* P1 - Cl and P2 - C2 short circuited: high rated current

Changeover will be done at the secongdary side |
(o)
1

’
WAANMANAAN
f“.""v'\".'"."T‘v’\'"'/‘."‘/ e

O

4 Sl -52 low rated current
* Sl - $3 high rated current
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CT burden & accuracy
032qCoS:0d:03 relayl meter ecogon analog eogedeon; VA gpdlonod
dlefop¢ 2%:03 CT 0ocd VA safo{ofkeogedl

SQQGQOSqGoog Digital relay 1 Digital meter Gogeﬁcsoog power consumption
236680l very low VA ed

Load side VA o cable §, resistance 6aonod3 3800401600000
CT &, rated burden o3 33qE6005000d 2[00 ©ad:00¢e00pd

w3 cdedeop  CT  §, accuracy 03 recommend  GO:OD0MD
secondary load side VA consumption 0> name plate ¢o eebjgoon:o} rated VA
J. 25% to 100% 3203E:qe ratio accuracy ©$¢o0)

Load side VA oo rated VA §, 25% 632005¢05 consumption §ecde3qE under
burden [gdognendl
Load side VA oo rated VA coobqpiesqC over burden dl

ABB ref: 0009w 6600020000602 Over burden clo3pé ratio error [g9§E0003
Under burden  clop¢ copds ratio error  [90§EA000d

( secondary output current qpzagoieddl 1| SF & ALF 00§8:e0p [gEogniendl
metering core 330305 SF o3qpieomsagyC 3-5 times GaoadG0osoadlonud
SF [4Seomp fault [gC:qC meter Ol qEd8:§Ee0dlon0d)

3qood§| oo Som ey  unit gain  6sqo3  secfoCigpigRded
83og05e[opEaopds dleudooilonwd Detail 0&:006q05603607 pdg:wd

P.S
Load side VA x 1.5 = Gg:quSocﬁoiqeé rated VA J
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ALF o3 Design cpdfood[gts

200-400/5-5-5 CT &, nameplate Odl metering oodcorer protection sdcore
AAo0S

CT oo primary change dl 1 secondary ¢» 151-152 3dloood 1S3 odleon
secondary change o8, ©qe0o2p0p:eql

5P10

5 on error percent o primary ¢> 200 93, 400A 8:6$03, 3o§j$¢> secondary
& 5A 8:65600 Sleond 5% 20505:304qpeo Deviation §eddl

P oo protection core o3, s3c8oxdl

esnodm 10 o  ALF ( Accuracy  Limit  Factor ) Sl
400/5 CT o primary current 400 o6 900580 4kA 000D 0D:033200
( secondary ¢ 50A ) ratio accuracy recommend Goz000d o3, 83cdq€omndl

fault current soodso secocHemPogqCeony ratio weseonpdl  saturate

[g0a30:¢00)
( saturate aBoxmmo fault current soudCkeo [gdago:c, primary ¢ 6kA &:cd
secondary ¢ 75 A [g90condl 50A 6aonmdend qdeseud elgpgtoma)

# & CT o3 Tr primary main 856§, a500de0qE  000n 5P10 &dqC secondary
main CT &, ALF oocopbs 5P10 [383c30lond

glon Differential relay stability 20905 26egFRA005
(©0p3E CT 00d9mn fault o 3o[gEad:adcladgESES: | 00doon saturated
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[§88:07830005e8q¢  Differential Zone §, [g€o¢> [§003 outside fault o3
Differential relay oo Trip co6ag0endl )

G§0050009 Overcurrent relay 32653,09:00:qC 005§ System Bus fault oo 7kA
0oboSogEolonud CT o2 4kA $200003058E03320305
ALF-10 o5 86652008310
5P10 32002 5P20 ad:qeom eqrdloienedl

dleoend ©ods, ogesdodon I>> setting 03 ALF 000588:w00Edlond,

; Ly i e ——— —
TRANSI;-.ORMADOR DE INTENSIDAD / CURRENT TRANSFOR

Ne/wr] 0303712/3 2003 | AN

=
=
w3
=
(58]
=
=

Cat. temp/Temp. cat
ite/OIl W. SO
Kg. Peso Ace
Peso Total / Total W. 400 ki o
- Hermeticidad total. Pro
l&%%%gmemrmeﬂcally sealed unit. Opening forbidden.
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338 oo

TIRA THAI transformer ,40/50 MVA three phase Ol
11kV tertiary bushing 0005002020 cped050m

|
|
|1 L L
|
(10018 1 A
i
‘;\\
i
{1 )
141l

Raised Floor
0322qCm design 6oRene0mR 6oR, v:000d ( gdes: 20060odI NCC )

Control building ¢> cable duct GoR3 o:eom $pd:$00:9050000 CRP GoRm

duct oodegpodSooncd qGe 1duct  [gpdagmiqE  building  §.qecd  duct
$200002:q00 [gdeslonud

Raised floor oqeomp CRP 20008:0305 3agpi{n3:000:03 qeop control building
size | space | extension coOqEL) O§odG0R GARRYSEEA
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Double Bus
Fig-1 oo Tr Bank $60%:03 coupler on [ parallel éencz000:0004l

Secondary single Bus $6903 coupler on [G¢ G3c8056000) Bus 32658 00607
Single Bus Sjgbe5¢0dl

Fig-2 0neo) Double Bus system Al
005§ Feeder-1 03 Bus Al Feeder-2 o3 Bus B m6s 8:60:6$0005 &A1 |

830c[gzoesen Bus B o maintenance cpdocdadql Bus B ones $:60:6503
Feeder-2 o3 Bus A 6dla3, e2053201{J05600005¢ 0§53 elgptieusdolonud

1.Coupler o3 ON c8o5dl
2.Feeder-2 §, Bus A DS 03 02608054l
3.Feeder-2 §, Bus B DS 0} g2c305dl

4.Coupler 3 [G§ OFF c3054)

8500:3, Bus B eOlon Feeder 6ogod Bus A ¢dlod, e20532030d60m0056edo
BelgpeBiesnod

Bus B (Tr Bank-2 also) 03 Dead cpo[: 8odesa:condese: maintenance
cp68EIG

load side ocoRd: @oodEM:  [qOdEOMNDY  ©Jo3IRED  GoNCiSad
redundancy Sl

Double Bus system a3:005a0qC

1.DS @ogon Motor Drive [§9qendl
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2. DS alignment copds 088 c8dlonud

3.q0eag:0) Control ckt Gogaacged spare auxiliary contact co3, control cable
copd: qpegpEdendl (1 Lot §, oqonesd)
803 cpoo) Double Bus system 03 9286 SS ¢e0op c8adqoadd :-):-)
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Transmission Line Panel Design
Fig-1 ¢> Two CRP for one feeder o@:ooo:oocﬁ
slon protection scheme g2 two Panel od:0g0:0200)

Panel oodaden main protection 82653, Line Differential Relay §, Annunciator |
oododsen  Backup  protection  seesd, Distance relay  006conedlonod

(& panel > BCU o3, Meter 03, 00608 qdleo0:000d)

§ Transmission Line &> OPGW Oloj 320305 protection scheme o3copds
200¢[gCooC §EFA000d

Selgulenplen!

Main protection -

Line Differential relay

(0oes, 32§53 protection scheme o3¢n Differential protection v
26070:80:010-

Speed, Selectivity , Accuracy)

Backup protection -
Distance relay
( OC/EF protection o3 Distance relay o3¢» ¢&aonidleoo:o00d)

(065503, sBeneomn
Main - Distance relay
Backup - OC/EF relay

S 2%:§Edlea0i000)d)

Fig-2 ¢o Areva BCU
( Bay Control Unit) 03 a5:c00:3lo00d
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CB,DS 03,03 BCU ones ON/OFF [gepo8Edlonud

defops  Jesodiesoy ON/OFF  selector switch oy  9806we0p qolop:
( Remark- CB ON/OFF selector switch 1 synchro 1 synchro bypass switch
6oRo3eoxp redundancy 226$3, 9d:000:0leas000dl DS 330305  switch
©00p56024)

Fig-3 ooco>) Transmission Line two feeder saogcﬁ panel Gogé]
Control 1 Protection | Metering 058050330005 Panel 60oRGOR

qpogodlonud
8le0e0d VOEa000 CVAloLS

Panel eoggpiomadeon; Control room o raised floor &, clggC:§ond
00CAlon0d

eqpgdeo
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iy, Fqpeoy 330305

photo credit - SIEMENS

MV
substation a1

@ \o.o)
LAY MV
2% Yt 1 h substation

LR

Field service
vehicle

6 kV-22 kV

Secondary
substations

T I

Households with unidirectional Households, for example, with  Distributed power
energy flow solar panels and bidirectional  generation sources
energy flow

End To End Test

C

Line differential Relay testing o3 0ogodeeCqit8umnens, 0306:9¢qd0lonud
Communication link o> Fiber Optic Al

# Stability Test
# Trip Test

cponCul[nd-066dIE 230 kV line
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TELE-PROTECTION
(TRANSFER TRIP)

MEPE ( TEST LAB ) §, PROTECTION SCHEME 00eog[g¢[Ged, coon&seome:dlk
Olqeo

Mode - PUTT ZONE-2

Relay - Distance Relay
Communication Medium - PLC
Function - Both Side Trip

TELE-PROTECTION &3039003C: ICT 93,6035, TEST LAB 228,603 ¢:GOIC:
6800EgaIlonudI

TRANSFER  TRIP o3 2013 FEB ¢ 000C0&:000620EgEd0lonud:
0093[0360060%; 326gP006Al

oonl[Fpong§en  0c0wed: e0dIIM  cesdod,  System 3 03050303

Permissive Scheme oocﬁmogsqg%ezﬁméh

IGE o odesmleany) 03eoyP8ESod, 2033035, Singapore Areva oo Mail
3,60:0lonud POTT Z2 ad:dlopi

Colenco o> Mr.Carlos &, 83a6/opE:odEodajsnsdl anm  solpjeusdlonud
Singapore o> Short Line 6og[gdcd, 8cdelgpomnd oyesdad Systemsoess,
PUTT Z2 a%:00&0lonudo3

GR[3pd0338 ¢oRd: PUTT oo Safe Jlgdendootad condejod:oondlonudi

Transmission Line ¢ Fault [§90380dlen ad&:§) 030005036 §9005036 Circuit
Breaker $6903 od[QCs0d Both Side Trip 3, Fault [9603 208C:03

39@$e<°?:<}]8:o?05c§cﬁory)6]u
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Line Differential function o8 1 dlevend 99 GaN5E0R,  olg§opedli
Line Differential oocoop; Communication Medium s2e$s, Fiber Optic

o%sc;d'?:@lé]oocﬁu

006360007506 20:0000)

Fault [§903908E:03 B[gsads qC2a0053s 2[g5004y$00ES, A
(Auto Reclosing)

[gdoonened, :-):-)
eqpgdeo

# PUTT - Permissive Under-Reach Transfer Trip
# POTT - Permissive Over-reach Transfer Trip

Thanzaw Myo Protection setting ,Relay testing engineer qp:$ communication

engineer gp: S005V05 1:6AIE:eNEGNSQS snte0sdloogd
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Aung Ko Htay Yes bro

Kyaw Tun Protection eng. $ Communication eng. o:cdlC:eaonégeom|géqeon

6anCgte o003 60 A8l oo |

Aung Ko Htay Transmission Line «> re-closing o{_):(%oepm d?ecnoo%o@
transient stability analysis 0068 08605 c0Cdlonwdme03 0208 cdadeo; line

fault [§9qC 2005a8Eep node 6oR4), voltage magnitude &, phase angle changes
6oy ©adeonp re-closing cwoepen forced to  synchro  odefopodcd,

oooée\]ooo:moé]

Aung Ko Htay Primary SS caoge?]° 33kV feeder eopeneox 3-pole re-closing
olopetaopdfteonnend

Thanzaw Myo AR o3 radail line cogen 0&ad:0080lelopEs

Aung Ko Htay 0poddloood 22603 Loop network odon o8€:e0303 0sqen
$052500:6[0PE5020] 3609

Kyi San Lin 33 kV o8& Single reclosing dl 20§§2003¢:3000 00d9=00d

00:000(G tie line ¢ apply cv6qC 33s6p0d 0oC:00d Tie lie ¢ Permanent fault
320905 safe [gdFcdoud

Aung Ko Htay 33kV Feeder cog¢nap:03, GCB cogon three phase combined

GoReRe0
3-pole AR 323:03 g 30007

Aung Ko Htay Radial line eogoneonp synchro o3 elopodesp ©cdeom

s2008a(gend
Permanent fault 00696027 0g80dqed

U Aung Ko Htay Page 19


https://www.facebook.com/profile.php?id=100007715869334&fref=ufi
https://www.facebook.com/kyaw.tun.3954?fref=ufi
https://www.facebook.com/profile.php?id=100007715869334&fref=ufi
https://www.facebook.com/profile.php?id=100007715869334&fref=ufi
https://www.facebook.com/thanzaw.myo.5?fref=ufi
https://www.facebook.com/profile.php?id=100007715869334&fref=ufi
https://www.facebook.com/kyi.s.lin?fref=ufi
https://www.facebook.com/profile.php?id=100007715869334&fref=ufi
https://www.facebook.com/profile.php?id=100007715869334&fref=ufi

__ PowerSystem §¢ odoocdaopgy smcpaoqpr

Thanzaw Myo permanent fault o@ooo fault level fault point setting $
GRS
Aung Ko Htay 0305033 22603

The Beauty of Wye

Generator €1 output three phase voltage vector o% Four quadrant plane(360")
cdlaecdadqe RYB three phase o phase o093, odd9 120' phase
displacement §[3s rotation o> counter- clockwise direction & copbes0l

( Three phase 0§03, ©d0bsys [gEes0m8, phase 0093, dUM
120'  displacement  [gdesomdl  Six  phase  ©505 gz ©o0d3I:
a005p0[s$ [gEeC 60" angle displacement §es¢o0l)

Generation (foaé transmission 1 distribution level 3308 @ooSscn:o% three

phase 0563, 3 .cgod000de80oE[dlonud

G§00580: 1053AFoIGPAd B .CROdEPEGO, 33/0.4 kVi 11/0.4kV ©20[gE
vector group Dynll X'mer eogeondso 400V c3&:e08, qOmRodeecpt:n?
e00H389S, [gjEewdlondl

Vector group Dy 23:3: R,Y,B,N three phase four wire 0505, §00R053203¢:0%
400V c8&eop s3cdodomaedl des 336ad:60p0m RN, YN, BN ocolgé single
phase §odjogedl cpde§indendapeogmn R,Y,B,N three phase four wire

ag05[meqln

" 230/400V system " RN=YN=BN= 230V a36¢020006mudadqE RY=RB=YB=
460V [gdooComedidleoeudRY=RB=YB= 400V 3§dloocd
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Power System $& 00520059009 3a03=z04p:

Because of 120' Phase displacement
400/230= root3(1.732)

Three phase 050 0):e$600:006g, ( 120" phase displacement §e$03320305 )
Wye connection ¢> Line Voltage o Phase Voltage E] root3s0(1.73290)

Sesenlgdeloyt: i

320:00:03 300GVl
eqpgtdeo

= w

:

400V

120

£ 130 YA

77 = 230 5in60
=1199,2
7= 277
=400

230V 230V

N
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Power System $& 0052005000 3a03304p:

vl S
N B

90 vE 30
120
»
0
180 180
\J 1
270 270

PRIMARY & BACK UP PROTECTION
Primary a0 first line-up sdqCi back up sdom 3§l

Primary §, back up 900508 sa008:000: §00cd 3qC fault [90qC high speed
tripping §$E03 1 00dspd: fault o3 initial state ¢oooC [g§[g§ sense ¥OSEDT

relay o3 primary protection o8 eal[Ge $05:500: 65203 relay o3 back up 32653,
52800020200l

Primary relay onsacloppEisad§jselq fault o oq:8€o3ees] back up relay
oD 0P, B0000DCE0} setting time Gepa>aR38 olgodevomadl

lg$03 primary relay oo fault o3qC:c8a58EQE back up relay 3500600600)
time a8 o[q72602703320305 back up relay 330060cR0305qe0xdl

Primary relay 220060c068Ead, fault duration [gmofg¢qE system o38a50:3l3)
Total breakdown 5203[g6§Ec0dlonud)
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Power System $& 0052005000 3a03304p:

Relay §, fault (4603324l o) [q$8Egb:e03(9b03

SPEED
SELECTIVITY
SENSITIVITY

6op326dl0onpdBe Primary 06§35 03000 back up 33683 od:00d ©[gE
Gg:QloSQi):(\%USOCDCS]I

Protection scheme 00®9qC:3oc305 relay coRq), Under Fault Condition ¢o
) [9$8Eg8: quality 3ps0&cBode[ypaendedql

powd Transmission Line protection relay clep®)

1- Differential protection
2- Distance protection
3- Overcurrent Protecion relay Gogélu

Goq|:g{z:6]
Jesd §9:00058206000050)

PRIMARY & BACK UP PROTECTION (G§ocﬁeocﬁo§)

Primary  Protection &, ~Back up protection &0om  38qC:cot:
§22000009050pG03 6p relay 0004).§, 220RERO00S :[GgE: gElgdlaeon
Overcurrent & Earth fault relay

Fault Current > Setting Current (Trip)

Distance relay
Fault Z < Setting Z (Trip)
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Power System $& 0052005000 3a03304p:

Differential relay
Current 1 not equal Current 2 (Trip)

OC/EF relay

OC/EF relay §, 3200600000 fault [gdesqEeome ( Fault §, Initial State
oA C: Trip o[gd8E3) Setting copdaonzo Current | Time delay o3
eepodfempPasBo relay oo Trip signal Gozomdl

OC/EF relay osﬁ Distribution Feeder cogeoooo Main protection 33683, a?(\%
m00Cae|geoend  Transmission Line protection 226$3,60% OC/EF relay

00090000 23343, ©COEH56oAl

Setting copd00:) Current | Time delay o3eepodq) eoapags(Gee relay oo Trip
Gu:03 09§, 3OO Transmission  Line  Protection 320305
Sevlciobpleslcloap!e!]

Fault [g60m03 [§603323E:03 [g§ad2qC200058E3 ABdlonud
(' Discrimination cpbo005c, ado3dlonnd ) Bcdwwrodo3 OC/EF relay oo
ap function 80§ 200500500020 Amperer time delay eon¢ad:es0d¢n 8 Fault

elopé Machine cogogodbogieddl wadoy cd&eogdl [godonseudadgteon
system opd[863, 905a30:G

defoppé  Transmission Line o Protection cobepy> OC/EF  relay
0069000209208, OGNS (Back up Gaonnd3ao0eds) 93 cooddGe Fault o
[4$[g$e05e08 qC:00058€03 Distance Relayi Differential Relay ¢ogo3 Main
Protection 206§8, 2d:{30looudi

eqpgdeo

Power System Protection o3 8050Co0:03 p83eda3ieunCse qpraacgadal
8C:o8:ean:e550qdI8:ad, Bodesllonud
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Power System $& 0052005000 3a03304p:

Insulation Resistance Test ( Megger Test )

Tr 00bd: §, Megger Test 350305 Connection $6c0:0R 0E6LA3M>SlonLdI

deSJodesoy Connection 3,607, $pd:sp5:036s[03005 cofdlonud
Guard copd §ed00060; leakage 032005qiEd Al Result So3oqieogqicad Ol

qoooe0d Megger result oo 32adgo) Megger Test Voltager Tempearature

o0} effect cogeloE result soa|pCizacd§end

dlejopé qooooy result o3 3ud§od03me§S Temperature ooes 20°C oF
a[gpe0:3,c8Sloncdi

330580508 qa003 result v factory test 00§82, 02d00b (98,) >1000M Ohm
B 206[g3656070E:000008, 6lgpad golooud

Factory data @o3qd,0050339l§ge> " IR = CE / square root of KVA "
formula §, 08 ©§:8E¢0l

o0dmudeony & Formula oo single phase Tr cogsaopa5dl

eqpgtdeo

Ref: Electrical Power Equipment Maintenance and Testing
by Paul Gill
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Power System $& 00520059009 3a03=z04p:

Moeoh Transh

Hy X5

¢

MORE PRECISE
[ # e | x |
Hs » | x,
6L E H, r X,
7 Hy P |
] P [ X
Lo

X3
X,

X
'jlaw

| pam| x|

Hy
Hy
H

X5

X

'__|_§m

Guard- to eliminate leakage

Typical Insulation Resistance Values for Power and Distribution

Transformers

Transformer Winding Winding Crouad ()

Voltage (kV) 20°C 30°C 40°C 50°C 60° C

6.6 400 200 100 50 25

6.6-19 800 400 200 100 50

22-45 1000 500 250 125 65

266 1200 600 300 100 75
Temperature Correction Factors

Rotating Equip.
T O Transformers Cables
Tem
- Oil- Dry Code Code Perf. Heat Rewist.  Heat Resist.  Ozone Resist.  Vamnished Impregnated

~ 'F A B Filled Type Natural GRS Natural Natural  and Perf. GR-S Natural GRS  Cambric Paper
0 2 oz o4 A8 040 025 012 047 042 02 0.4 0.10 0%
5 LN oM oS a3s 045 0.40 on 040 056 o 026 0 043
10 0 045 08 450 050 0.61 046 076 073 058 049 043 064
154 &0 o 051 o4 0rs L0 L0 100 1.00 100 10 1.00 1.0
2 68 LELY 100 1.00 1.00 147 153 124 128 153 75 bR 143
s 7 148 13 18 120 20 367 158 168 245 32 405 217
» 86 220 158 198 140 s 7x 200 p i) 403 620 842 i»
B b N 2w 28 205 545 1460 255 2% 653 11465 13220 477
& 0 40 2% 98 2% 8548 D 32 ass 1029 230 L 7as
5 13 730 335 5.60 s 1330 .00 415 508 1730 440 s1.00 070
0 122 1045 38 788 400 2000 11600 529 &2 255 700 17000 1600
5 iM 5% S50 1N 520 672 &K} 4500 M50 24.00
&0 0 2% 62 1555 6.40 8358 1.6 7300 7m %00
&5 ¥ MM 7 240 820 1540 11800
b IS 00 00 nrs 000 2030 193.00
7S 167 7400 1280 4“0 13.00 2660 33

Note: Corrected to 20°C for rotating equipment and trassformeny; 15.6°C for cable.
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Power System $& 00520050009 3a03z04p:

IR = CE
vkVA

where
IR is the minimum 1 min 500 V DC insulation resistance in megohms
from winding to ground, with other winding or windings guarded,
or from winding to winding with core guarded
C is a constant for 20°C measurements
E is the voltage rating of winding under test

kVA is the rated capacity of winding under test

Cable Megger Test
Cable Megger §o>8 200305 connection deaoieog 0oEe0:ad050lonwdi

:5p0ed:dqeud Insulation Resistance oo§3:0p050003 formula oo IEEE
standard &, formula Oli

Cable 350305 Temperature correction @0 15.6 C 03 efgpCieoiqeadl

Reference ooco2) Paul Gill §, Electrical Power Equipment Maintenance and
Testing Old1 oqesd $620050083:002:07  ©03p60=R0OA  Testing o3
Boboeonzonyp: free download quacapc$EAoLdN

oH3mRq 5, eoodays [geesen  pdedadieentsel  ApdEEda3End
QP320R0560guOClon0dI

Thanks

U Aung Ko Htay Page 27


https://www.facebook.com/photo.php?fbid=1664069153860264&set=pcb.1664069243860255&type=3
https://www.facebook.com/photo.php?fbid=1664069153860264&set=pcb.1664069243860255&type=3
https://www.facebook.com/photo.php?fbid=1664733710460475&set=pcb.1664735227126990&type=3
https://www.facebook.com/photo.php?fbid=1664069153860264&set=pcb.1664069243860255&type=3

Power System $& 00520059009 3a03=z04p:

(B}

e

(d)
FIGURE 2.7
Cable test connections for insulation resistance measurement: (2) connection for single-con-
ductor cable, one conductor to ground test; (b) connection for three-conductor cable, one
conductor to other conductors and sheath to ground; (c) connection for three-conductor cable,
one conducter to sheath and to ground and two conductars guarded; and (d) connection for
three-conductor cable, one conductar to 2ll other conductars without leakage to ground.

o[ 0]

where
L is the cable length in feet
kV is the insulation voltage rating
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Power System $& 00520059009 3a03=z04p:

Temperature Correction Factors

Rotating Equip.

— e Transformers Cables
Tempernature G -

Oil- Dry Code Code Perf.  Heat Resist.  Heat Resist.  Ozone Resist.  Varndshed Imprognated

*C 'F A B Filled Type Natural GRS Natural Natural  and Perf. GR-S Natural GR-S  Cambric Paper
0 .7 4 a1 040 a2s 0.40 025 012 047 o4 022 014 10 028
5 s oM 0.50 a3 045 0.40 o 080 054 oy 026 020 043
10 0 045 043 050 050 0561 046 076 03 0ss 049 043 054
154 &0 on 081 o 0rs 100 100 100 100 1.0 10 100 1.00
2 68 1 100 100 1.00 147 153 124 128 1.53 175 R 143
5 i 14 125 180 130 22 367 158 168 245 329 4.05 217
» b 2.0 158 198 140 ise 7 200 24 403 620 a2 i
£ 3 L) 324 200 28 205 545 1460 255 2% 653 11565 1520 477
& M 0 2% 195 25 545 20 k) aiss 109 250 »x%0 718
44 13 7.0 315 560 325 1330 S0 4.5 5.08 17.30 4140 8.0 1070
s 12 1045 iss 785 400 2000 11600 529 an 255 7500 172000 1500
55 i3 5% 5@ 1.2 52 672 &5 500 M50 2400
&0 ¥ 2.5 630 1555 6.40 858 L8 7300 77500 ¥
&5 s Mo 79 2240 870 1540 118.00
70 I8 00 100 NS 20.00 2030 193,00
7 67 7400 1280 4.0 1300 2660 35

Note: Corrected o 20°C for rotating equipment and trassfocmeny; 15.6°C for cable.

Grounding Resistance

Transmission Line, Distribution Line gp: Lightning Protection soogo% Tower
o3¢ (a3,) Aerial earth qpzo?d earth g[o3olonwdi earth g0 Ground Resistance
o elogod: resistance c0055p0:3, A8dloodi dlwomn ABE:ad Sopodoysedl
Lightning  Current oo  Insulator(efogads) &Bocmnd  elgofkadndom

B05§058:008:030:0l
RG < Ri

Where,
RG = Grounding Resistance
Ri = Isolator Resistance

voltage level sac8c5§quudTower (a3) aerial earth gpezaog05 Grounding
Resistance 03050p0) formula O
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Power System $& 0052005000 3a03304p:

RG (ohm) = LIWV / Is Level
Where,
LIWV = Lightning Impulse Withstand Voltage

Is Level = Isokeraunic Level
(unit in kA)

For example, grounding resistance for 230 kV Line
Ohm = 1050/50

=21

So, RG should be less than 21 ohm.

Credit to : Mr. Ranco ( Colenco )
Ko Than Naing Linn
Ko Nay Zar (PTP)

P.S
Keraunic Level

The keraunic number is a system to describe lightning activity in an area
based upon the audible detection of thunder. It is defined as the average
number of days per year when thunder can be heard in a given area, and the
likelihood thereby of a thunderstorm. An isokeraunic map plots contours of
equal keraunic number. The keraunic number has been used to set standards
for safe design of electrical systems in structures connected to the local power
grid.
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Power System $& 00520059009 3a03=z04p:

U Aung Ko Htay

lue)

PR
]

Standard o

Standard short-duration
power-frequency
withstand voltage

kV
(r.m.s. value)

lightning impulse
withstand voltage
KV
(peak value)

o P

20

10

20

28

s <y ;" g S
s lle =T -

s

4;[ 70

170 =

250
325

450

550
(450)

550
G

t
&4
N
~
o«

N
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Power System $& 00520059009 3a03=z04p:

sehaaAg L)
Lvontefgbub mynifolfsriely,
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Power System $& 00520059009 3a03=z04p:

RADIAL SYSTEM

# Distribution Line is mostly Radial System

# Load Current flow from
System Network to load by only
one direction

# Even fault occurs, fault current also flow from System Network to
fault point by only one direction

# Non-direction OC/EF relay can use

INCOMING
LINE

( ) 1000 A

33kV BUS

I

RELAY-1
200/5

/

(@J 33/11 kV

2

;=5 10MVA

( %Z-7.5

;P
RELAY-2 (° ‘,

|

600/5

11KV BUS
RELAY-3 ()

200/5
«
' [ /" FAULT-
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Power System $& 0052005000 3a03304p:

oCe§Ea0gad Distribution Line 6oge3 OPGW copdsegognsGe S:00ep(gs [gee
§8ec0:e0R03 control & monitoring cpbog:§EAlonwd

0Co3§3e6$3, Primary Substation 0od[gdcd1 Regional Control Center oodg
[§69g2:03h
Transmission & Distribution Department gps authority eeepupodgCopadec

650000500 [gflgreeEdgecgo?  Wireless link § 0005e0Cep G4
GoRMG$ control & monitoring cooag:8EAlonud

System ogodlg§oonomieng odxicned ofedd [gilgEesEdg qpsd). control

and monitoring 00§03 man power $oocmwooi automation 3o SES

[gCeotqeompeud cotdlonwd

80:00:09 GOIOIGOD
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Power System $& 0052005000 3a03304p:

SUBSTATION EARTHING
DESIGN & SIMULATION VIA ETAB

Study Case I

Study Case ID Options Method
o 2
[GRD3 Weight - 20K ;
£ T0kg & |EEE 80- 2000
Reports & Plots Ambient Temperature C
IV Auto Display Summary & Alert 40 A o

[ Report Details Update

™ # of Conductors and Rods {Optimization)

Fault Durations

tf 105 sec tc |0.5 sec ts |0.5 sec

Ground Short-Circuit Cument Grid Cumrent Factors
% User Specified g |2 kA XAR |1 sf 100 %
" Short-Circuit Study Cp 100 %

Remarks 2nd line

|

j [GRD3 ] J Help l L” Cancel

N N O N Ry
“ ~ Mot Comt
ey wedor am
x
Kora Tes
S
foch
or I
g Tercermm
- S
£ a et oty @
- - et o2
e
s
o -
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Power System $& 0052005000 3a03304p:

Cptmad Number of Conducion
X descion Y Srecion

4

Optensd Nurter of Fode

OFR | 451 Vobs g 1% Ow

-

MAXIMUM & MINIMUM FAULT LEVEL

OC/EF relay ¢oRq), characteristics curve o3 ogesbodedweon IEC Standard
Inverse  curve o3  seakgpidoocd & curve  §,006900m
Fault current magnitude & operating time o» o[pCig§ se§pa3dloncd
Fault [4€:@co operating time [gSecoedl

Relay o0d93 o0d9 coordination coolep fault level o3 so&:00ed:
9508:8E80ncd pegE03dlonud
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Power System $& 0052005000 3a03304p:

dlefopC §§00d99 w1 aesdod relay setting copdd fault level osseoocdadqd
minimum fault level o3 0pcRE3AlodI BodqEEsPETO

System bus( oCe@§eogd, 230kVi 33kV bus eop) sSmcd:0p short ckt
calculation run o328l oqesdodseess maximum fault level § minimum fault

level 833 condition $&§3, run dlooudi

Maximum fault level ( soqp:eddgd8Ca[g§od fault current owdm)
§ fault value o3 ogesdo3 substation earthing design cobo3sasl CT ratio
selection  cpOo3adl  Circuit  breaker oy  short  ckt  rating

GgEquS00d0uI03 GsePED 320 Clonwdi

Minimum fault level 00602 oqes503 power system protectioneni relay setting

0R05Q 300905 3203yOlodudi

Maximum & Minimum condition $&903 ojesdssesdeod; ABB switchgear
manual 826 Network topology change 03$05:03 2d:60p§dlonudi

Topology change ooudsdomnan "System o generation source 3agpzed:dor
:§$ system impedance saspdiadizaqis” ( double circuit line § eoodsa:
0Qodooewd 1 Transformer o3 parallel operation GenC:000:033§$e0 system
impedance $p5:0l000d) o3 maximum condition ( fault current owdn
P:addgoSCeq)i " System oo generation source 20§00:90: 033!
system impedance sagp:ed:za§§" ( double ckt line o3 one circuit £G
enod3scgodoodzeadl Transformer bank oo’ parallel operation ©p&S
0098 separate 3653005 S:60000:033§$E0e>  system  impedance
qp:oload) o3 minimum condition ( fault current oeoan 80505:e0:gb8Caq) o
e [§E8Aonddi
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Power System $& 00520059009 3a03=z04p:

65503 30QudardFomm system peak load 336532000:03 maximum 1 off-
peak 22§|§05 minimum co2s{3eog053Clonwd

( odepancody), 2a§Ee0Ra060; = :P)

cgoP6g> e [GEsr 32(o3y) [e3dl o !

OVER CURRENT PROTECTION FOR PHASE AND EARTH FAULTS
1. Discrimination by Both TIME & CURRENT

Time (sec)
Standard Inverse (SI)
Very inverse (Vi)
Extr nv El} .
s b 08 STANDARD INVERSE
_ Relay Characteristic | Equation (IEC 60258}
S3ncars irverse (9] tmTMS x—2 )
Sancand invers ) 04 \ Operglingtime = Tms «x i
(= TMSx I""j' \ 002
3 B e e ( | favk ) 1
= | S T | setting
e stardard carth foelt r= 1 % RELAY-3 ™
e STENTare ¢ Ll Lh
[a) Aelay craracteristies o IEC 60258 N
v S— TmsO1
- —»
200 Current (A)

RELAY-3 = 1> 200A Tms 0.1

Maximum short-circuit currents

When calculating the maximum short-circuit currents, the following conditions are to
be assumed:

- maximum voltage factor

- the network’s topology is to be chosen in such a way that the maximum short-
circuit currents are expected

- motors are to be taken into account

- the resistances of lines are to be determined at a temperature of 20 °C

Minimum short-circuit currents

When calculating minimum short-circuit currents one has to make the following
changes:

- Reduced voltage factor ¢

- The network’s topology must be chosen so as to yield the minimum short-circuit
currents.

- Motors are to be disregarded

- The resistances R, of the lines must be determined for the conductor temperature
t, at the end of the short circuit (R ,, conductor temperature at 20 °C):

R_=[1+0.004 t,- 20 °C)/°C] - R 5,
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Power System $& 00520050009 3a03z04p:

0$607j0% Drawing 0069

Control sequence design 0%
operation logic § s2qC[yeo:o00d
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Power System $& 0052005000 3a03304p:

" Short circuit test "

~

Nameplate o> cedlgoon:03 short circuit impedance, %Z value o3 check cpo}
test Ol

Tr § load losses 633l 0063lopd: 03200058 EAodN

Tr secondary side o3 short 3o5002:c3, three phase fault [§620c30l01 Sleowd
supply voltage o> rated voltage ©wpodcd, fault current magnitude o3
oeepodllops  measure  c0O8E3,  load  current  [gdcoos:E  short
305032060203l

mesd03, side test ¢rcodp 400V supply 5ad8clonud (Constant supply
voltage)ecl Factory test ¢peoxp short circuit current o3 rated current

eepodeant supply Voltage o3 [godegpdCs regulate cpdagns§olonudi

Rated current eepodesan regulate cpbeo:do) voltage o) short circuit
impedance voltage o3, aaldlooud

Short circuit impedance voltage o% rated primary voltage o
P9ES8:3 a305qC %Z qolodudi

o3E:0m0meon; Nameplate ¢eedlgoonad %Z value ones short circuit
current  ogodosoogGal measure cROQE  g§Cud current 9§ ©&:0lodLdI

measure  current e  %Z  [g§ogodopld  Nameplate o
Gud[qoon:0y %Z value §, §E:00[qppddlonvdi

Nameplate %Z value 3, Measure cp6cd qo3 %Z valuer different tolerance
PCsS:  0WdEONNDI  ed§EeN0d0;  range  3poRE0C:

06:00000680:0) test Ao
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Power System $& 00520059009 3a03=z04p:

eqpgdeo
Ref: Saya Dr Tun Naing's post

Short Circuit Test (impedance check)

400 Vac

O A

S

Short-circuit impedance for:

2 separate-winding transformer with two windings,
of

a specified first pair of separate windings
in a8 multi-winding transformer

a) principal tapping

b) any other tapping of the pair

<The supplied current should be equal to the relevant rated
shall be less than 50% thereof

r
O v
Yy (]
~NO B
b O
33/11kV, Dy, 11

When the impedance value is 210 %
+7.5 % of the declared value

When the impedance value is <10 %
£10 % of the declared value

When the impedance value is 210 %
£10 % of the declared value

When the imgedance value is <10 %
+15 % of the declared value

current (tapping current | but
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Power System $& 00520059009 3a03=z04p:

Rated Power(MVA)
for 30 transformer, Rated current =

V3 x Rated voltage(L-L)

Rated Power(MVA)
Rated voltage (L-L)

for 109 transformer, Rated current =

. . Cuoviaton of the dovt cront Cumvpnd s han J €, 230800 VAL » appied v e
Short Circuit Test
NV wndag of 1) ' HERV, S$5IVA , O oront povcontage mpodence T 0%

veaalrwgr ond Qun { AN 4t D sy

“l
Ritol et o DI KN sile e 00w gsa
)

o - Iy bedbin
T

40 X875

IBX7

. 1I515A
< Short circuit current shouid loss than its nominal value to prevent overheating
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Power System $& 00520059009 3a03=z04p:

Redundant Power Supply

Two source

Double Busbar

Bus coupler

Tr double bank & parallel operation

— I »—4{—{1-
® ®
@ @
Q- Q-
B 18\
@‘] @\ @‘] @\
@ @-)1 @\ o @\ @-jl
[B-Y [B-N [B-\
¢-
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Power System $& 00520059009 3a03=z04p:

Meter Testing

Distribution ¢>o%:3, Transmission §o$8050009m 020§0300660:E$0A
Distribution ~ =26$3,  Regional 330305  §60ON3ESELd  &0qE
(regional budget cogcopb:§ies(53.)

GQrgsopd:00500mI  cRdCs: process  copdgs public o3
0PINGLIGAYBGSIVPE CVOAFEELdaOEALd
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Power System $& 00520050009 3a03z04p:

Inrush Current (2nd Harmonic)

Tr o3oonC float charge cvooden & effect olqm¢ Tr primary winding ¢o

excitation current GoonEonodagndl ooudi dlod inrush current o3 copbds
calAlooodi

Inrush current §,00fgpzqEd0on Tr §, Primary winding ¢»a0edl[Ge & current
magnitude o>  Secondary winding ¢ e  edlogadecondl
I1 ¢n value 006960l cneuend 12 6oy zero magnitude Al

dlefg Tr o300 float charge cvboden & Inrush current efgmé I1 not
equal 12, relay trip o3 Tr energize cpbodC: Differential 3, trip [0
020530005

006,690 Digital relay ogen Inrush blocking function copdogEzaontdlondu

In-rush Current (2" harmonic)

2¢m

b/
/ N o

N i 2, 1'\ pope -S4 )
= ““ \ - ‘ ' ; 4 'y I. 4.‘
< b ' /‘/ ',‘. 3 $ -‘I | 1. - 1
\ / ' / o) ! < - - t . LOAD
\ / \ \ Vi I‘ \ “f ’ ( !
\. / % A e ’ s "
: \ 4 Frovay sy \‘-.> -‘-‘ -y ey

»>Under normal steady-state conditions, the magnetizing current required to produce
the necessary flux is relatively small, usually less than 1% of full load current.
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Power System $& 00520059009 3a03=z04p:

In-rush Current (2°¢ harmonic)

20m

JVA SN

"\/

\ /

\.- /,.; caiae B S Y

»However, if the transformer is energized at a voltage zero then the flux demand during
the first half voltage cycle can be as high as twice the normal maximum flux.

»The magnetizing in-rush current may 8 to 12 times steady-state magnetizing current,

< That can cause Differential relay instability.

In-rush Current (2°° harmonic)

e - e

—— o

ol e e

* g T e by

K Pt wi |

Fowes 13 A e

LR R - B
My [ S L I
e Tor ar e o M0 W
sy Lty Ol
mwn EL L O LU B
11 fttess O L
"o ST LR
by
L
oy
nn
sy e
111 Cetmg TN o
iy Gepeg F3A 0 = P §
0y Oonalins M = W
i O D13 T8 M
L1 O sl Sy sy U
AL By affectuss i

2 harmonics filtering in Micom P633
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Power System $& 0052005000 3a03304p:

Zero sequence current elimination
Differential relay instability [4bcoo3saqodeogadm 0od9dl

Dyn1l, YNyn0 oo} Tr vector group GOy star point (neutral) eogo%
ojesH03, solid ground gogdlonud

side effect oo zero sequence current path [§6edeoomdl ( unsymmetrical fault

G earth fault loop coRa|opa€ & star point ones Tr ce0nE&EAond)
39> 3 ?

Outgoing Feeder 00d9wo Line fault [gbox wedesdE Tr oo Differential Trip
[gda30:0m [Jeeorend codlonud

§ effect 03 omaRwd3, Digital relay cogeneox Zero sequence filtering - Yes
B[Ge setting o codB0H§Ad

Conventional relay 336umC&:eopen Zero sequence current elimination o3 CT
secondary wiring GoRs, co6a32:0:00)

Tr delta side o> CT §, secondary wiring o3 Star 0od[G: relay o& oEdlond
Tr star side oo CT §, secondary wiring o3 Delta 0o5(G: relay o3oEdlonwd

|§:cf> Interposing CT sgooasem:eogé@: Phase shift, Ratio compensation &
Zero sequence current elimination cpbog:omdl

cgodeodegd A3eglgt:pslidlops
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Power System $& 00520059009 3a03=z04p:

Zero sequence Eliminating Conventional Relay

YyO- in phase (no phase shift)

-30° 30°
AA IVl
—p vt
- 13 PGD fla <—1a
A ) ‘iy AA
MY T G \ \ L™ w—
<“—ib b 1b “—ib
AA AA
- w— 7V
= ic “1c
874 87 8%
oC oC
= ® ®—="
B a N7
ib-ia —~ —~ ib-1a
=@ ®&—=
LIPS G Ase
o &0

»Zero sequence can filter by connecting like this.

POWER TRANSFORMER

c8 (3] cT2 c8
: P —— = .
Y n i A S
I l o)
TRI® TRIP
coiL = coL
gpie rim g g LTVIRES
{ i
| | RELAY
|
; :
] "
>~ - T
]
@_H_Y_F

Zero sequence Eliminating

SAOM RO - [ 421 Y]

’mwpwr@umm

D s r2mm

5 MOOMMNR Db | o | Derdgtan LA ym

= o7 Pwwetens irr E=adle 2l Yer
=y Devrld piry Vec gr emnds a-b P31 il

% Condg o ametens oIy 14t ML 0 20 lyet

5 g7 Parcton pay woetevs 19424 It L 50 Jret

& Gobad biry 14108 > 5L 150 Izet

# g Ganerst Arvtions piry 1812115 F3l 0 30 Iget
£) Jr Parwmoter wbuet | oiry ni M 0w
MAY iy »l "l 0.70

oy piry o F5l A0 lpet

oiry Op node resd pat PEL Kot phase-pelective

ol DIFY  Bushleiry /1it0r ¥S1 20 %
o ROF2 s = 3 X2 L
b alll
' vt . ”
» o piry O TSt /Iitn P38 20 %

B g Pawelir 0ok 3 iy Op del SnpragPil 000 »

& Pwwmaber gt ) piry Ryst effective P31 Yer

& Pawrwonter whoat 4

o Contrcd
=5 Konorg Zero sequence filtering in Micom P 633
Nu'! ly“
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Power System $& 00520059009 3a03=z04p:

Accuracy Class of Meters ( India regulation )

Accuracy Class Meters shall meet the following requirements
of Accuracy Class:

Interface meters 0.28

Consumer meters

Up to 650 volts | 1.0 or better

Above 650 volts and | 0.5S or better
up to 33 kilo volts

Above 33 kilo volts 0.2S

Energy accounting and audit meters

The accuracy class of meters in generation and
transmission system shall not be inferior to that
of 0.2S Accuracy Class. The accuracy class of
meters in distribution system shall not be inferior
to that of 0.5S Accuracy Class

Starting Current and Maximum | As per IS
Current

Wiring and Logic

Digital & "0", "1"

Electrical control o NO, NC

Digital "0" = Control "NO"

Digital "1" = Control "NC"

Digital OR gate &3 Control ¢ Parallel
Digital AND gate &3 Control o Series

Control  wiring  cpdcponon  Digital  [g8oocd  ecdmd8Eonelyped,
Digital 20&§032000 Control wiring cpd8EQlocn: $:§oe$00053,

"0p0q0GORM 9005006504
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Power System $& 0052005000 3a03304p:

Auto-Reclosing

#ARDS  Line  930:00500p056000¢  GONCORE{TB-6geontadtsy,  comLe-
20ONMEIE:  Goned  opdEEH?  Total  Blackout 20600533008
$5s0:00d 00Clonwdi AR ©cobel  Line protection 33653,copd:  Line
Differential, Transfer Trip 03,3, High speed tripping qesnt cpdeugeaOll
6520500090 AR successful (968, system stability s26000053200(g03, Under
frequency Load shedding 030103000 ogzqendh

# Substation eogen feeder 30:0%:03 PSoEfodsD:505:3, vlopseC remote
control cp68E@0omRedl

8lecnn? 200005998:3, (gudEoERWSAl risk 3oy VRISl

c05c§:000000360]  §0200p0eeLiSC0S  0epPeoRfiops: CVOSELl  BLIHELE
co0|oypogR:cdoedi
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Power System $& 00520059009 3a03=z04p:

TAUNGDWINGYI-SHWEDAUNG
DOUBLE CIRCUIT LINE

# System 220305 000MLO3 00§8:§03 a3&:Al

ES EF : : TAUNGDWINGYI

U=232.0kV

< | I=148.1A
Evey
w5 NAYPYITAW
U=2337kV
SHWEDAUNG
U=2256kV
TAUNGDWINGYI
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Power System $& 0052005000 3a03304p:

X/R ratio

Short circuit calculation c06qE 0E§503,.05 %Z 033 30§80>800udi X/R ratio
o3 90edledldn X/R ratio ©ilod %Z $.0 00508 qooooy short ckt current
0§80 mspdicodeon; cFesendh (actual fault level esmodeagpsd:

9%@%38@&)

( short ckt calculation o3 X/R value 00pdoRC: ©PEz050qE
COH0R0560pergudl software simulation ©geed co€dlodud)

THE BENEFITS OF USING FAULT RECORDER
Abstract

YNd11 machine transformer oo&\"P: outside fault o$ Stability oqG 87 & Trip
[gdagnzomdl
00680:60R §q0D

Fig-1 oo relay ooes extract cpbaonsoy fault waveform Ol IA,1IB,IC 03 0 sine
wavel same shape dli equal magnitude(1723 A)gdescd 8 fault o three
phase fault o8 ocoCospeowwd Phase angle in phase [§0e$00003
000503E:0D:0:qlI( 280RC:)
Differential Relay oneoop three phase cp: one cycle (20 ms) :39038: operate

C00232:00603,§0loo0dn (386:73E:)

Fig-2 1 Fault recorder ¢olgo3 waveform 33q IN= IA+IB+IC = 5200A
8,603,§03320305 Bfault o three phase fault ©0pod3 Tr §, star side ¢ solid
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Power System $& 00520059009 3a03=z04p:

ground gjoon:o3eecR0%i differential zone outside ¢[gbo3 Line to ground fault

alop¢ (9603 zero sequence effect o3, ¢op qdldi
Lesson Learned
Differential Relay ¢ zero sequence blocking cobeoqdlecdi Fig-3

** TRANSLATED **

Ia is in phase with Ib & Ic
HV(138kV) - Ia % AVN
/\ \ Symmetrical current
HV(138kV) - Ib y r\/\vl‘f
\ N\ /\"h =Ib=1Ic=1723A
HV(138kV) - Ic A
5.5 cycles
Reldy operation
Osc Trigger On A
XFMR PCNT DIFF PKP A f \ -
XFMR PCNT DIFF OP A
XFMR PCNT DIFF PKP B , a 1
XFMR PCNT DIFF OP B
XFMR PCNT DIFF PKP C — :
XFMR PCNT DIFF OP C
XFMR PCNT DIFF 2ND A n‘
XFMR PCNT DIFF 2ND B =
HVIIISY) - 1a i p: l:n\ in ;;‘j:.l!hTh.u&—l: ST
; Slas e o= 1723A
HVII38V) - I
i Symmetncal current
HVIAskY) - Kk . ; ]
HV(138KV) - In q
o
IVUSAV) -V
LVIXY) - Vha

IVUISKY) - Ve

HVOESAV) - Vin

HVOISNV) - Vi

HVOII8V) - Vien
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Power System $& 00520059009 3a03=z04p:

Zero sequence Eliminating

R Y BTSSR S ESIES N |
Bl vl (2 Vew Corwrcwcn Tock Wedos b

D e @ =

= 2 MCOMPRR 2 | oo Terglen Atve yhm
= Pwameteny piry Emadle "l Yes
<y Derrld DiFY Vec gr mnds a-b ¥3) il
& Conbg por semton biry I8t ML 0 0 lyet
= o7 Frcton piaw wwetevy 104 2 4 Ifatt» L 50 Jret
5 g Goba bire 1412€55> sl 15.0 Izet
%) el furtons piry 1818 1 C25 ¥ 0 20 Iret
3> Puamater nibuet 1 piry ai ML 03
ADY piry »l P51 0.70
cory piry sl ¥l 40 lret
o piry Op node etk 2t P51 Kot phare-pelective
vl piry PashI ety /Lif0n PEL 50 %
- ::f:"-l 1y 12 22 I 4 4 a0 I I U8 12
- : .
! dbta pIry Ov. LSt /It P30 20 %
s Pt dot 3 oiry Op del 2np2ag P2l 000 »
5 g Parwmater wlaat ) biry Hyst effective P51 Yer
8 g7 Paranter whoat 4
o7 Cortrod
B 5 trats Zero sequence filtering in Micom P 633

Prom Fl f v

Load Flow Sign

Fig-1

# 030590 Power o3 deliver cooq€ +ve sign

# 030990 Power o3 receive cpbomadeE -ve sign

# 8 sign 6oge&3 oo Line CT §, Metering core star point o3 Line side ¢
qe0:3,c80lonwd

Fig-2

# kW & kVar sign opq¢ inductive load

# kW & kvar sign oopq€ capacitive load

Fig-3

# Leading, Lagging a30o> gpeoonsa: [g4¢ voltage angel o 9000008
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Power System $& 00520059009 3a03=z04p:

current angle oo voltage angle cood 600001 652050310205 elgpleadlonwdi

# current & voltage angle Gogo3 3§¢§ 03 Distance relay ¢ocopSs 030508,
qGlodi

cognlse

VoRage vector
3
Quadrant 2 Quadrant 1
KW Import KW Import
KVAr (capacitive) Export KVAr (Inductive) Imgort
KW + 2 KW + >
kVAr - & KVAr + =
KW - & W - €
kKVAr - & KVAr + =
KW export KW expert
KVAr {Inductive) sxport KVAr {capacitive) Import
Quadrant 3 £ Quadrant 4
Figure 2

180 Deg
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Power System $& 0052005000 3a03304p:

Benefits of using Fault Recorder

esdHod, sacodooteon; fault analysis §, 00d2005c3, KEPCO §, Fault
analysis by FR &30} PowerPoint lecture 00693, voowadiznea, sa[03qdlonud
ad:0) fault recorder oo PSDM-TS &303 FR dli oqjesh a80060mn0d gdesns
2000001 GpS0203 60 00680E2%:§F0lo00dN 9pn Chanel Gonp50d:000

G§00OmO[030 oqesHad, Test Lab =3, Korea YOHO fault recorder cop
c80590860:30p:00051 3§ 00§EaPELdI

obeenm 30306q 3¢90 986wt mgaRy, 8opeues, fault analysis
training 0005g¢q3dlonudl 208e0:as0epan EGAT codli 990062005000603P0d
fault analysis section >3 cp63000d Glgpodudi 83¢en feeder s:d:0d FR
a300p9000:d] 000di Chanel gpscl, FR $609:60008 29:0805600001

FR 04gCsqC omme0p analysis cpd8Eade0qE

-Fault type and cause of fault

-fault clearing time

-response of power system
-performance of protective devices
( fail to trip, delayed clearing )

-CB status (unequal pole close/trip )

FR  smcd:03  network  §od53:  Control  Center o 8 comgeaol
Control Center ¢d§op fault analysis team o> g0y fault waveform o3
omomly$ds command [g&eoqeadli Protection Oz error §qC test lab team o
CB 3&: error §q¢ maintenance team o3 @ogod3, command GOl
Control Center commender §, 23§[o3p:903 2005e3Eep team @ogan follow up

QRIREIeH*aTe)
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Power System $& 00520059009 3a03=z04p:

Fault waveform record 6ogo3 FR 33[g€ 0odlgpiqfCend $pdscubion relay eoge
o0so¢dl dlelopE relay Gog03 configuration cooo33aslen disturbance record
mode 03 eeeeenqp enable AYdEV:EIS GO0 0Ds0CM relay S20:0d:03
local SAS 050660 §0590053, [Fgentesomill Sladqt relay disturbance record

80:09:0% Control Center o3 3 $EAA

dladqC Control center oy analysis team 330305 fault record §d,
$055000:500300  qogeendll 0dd9en  Fault  Recorder  0oe§00808q0d:
G§005000900 relay disturbance record Gogmes 0a0CqESAN

eqpgde

RECORD SIGNAL

Centralized Architecture
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Power System $& 0052005000 3a03304p:

Distance Relay ( Impedance Relay )

Setting  parameters sge§$o positive  sequence impedance, Z1
zero sequence impedance, Z0

©0GoR03 relay setting o 200500560z lodwdI

Fault ealile RIS
Faulted Z < Setting Z ( relay trip ) &33: relay 2o005cpOag0:Glondd
§ Z1, Z0 data 6op 0o$3qC relay operation copds ¢2:§EAlooudN

Z1, 70 00§3:6033, 05503, 32qE0p&:an KEPCO 0805800561303 EMTP-
ATP Draw software 23:30loo0d 96§00538: NEPLAN  software o3
2209gqClooodi ooudSoftware § 03050305 dleogan calculated value eopd
Data input eog@@o@ Tower configuration 1 Conductor specificationi Line
tabulation @omeop wodoy¢ result accuracy weomE:SEMN Scalculations
e  cBC:00dadt:0d  00dmdLonpdeamnndd  simulation w3 epeoy
ealileplevlquicatetd)leateNt
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Power System $& 00520059009 3a03=z04p:

Qelceatevlectoeales lsHaliietenn 803824, actual impedance o3
0320008 33260l000d1 03E:00008, §aP0) measured impedance §, calculated
impedance ep§Es&: 000e0d0z005 §§eoad, golonwdi

Thanks

Ye Kyaw line impedance oo [g§03C:808Glooconssoep factory oodata $eep
00§203:038ESloonzsoep
Aung Ko Htay [g$03E:3 c8dlonod

Aung Ko Htay oo o8& impedance o303 ©05Clsoon test lab oo
00ddFolonwd

Tin Maung Maung Oo how about accuracy of measure euipment?
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Power System $& 0052005000 3a03304p:

Myo Thant Calculation § actual 90056ao0503030m(03RSY

Aung Ko Htay qpe8eeomp up to 30% o) » 0% 0

Myo Thant Simulation § actual cox?

Aung Ko Htay 30% & o3¢0 [ogpseomne(gpomnd

Myo Thant essb Slefopp¢ cdEsoownseogon distance relay oolgop location
SR Xoptc Rpolopplent

Aung Ko Htay 0p0d0lonud a3q0 e$00d0009m0 distance relayos impedance

relay 83eoxp Z=V/I § o000 relay input |40 CT, CVT error §gcopds
@200
Myo Thant cogeeedlgp

Su Su Phyu Distance relay ooudeconodeomE:eomt: 3308 earthing ©

comnC:qC Distance relay oo [§omn 0o$eonponi000: soep 200n fault (4603

eseped earth ot fodesepoyelgomenn:

Aung Ko Htay Sfiéw V&fida Line-Ground fault ¢ relay point 8803 [g&coeod
earth return path o3 compensate cpSGu:3 AB0lodwd k0B, @sllond

formula o> k0= ( Z0-Z1) / 3Z1 ... kO vale vo&qC relay ¢o fault resistance

O

Sy 1 fault location copds kilometer J[gendl

Su Su Phyu coqascleosp F308a3 kilometer oo Jlgeudadeon; ko value 330305
o relay setting ¢o §$codsfGeoonzconzsoep

Aung Ko Htay formula § 03058 copdoon:dsaons
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Power System $& 00520050009 3a03z04p:

DC parallel source

Battery bank $09 parallel G003 oqeshzeess, 0pdeod[n300d§)
GEPOdY 060 9200l

Charger $b903 Master/Follower mode §, parallel Gentsd: out put o DC
distribution board rj;ooeo§ panel Gorgo$ one panel-one circuit $ supply
G02002:000l

mbeenm  00qodeeg s, design meeting ¢>  9p0d 00dm  oog[gaorom
Se0o0ne[gpdondlondi

DC supply o3 circular system o1 Battery two bank | Panel 036903 DC two ckt
3,000:00001 panel 33038:w> Main protection 20305 one ckt 1 Backup
protection 320305 one ckt 0060023620200 ( CB ¢ trip coil $69 Aldlonud )

00d8londerw 6oR,qoan DC distribution board woli Charger to Panel 0305805
supply cpSAlonud ( branch §8, MCB 6cdeaonod8E)

Charger 320905 one circuit only 3, feeder $691 o239 Loop cvOcon:Glonud(
control cable- 1 Lot §, sasoue|yol)

(b}

Foatbocst

ger ! , :~a;;e.- .E : Man
0 (100%) (100% [ 22t=
fuss

(anly onm batiar, may ba {rormaty cosec
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Power System $& 00520050009 3a03z04p:

Delta Widing

Fig-2
803 Tr §jgeo Tertiary ones Load 0peod:qC Tr capacity oo Secondary side-
40MVA 505:8Cendl

Fig-1
83 Tr §eo Tertiary ooes Load opeadscopd: Secondary side ¢o 60MVA
2[gpdod:§Ciloncdi  Tertiary  ooopadqE  Secondary  woden  capacity
latlalowati®atel

YNynOD11 Tr cogen Tertiary ones 11KV Line 6oR3, 3o8:3ns0:e§on 60307
oddsmeogCond  BqC  Tr  delta side §, protection scheme

e[gpE:8,6003wAll

Tertiary winding oo delta 3oy 11kV cd&:en Line-ground fault [g6q¢ relay
o earth fault $, o[ged§EA ( zero sequence path ©§o3se0305)

Delta winding ooes &:euqi€onud o3qC relay saess, earth fault [(E8Ceant
# 11kV Bus ¢> Grounding Tr 000so&gCs

# PT secondary circuit o3 VO (V zero ) §esanCoodg: relay ¢ 00pdoaEdgc: (
relay @205z VO function A8 c8dloowd)

# 11KV cable 350905¢0 ring CT (Z CT) 006s0EgEieop 00meay c8aonend

PRIMARY PRIMARY
230/33/11 kV 60MVA J 230/33/11 KV 60MVA
TERTRIARY [% TERTRIARY
J lf}f/
/77 ]

|
SECONDARY SECONDARY

-
PRIMARY-SECONDARY = 60MVA PRIMARY-SECONDARY = 40MVA
PRIMARY-TERTRIARY = 20MVA PRIMARY-TERTRIARY = 20MVA"

Fig-2
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Power System $& 0052005000 3a03304p:

Grounding Transformer

F200:3oq:90: vector group $O§json
# Y-open delta
# Zigzag- star

Y-open delta oo secondary winding ooes auxiliary supply 0903%0{330.%0
0qo320R05  Station &  Residential  source 33005  Transformer
0060H:0060:3 BClonwdi

( 05g803Een§o3 Grounding Tr oo Y-open delta dl )

0036¢0 adoonsojdesign oo Sapdlonud Zigzag-star ad:c¥0560n; grounding
transformer ~ function ~ 33[gC  station & residential source Ol
o]?a’l'):(‘@oqog):&oooSu

Tertiary delta winding ooes distribution ecpbeomnE station & residential
source 0paXG$OM  [gO03me0R0d  Grounding Tr 0G0  c9320653:e0dll
Station Tr od:qeud 3300001 Op GSEPYD Zigzag-star Grounding Tr 05:c805qC
S=280Ca(gend cotdlondi

30:00:09 F0DGVI:0q[0A

313

U Aung Ko Htay Page 64



https://www.facebook.com/photo.php?fbid=1817326038534574&set=pcb.1817326625201182&type=3
https://www.facebook.com/photo.php?fbid=1817326038534574&set=pcb.1817326625201182&type=3
https://www.facebook.com/photo.php?fbid=1817326038534574&set=pcb.1817326625201182&type=3

Power System $& 00520059009 3a03=z04p:

1a00 VY
- 5%
.; (73
L
Groer oing | .
oralaTrer T
O e | T ST ATA
< ‘-'\‘ 5 e "
L n éllﬂ'r' 129 A
ATA L‘ g 1ldoken
il 7
Ttw 105173 «1669 A
114
10
o B x 1.67TA
11002

L s |

*Earthing Transformer*

Fault Location in Distance Relay

# Line-3 o (9003 fault o3 Line-1 ¢o §op Distance relay, R1 o> 9.6 kA
$[g80005 (Line-1 only &, &:cuses 0dw0) fig-1

# Line-1 m5[g€ Line-2 § 3l e00bsancoiq€ same fault o3 relay R1 oo 6.2KA 3,
@&ﬂooosu fig-2
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Power System $& 0052005000 3a03304p:

# Distance relay oo fault location (km) [goooos relay ¢o [¢€03 fault current §,

fault voltage ¢Oloo0d 005g0585gomdk

# 30e0op30q) Distance Relay 80653, Zone-2 fault ¢o fault location 3008[0$¢3,
©0gudoll 0odg), Distance relay copadqC (e.g- ABB) Zone-1 fault 2203053
fault location [gooudi Zone-2 fault o location ojgeoxpdl

Fault Location in Distance Relay

# Line-3 o [9003 fault o3 Line-1 ¢o §op Distance relay, R1 o> 9.6 kA
$.[g€00ud (Line-1 only §, &:cues 0de0) fig-1

# Line-1 33[g¢ Line-2 § 0l enodsaneo:qC same fault 030 relay R1 oo 6.2KA 3,
@&3]@05“ fig-2

# Distance relay oo fault location (km) [goooons relay ¢o [¢€03 fault current 3,

fault voltage 6dl©oopd 0odgad3qomdl

# 80c0op30q Distance Relay 20683, Zone-2 fault oo fault location 2008083,
ocguddi 00dg), Distance relay cogedqC (e.g- ABB) Zone-1 fault 3503053
fault location [gooodi Zone-2 fault o3 location ofgeoxp0l

LINE-3

220kV k"(L1)=15747 k&)

BUS-2 fk"(L1)=15.747 kA BUS-3
INES 220 kV
k(L 1)=9.448 &

f

LINE-1
k" (L1)=6.299 k.
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Power System $& 0052005000 3a03304p:

LINE-3

BUS-2 k(L 1)=5.602 kAl BUS-3
D 220kV k" (L1)=9.602 kA 220kV
Fic"(L1)=0.000 kA|

| o

(L 1)=0.602 ks

TINET
K" (L1)=9.602 kA
=
Ll "—! N} L2

Rl
off=0.40 o

After tripping on a fault, it is normal procedure to reclose the breaker at one
end first, a process known as ‘live bus/dead line charging’. Reclosing at the
other and is then under the control of a synchronism check relay element for
what is known as ‘live bus/live line reclosing’.

# Line fault [30qC c3C:q, 030051 Boond Circuit Breaker $69cd: Both side trip
[g0a30:3l60S ( Transfer or line differential trip clopE)

# Both side trip [40[G:o3es005 CB $690d: reclosing [g§000le0d

# A 2005000Ge CB reclose [gS$cpdeudedqE o §, synchro check saes3, Live
Bus/Dead Line dl
( Bus ¢ 8:§oudi Line o 80O

# A [g$0o[Bies05 B 900500 CB reclose cpddlendi o9 §, synchro check
655,00 Live Bus/Live Line [g6232:3q ( Bus ¢naep Line ¢odl S:§e50l9)

Credit: EEP
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Power System $& 00520059009 3a03=z04p:

ot e

Protn. operated

(a) Network diagram

(local or —d &
intertrip) —d
AR lockout Sa AR
=l R Qjo—| inprogress
CB closed
t.
T2 o & |
AR inhibit ’_O
time
Reclaim timer
r —
Dead time
CBopen___ 91 & | (4 © g
Protn. reset __I S— | & —e CB close
CB healthy ’7 L command
System healthy sal—
R Q-
tg: reclaim time
t;: inhibit time  (p) Autoreclose logic for each CB
t;: dead time

Ferranti Voltage Raise

# Ferranti effect o3 22800308g¢ HV transmission line eogi underground

cable 6oRen [goedlerrgionud e3dlonwdi

# HV line 6oR03 line only charge cpbcBa503se4l receiving end (CB open) ¢
Voltage raise ( Ferranti effect) [gdeoclonudi line gpdecor voltage level [g&acw
§ effect $ooodeepaderodldl

# Line only charge cwbojsesl eoledlodaonoy charging current ( leading
reactive current flow) o> c8&:q), Inductive reactance o3 [god8:0338l c3&:q),
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Power System $& 00520059009 3a03=z04p:

receiving end ¢ voltage raise [gbedleoeddli normal voltage 820005 10%

GOODODO? IANEOS, 00070ZEELD 83VlodudI

# Charging current 03 o3e§503, 20a)g[ecY §oxon Line panel ¢o meter |
relay replace cvoqad,i Slovwpod SCADA control Gogoopdead, CT circuit
AEqopmdl  ogesdod, polarity test Scpddloocdn ratio  test seesF.o0
c0ocsi B, back to normal og:osesl 8oocSeoes Line only charge
530500001 0gadea) charging current v measurement display ¢o three
phase aOlonuded OK el

Voltage rise along the line ]+ Maximum

’ : : voltage
I I '
I I !
I I '
| I !
i
4 +
To Closed-end Open-end To
system system
Z=R+JX
Closed-end R ! JX Open-end
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Power System $& 0052005000 3a03304p:

Single phase auto-reclosing

Single phase auto-reclosing ¢ fault (§603 phase only & both sides trip [4o[qs
o$ healthy phase $&90n power 63 §005000520056805E 6§l

Transmission Line protection 3903§$° fﬁ:%: step distance protection
Sode0dedql (fig-2 fault ¢ ) relay-3 oo zone-1 3§ [9CQ: qod[gS: trip
[gBc000d! relay-4 oneonp zone-2 § [gEo3ma0305 qod[gt: trip ©[gda> zone-2
time delay 0.4 seconds (oqes50) 3aad{gesoy setting time) ssjope trip
[966h

relay-4 trip o[gdo[gC: zone-2 time delay 0.4 second [pypesaE & fault §,30H03
system oo $e5qedh

oqesdod,  Tele-protection & AR odq[gt:,  qpdgudgedon  fault
[§6020% q05[gE: both sides trip &, 000G qiodqC: one trial ( reclosing)

650088 A

Transmission Line protection ¢> both sides trip §3.ep §&s step distance relay
csepg>  pilot-wire (PLC or OPGW)sf.;ai):@looosofg distance relay or line

differential relay qpzsa0dg8ES, c8=00endl

Transmission Line Protection Scheme o3 92008[g¢8E8320305 communication

medium §,320§:000n0 306e:0lesFgddlonudi

Thanks
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Power System $& 00520059009 3a03=z04p:

Impedance Diagram

21-3
Zone 2
Trip in 20 cycles

21-3
Zone 1
Trip in 0 cycles

21-5
Zone 1
Trip in O cycles

Impedance Diagram

Bl Bl Bol EoH

it

s
P T N Y ANTENNA
l Bl
" ¢ " NS
n ) .
[ 44 y x . v Y < ?ﬁ -I- b
- h

- LD LT =
T2 Tt Dan
&?31‘ < o ]
Tt L)y
-l Case -
/Y- 1 Y2
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Power System $& 0052005000 3a03304p:

Transmission Line Protection Scheme

# Main, Backup
# Mainl, Main2

# Main, Backup Scheme

Panel 0o09¢0

- DC bank1, bank2

- Circuit Breaker oo Trip coill, Trip coil2

-relay :39@§$° Line differential relay, distance relay
-communication 226§, PLC, fiber dldled

For MainTrip circuit sgeo?,%o DC bank1 a°?:|§:| Line differential relay (Main) trip
[3©q€ Circuit Breaker §, Trip coil-1 3, [godgi0lecdi relay §, communication link
2653, fiber 03 adlocdi

For Backup Trip circuit sgeﬁo DC bank2 :fg:@m Distance relay (Backup relay)
trip [96q€ Circuit Breaker &, Trip coil-2 §, [godgdlecdi relay §, communication
link 22658, PLC 03 23:Clocdn

# Mainl, Main2 Scheme

Panel 0ob9¢0

- DC bank1, bank2

- Circuit Breaker ¢o Trip coill, Trip coil2

-relay :39@.§$° Line differential relay-1, distance relay-1 (Let say Areva)
Line differential relay-2, distance relay-2 (Let say SIEMENS )

## relayo’ Mainl §, Main2 Brand oopqC8comes ##

-communication 826§, PLC, fiber dldled
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Power System $& 0052005000 3a03304p:

For Main-1

Trip circuit :39(3§.$° DC bank1 o?:@m Line differential relay-1, distance relay-1
(Let say Areva) (Main-1) trip (g€ Circuit Breaker §, Trip coil-1 &,
[g105qClecd relay §, communication link 33683, fiber 03 ad:dlocdn

For Main-2

Trip circuit :39(3§.$° DC bank2 o?:@m Line differential relay-2, distance relay-2
(Let say SIEMENS ) (Main-2) trip [§9C Circuit Breaker §, Trip coil-2 &,
[g105qClecd relay §, communication link saes3, fiber for differential, PLC for
distance relay o3:0loudi

Main-1, Main-2 design o§ 500kV ©oo) Extra High Voltage Line protection
2655, 2d03dloocdi 132KV, 230kV caonadadeon; Main,Backup designedli

Design drawing s203¢: Installation engineer 0o a3050068, copd:a30lonudi

DC bankl, bank2, trip coill, trip coil2 3§, design OOCONGLLLH
DC one bank 323¢g: bank1 circuit §, bank2 circuit o3 Looping coscdo5q8i Trip
coill §, Trip coil2 looping eo:0dqE @q: Main, Backup design

eqPodogendl
Goooglge

QB02A
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Power System $& 00520059009 3a03=z04p:

Transformer Connections

H1 H2 e a
AQ.
R H2 —1 X2
B
H3
a BO.
P B » o x3
<
b c
X1 X0 Co.
Dy11 E b
b X3

ENGINEERING NAMEPLATE CONNECTION
DIAGRAM DIAGRAM DIAGRAM
H2 i X1
A a
i t AD;
X 2 x2
H1 - o =
& 11 e
c L ¥ u3 _{A xs
b < c -
X xo o,
Dy1 X0
X3
ENGINEERING NAMEPLATE CONNECTION
DIAGRAM DIAGRAM DIAGRAM
w2 i xi
A " »
s " no
- “.’ \_l.'
: . M3 .o
Tl ? - —
<
vd1 a1
"
0
ENGINEERING NAMEPLATE CONNECTION
DIAGRAM DIAGRAM DIAGRAM
2
A Nl—< "o
-
. "
c L %2
L]
Ydii
x1 0
ENGINEERING NAMEPLATE CONNECTION
DIAGRAM DIAGRAM DIAGRAM

PHASOR
DIAGRAM

PHASOR
DIAGRAM

PHASOR
DIAGRAM
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Power System $& 00520059009 3a03=z04p:

H2 H1 X1 H3-1
A a
H1 HO
A H2 X2
a B b
H3
c b X2
H3 X3
C B b -
X1 X0
HO X0
YyO A
{GINEERING NAMEPLATE CONNECTION PHASOR
DIAGRAM DIAGRAM DIAGRAM DIAGRAM
H1 H2 H1 X1 H3-1 H1
A a

A AQ. %x3-1 x1-2

x1 X2
H3 X3
DdO ¢ e
x2-3
co

X3 H2-3
ENGINEERING NAMEPLATE CONNECTION PHASOR
DIAGRAM DIAGRAM DIAGRAM DIAGRAM

ATPDraw (EMTP)

:qCopsion Test Lab ¢o Distance Relay setting copd3, o3:303 software
el

( Line impedance calculation software )

Data input o> Tower & conductor spec copdeusgolonudi
Positive & negative sequence impedance 083z saa|gopodeodloncdi
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Power System $& 00520059009 3a03=z04p:

Line/Cable Data: LIN750_2

Model Data | Nodes
System type Standard data
Overhead Line 9 wen[s |@ | Pholohmml 100
Freg. init [H2) |60
Length(km] |10
4] &uto bunding [ Set length in icon
(4] Skin effect Units Phno. Rin Rot  |Ress Hoz  |Viower |Vmid | Sepas |Aha |NB
Clsegmented gound @ Metic #t fem) fem]  [ohm/kmDC] [m] ]  [m]  [om]  [deg]
[] Real tiansf. matix O Engish 1 055 155 00585 75 2729 13 &0 45 4
2 2 05 155 00585 0 279 13 60 a5 4
Model 3 3 05 155 00585 175 278 |13 60 45 4
yiee o 4 0 03 08 0304 132 4105 2615 0 0 0
O egron EPmsdosps  DlofClpintos |00 08 0304 132 40105 2615 0 0 0
®p Output Z Output C
O IMatti M@ Ok Oier O
© Semlyen Zel(J et [JiCel1[C][Ce)
St rIOesk  Oicsh (e
Comment: Order:| 0 Labet [[JHide

I| 0K ] [ cancel | [ Impot J[ Expot | [RunaTP ][ View |[ veity |[Edidefin|[ Help

132m Fo—
9= Prob
L]

=¥ Bran

%5 Bran

Nidopan - 26.15 1 Tl Liner
) oo oo | - su

LN J LK J L L)

] 175m —J .—W? @ -
Attower=279m L—J ;\&—h @ Mact
Midspan = 130m D & Tean

£ moo
wr TAC
Y, B user

Inspecting the lis file
Full system (14x14)
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Power System $& 0052005000 3a03304p:

Fault recorder

System o> disturbance oodg[gdl§ 30203, 90udF§eor WS relay 6oy
20000000g020000e303  information v system  engineer  GoR2RCREY
00OMLON3 36E03lodN

Qoo information ooes relay setting [4$copd§$p38.c8es000c0m Circuit
Breaker o3  timing  egiesooconn A3 cdesfGoon: oaolg

252000038 [0p:8 ESlondi

Fault [96cq€lgdlgts NCC o3 relay fault record eepod3 sdom
olopatgdbomeomnead

oodanrgd [gq $oqp:

credit:EEP

onodaigsgpe  0ds§E§jz3o505 North American System $C European
System SelliE Pl loplceat I 05050§]e§Cloocdi
05050§Edc000d 200d{g|07 G030 LGP (4003 (puws- conductorsi
cables insulatorsi surge arrester and Transformers) ©0260R0°607

F20p0R0I0I

8 system sbomlop: 8o [grrgmegEdmmeony  layout(  sofyCsesol)
configuration ( ogodsqp: AloCedIC:ody) application (3299:919)03 Sfgddlooedu
(fig-1)

European system o three phase on?.& (pown-11/0.4 kV, Dynll three phase
transformer ) oR3, ©2053305y$, [gjzlooudn capacity 33653, (poo-1000 KVA
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Power System $& 0052005000 3a03304p:

0o0[9C) transformer oodado0pdines B:0d:ongPrgPd [98,6060:0305607
5200ggj0lonud

North American ©§6060% (25-50KVA ©20[g¢) single phase transformer
(capacity) Go0:600:600860R%, G205y [gjedlonudi

oncdamigslgre ©sded  Transformer &, secondary voltage ocopds
2§p§pog[griesiloocdn North American osdeo transformer &, secondary
voltage 30653, 120/240V 05607 003G e0053208gs [gz0lonudi Bosdwo
Transformer  ooes co o m0ptom  enodIigS [gpdlond
cicloppiceleleticlon sl cRematoplnele ] R ealoatsllcptov]

European design ¢ Transformer secondary oo three phase os&0l (pown-
11/0.4kV Dynl11 Transformer) Secondary voltage ( phase-neutral) sgo.ﬁo
220-230-240V ooofg¢ 0d:ecp@e North American System (120V phase-
neutral) 0005 $6908Cloocdi voltage $69000EBNGE  0rn803088:0:033
FPOPIGoD 60 (4 times) S8[g§[gpeo:8CioocdiThree phase o560
single  phase 0560005  oPmcossdo A [gEev:dEiloncd
dlejopé opoBojossan: opodoy voltage drop ¢o European osdu North
American 0560005 300260:050 (8 times) e20530:33[g$ [ggewsSEolonudi

805650930(070: 308m[gpsnigdE0MEo

Cost

cuoonoqesg¢  European system oo ap§oqo§oddgpidlonudi  Sleoeod
primary level ¢> 3360qp2200&: OO QOFZP0R05 IWOUMNMAEIELS
e[8,0053000di single phase 0503, 8:60:00:q0368000O9AS  three
phase 0563, 8:c0:qEc02 mSogEdodgpend

Flexibility ([gjogodi [gEaged§e)
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__ PowerSystem §¢ odoocdaopgy smcpaoqpr

11/04 kV Transformer ( 11kV-primary 1 400V- secondary) $
on0H3,E9S [g[s0on:03 ©5060009w> North American o> primary side o
SeomCiBeeopi European system on secondary side ¢d8eomdlonodi

Bl.eclencdamigs[gpes> Load area oo 0o9oopdionod: §o3seoz05 European
system ( secondary three phase system) 3, 205320y [gjEo0
S0 0lonud

$O5B.(33,)  eogproode30ad  enodamiys [greogE  load  area oo
000000p5:00p0:§0 [§,03e5$03320305 North American system( single phase
) §, ©205320¢g$ [gEom00n GGaoCaagpilonud

Safety

North American system o> multi-grounded (998, under fault condition &>
touch voltage [g€000560d amogudeutdlonwdi European system o high
impedance fault ( Line & 0000200038 ¢ododa5803 fault ) o
QUSMMI4ESEAoLdI( three phase o3 star(Y) cOlCed: earth giaon:0)3a0305)

Reliability (03[03058055jq4)

North American system o ©205320{40dG00052) coNsUMEr 3GEB0ROO)
cogpg$SEAonddi ( single phase §, eo0d3a0:60:00[400330305 fault [gdeC
[9903 phase oo &:03:0060R5 @058 40d60VMOAl 0§03 healthy phase
$6900 8:ad2004P: G0d3N:[4odeoa53l European system o ( three phase
system [46cd,) fault [958, Main dE osdo3 oyfhealthy phase $b9mo
820920560901 620532005600 0edl SlejopE v§mS03 fuse 000EEES 3,
OC/EF relay ¢oRd), setting qp: coordination g§esd, seeego3dlonwdn ( OC/EF
protection 0pgES, 0EMLIZIMITad: 323E:0I0)
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Power System $& 00520059009 3a03=z04p:

Europe 3, North America $C8qp:q, =0[g€on0d  0odfgpdtéeogenco;
European system & North American system 805056907 03s00:500s

85002500t GepoOmEgjenr§ordloncdi

Electrical Power Distribution Handbook by T.A.Short

(sBeagpesant [g§e30laod)

North American Layout

European Layout

35 1B
1247kV AT kv
May be grounded with
a resislor or reactor .
3-phase, 4-wire 3-phase
multigrounded pnimary

primary

Single-phase laterals

LB

4-wire, 3-phase secondaries

oooooooooooooag

LB

oooo0o0oO00o0oocoOoooo
220/380 V or
230/400 V or
240416 V

bk e
oooooopoooooooo
bl Yt b
gooooooOoooooooao
e, Gall, fad
podoooodooooon
120240 V

FIGURE 1 — North American versus European

distribution layouts.
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Power System $& 0052005000 3a03304p:

Bus Bar Protection
(Single-Bus)

Single-Bus arrangement o e C:00:5, 0S$0§0d  32200500080:A0I
( reliability copds 20505:80:013)Bus §, terminal ( line bay or transformer bay )
009¢0 CB 00093c83loowdi Bus protection sae$s, Bus differential relay o3
ma?z@[(ﬂooosu

Fig-1 ¢ protection zone 3&[epsg oAl only single zone i a8 $§§jge Bus
o fault [4bom3, feeder sa0:0d: 62053205305 60050g:edk

& single bus ¢ sectionalizing CB 00&cd:c005c805005e3qC  reliability
SeomConendh Bus differential protection ¢oeo 3gdcoendh Fig-2 om
single-bus ¢ sectionalizing CB 00&cd:c0pdc050330305 Protection zone
$69qcon0lonudi sectionalizing CB ¢ CT 664G Zone-1 §, Zone-2 o3 CT
polarity reverse &, Zone overlap [§6630& qpSoozdlonudi

Fig-2 Bus §, 90050005géen fault [90C differential zone-1 3, trip [gddlocdu
Zone-1 ¢ §0) feeder $0693, sectionalizing CB o3, trip [gdognsdlecdn Zone-2
G000} feeder $89 ©20533g0de0M05e w0 Fig-2 Bus §, po0ona5¢n
fault [g®copd: 8c30lcr Zone-2 trip [§fd: Zone-1 feeder qp: @oods:
0[godeomadd

Differential zone overlap o3 non overlapping configuration efgp&sadsgEaopds
qOlooudn sectionalizing CB §, CT $6603 polarity forward cooeo:cdndqC Zone-

18283 0[%  [gdogosendli(Fig-3)Protection  32c00cpbOmeo;  Fig-2  §
320p0n&:3kAdN
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Power System $& 00520059009 3a03=z04p:

Single Bus With Scctionalizing Breaker and Overlapping
nalizing Breaker CTs

Single Bus With Sectionalizing Breaker and Nonoverlapping
malizing Breaker CTs
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Power System $& 0052005000 3a03304p:

Main and Transfer Bus

$0$620530:60:650Dw 30ESE: 30090503¢: 330:0d:03 Main Bus 6ilaness
e00H38gS, [gjEewdlondy

©2053:602000:0300C:q), Circuit Breaker 03038:0365g[gCeapapdqonudadet
80803 oo Main Bus ooes Transfer Bus 9303(e009320:6[g0d60000503)

6g),8:0005320:60:002:8E A0

Transformer Bay 09 Main Bus ¢oo80¢ e205320:60:000:00 [93lowdn (Fig-1)
1. DS-1 open

2. DS-2 and DS-3 close

3. CB-1 close

4. Bus Tie Circuit Breaker 3, o §, DS $69 open

CB-1 03 03&:/[g€ pdqi€onudsedqC Transformer Bay o3 Main Bus ¢ Transfer
Bus 93, elgpCieg,000d3m:0pdlewd

1. DS-1 close

2. Bus Tie CB §, DS $09 close

3. Bus Tie CB close

4. CB-1 open

5. DS-2 and DS-3 open

8306[g3o65¢0 Bus Tie CB ux  Transformer Bay &, primary protection device

GBogIy

Main and Transfer Bus 0§60 0§03060530500:cudl elgedor 3a5p0:c0d3,
6a0CgrA&ESlonudi

3025008905602 §Oloowdn Bus Tie 320305 CB 006cd: c8dlewdn Bus Tie CB
o c8C:3m0d:g, CB 60303 c308: 3200:00:q¢03, relaying 323
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Power System $& 00520059009 3a03=z04p:

qoc0og:dlecdn Bus protection 263, Main Bus 30 cover cpd8ESleud
Transfer Bus odloCdli Selectivity 32655, Zone 3[gpig ©cwO8ES single zone
protection [g®e$03, Bus Fault [§0qCc02; $§00690d:e005330:{g0d6000056¢ndl

Ref: Design Guide for Rural Substation

TRANSFER MAIN
BUS = BUS
¢ - — 4
3¢
3¢ DS2 [ DS-3
® CB-1 &
DS- 1 |
® ®

TYPICAL ONE-LINE DIAGRAM

_’—‘nﬂ“l‘ | —_ L — ) —
- " o | st
p
s . pa— o | SN
«a« - D

PLAN VIEW-TYPICAL BAY

ELEVATION TYPICAL BAY
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Power System $& 00520059009 3a03=z04p:

» Breaker substitution ' ' ' '
« Zone of Protection:
Encompasses main Eﬁfﬂi_;.__.__[,_ : ~
bus only. el (o \Nor\lno
» Transfer bus —hSE——_—t |
1 WNC NC NC NC NC
protectlon” T @1 3{} # .
+ No Selectivity 5 B B B> Bl I —,
» Flexibility Increased | § 8 gj § {;
L } ‘NG NC N “Ne NC
» Often combined it ] | l I
am‘ ®

protection zone

Bus configurations Vs Costs

Table 4-1: Switching Scheme Cost Comparison

Approximate Relative
Switching Scheme Cost Comparison
Single Bus 100%
Sectionalized Bus 122%
Main and Transfer Bus 143%
Ring Bus 114%
Breaker-and-a-Half 158%
Double Breaker—Double Bus 214%

son is based on four-circuit low-profile arrangements with power circuit breakers
ser transformer costs are not included. In schemes utilizing other protective devic
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Power System $& 0052005000 3a03304p:

Ring Main feeder system

©@These are most common in urban and industrial environments.€Whilst the
start and finish ends of the ring are at the same location, power is delivered
by both pathways of the ring into substations located around the
ring.€Should a fault occur on a feeder cable at any point around the ring the
faulty section may be isolated by the operation of the protecting circuit
breakers, at the same time maintaining supply to all substations on the
ring.€In typical urban/suburban ring-main arrangements, the open ring is
operated manually and loss of supply restored by manual switching.€Current
practice is to use ‘distribution automation’, where operation and supply
restoration in the feeder rings is done automatically by centrally-controlled
supervisory systems.€This gives the advantages of ring main systems as line
voltage drops are reduced at the various load Substations there is a ‘firm’
supply (ie an alternative path is available if the primary one fails) to each load
substation.

Ref: Design overhead distribution systems

Terminal Station

o] [o] [co] [co] [eB) [sa) [ea) [es

Zone INENNAN SN, SN
Substation
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Power System $& 0052005000 3a03304p:

DOUBLE BUS SINGLE-BREAKER SUBSTATION SCHEME

Main and Transfer Bus design {30009l 8 scheme ¢ Main Bus
$0690lo€0lonudn 2208320905 feeder circuit 00d98¢0 Bus DS $6983loCAlonwdi
Bus-Tie circuit o> Main Bus $6909 sood>agudeusdloocdn Bus-Tie Circuit
Breaker 03 close c8053: Bus DS $06909 359¢3280500bc0egllyC feeder
000903 Main Bus 0009006500098333, e005320:{gode0m00dg o Transfer
006Llodl

83  design 3,  3§fpe>  operation 03  $6§ppSSEAoDLdN
0-3008330905 feeder 30:0%:03 Main Bus-1 9, Main Bus-2 00d9onpden
§odsond[gc:
J- feeder oo®ooH03 Main Bus-1 &, 03§ feeder 00®00>0d Main Bus-2
§odsond[gc:

conCioedioq 365500 $dod-0 $p53, Seu:qC Bus Fault [g0qC 3§
00090d: E2053EY0dEONHEAl $0l0d- | $p0:8, eoodsaseuqC Bus Fault
[569¢ 9503 Bus oo feeder 6opd @205338q0560705¢dl 0§ Bus oo feeder
qp: ©2053:8godeo00de ol DS 963, operate WOLLSBOM
200593Cep operator oo load 326[g2e65(03008: egegISSEAlonudI

ooslond) feeder circuits 6ogo? Bus-1 and Bus-2 $d9cd:edlones operate
c008EAnLdI( bus-tie breaker-closed, become single Bus ) $cSoperation
§lzs> Bus 00d9wn fault [46qE §§00d9nds @10d3m026[g0d600053 820305 relay
OCsmess, selective protection scheme [g83. c8dlooudi Main Bus $693, Bus-
Tie CB eogod operating cpddedloonodf: protection scheme  oocopd:

qOe0g:eseall

8c3 Bus design §god 326,381 03361 qresn: HT side cogen cop $Eendh
Main Bus $69003350305 Bus 0006903  maintenance cpdqiEqC  feeder
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80200073 oofgp: Bus eoleg [§: 635:633:680:6808 03§2/[E 0SS qolonwdi Bus
shutdown copds GomEioepecd ©305335q05E005¢00: v§dl

g:500:q00306$3.00  3Bus  design o  Bus Maintenance 3203053
smeoCelgilooudn  feeder spogod CBI Bus DS 3, Line DS oop
AB${qErO8 sopadeony  200dadEep feeder o @o0OdIYOSGOMOOG
§esdiendh

Operation OC:z06$5 0005 Bus DS $06903 operation cpdqodlozacgnd
operator 22300983, eol-lop M e =pleglcept Reslclonplost clon
§8E 0200001

clpeqé double-bus, single-breaker scheme o» 3eegoREOd  §E0R
203056007 32607080 solution 6gdeoo:Ol

Line

I
I

[

=

L

NI
-] ] g ]
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Smart Grid

33684qC:e000 Smart Grid odog:esdi ( AMR to AMI )
8copd: AMR Gan05607; 3E:08d0Jon:gd.dl

Glossary: automatic meter reading (AMR) advanced metering infrastructure
(AMI)

Thailand prepares for 2018 smart grid pilot launch

The Provincial Electricity Authority (PEA) of Thailand is set to rollout a smart
grid pilot project in Pattaya by early 2018 in a bid to improve citywide energy
efficiency.

According to the Bangkok Post, the 1 billion baht AMI project is the first in
Thailand, and will allow PEA to understand consumer behaviour and utilise
behavioural data to improve service delivery.

Under the project, PEA will install 120 000 smart meters in homes, and
construct a data centre for the processing of data.

The project will allow consumers to access reports of their energy
consumption on mobile devices as well as via PEA’s web portal. The project is
aimed at encouraging consumers to adopt energy-efficiency measures that
can help them save money on their energy bills and offset price increases.

The EGAT’s AMR System
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Introduction

EGAT o3 opbe 951 cecoopt 8§E¢3C enterprise ( ) 93902 cdlE:opdicoq)
3.0p5:00006000E5300p01 EGAT 03 00d8EEd:el electrical power Generation
$C Transmission 223C:03 02050y ¥dGeoNCeoBloopdI e20d39S [gie
086e0Ce36ssE MEA $& PEA o3 oo omosuy  6eonlgodeusiloogdi
Metropolitan Electricity Authority (MEA) oo [§,600 $0588053003C: ( [§,6005
DFEONOSE $1006p [81.$659p2) s S AC &
000§096802EQAHGLAl0RdN ([§.e0% $058805[yCo) Fgp:
[4pS5055CABEqpel @odEgs gD Provincial Electricity Authority (PEA)
© 020085096802 GL:Ol0RdN
6005320330900 [P3enzcon00pbsEang| EGAT 0CH$C
0Q8m=OSNEREl  20p3Se0lod  §&eeEes ©MHIFAdI oEE
$02NS0RC  BOC:8EEHBqe  OOdMMG Breeort  vgadmssediongy
OloCeamngm8tes 228200D ( 9)§HaS §¢[gRAlo0pd

o1l EGAT 61 con568005% angaidgsn(gd copdieomts
Ji Small Power Producers (SPPs) 35[gdcopdieoms

o1 Independent Power Producers (IPPs) 33gdcopdieomes
OloCeaongm8tes g¢[gddlaogdi

kKoK a3 epogt EGAT epkebe §CEeondel ealieHeatetticions
©205322:000092033[gd GeodEGEdEO3la0R0N ***

MeteringHistory

ORAOI ORSO 950 omcuyP: 303 EGATI MEA $& PEA o 3afop: high voltage
$C medium voltage edcbsansecuiegegpod (class 1.0§) electromechanical
meter  gppaddg  @eongadogdloogd ope0  95bmmE00g
en0H3MeGLIEYYP0y  electronic meter gpi3eodigEeoNCgades EGAT o
oddqod30loopdi  sponudelopCadeond  electronic  meter  gpizoesSC
Go056uE: electromechanical meter gpzs¢ KIPAE eqpgSr0zPes00:0kgCs
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accuracy class 226$$¢ class 1.0 ¢ class 0.5 class 0.2 o20pd|g¢ accuracy
S8eomCigsamgn  meter setting  §§p0SE[eCs  calibration $C  data
qupSE[gioo0pd function qPeodqop 388 ESo0pdN
Power market 3203C: 0gA8mm0esinm 00CH:EAIC:loCama0D) 2o§§40e
EGAT 0655C overall accuracy §¢  cpbeeonly — comnlagdoopd
Somgpeodden’ [§EonEH0looodn IPPs 1 SPPs gpsell  @00b320:60:6qaeRd
exchange points qp:op¢ data loggers $¢ communication port gpsgd0loC(Qs
accuracy cgSengCentoop) class 0.2 8oxogp:n’ 00080E05:833l00pdN

MeteringPoints

§C&el 0063000526000 ©10H3:005000 EGAT 20655C 6009320:000500000
SPPsi IPPs gpsode eo0ds:00009¢) MEA | PEA $¢& Direct Customer gpsodad,
[g$copdeepleqeoidloogdi  delopé  metering  points  gpso  EGAT &
[gp:303, 300p5:qpe3ajoyp: Energy exchange points gpsgdaondlonud (fig-1)

0§ 83058 20655 0CegaOGe0OEE0NCEVE0PY G00sH0RE  main
meter $C backup meter vpg) dom569 0Oe0EQAleRdI GeSaesSE D3
comnCidaqp:od main meter $Som 6sodCgodqepd 9o backup meter
:2655¢ check Som sofydorn 3293:gqdlepdn main $& backup Soxogp:si
metering circuit qpzoopd 00®a83:00608, [gdesqdlepdn (o9, CTi PT 399
032008 25:8qpdup 83cddloopd ) (fig-2)

a3 epogE cod§ EGAT @i metering system o0pdcopds maini backup ©$d
88[gElg€  o[gdeooxdli  RBcBoopben main $&  backup  oog)
SomsdadiondeoCooneaddcopds  source  opoomaopd  CTi PT oo
000$00pd:00§Aloopdi ( fig-3 )

AMRsystem
EGAT soe$$C Automatic Meter Reading ( AMR ) 05603 opRq 95600008q)

0528658y Sloodn (fig-4)
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AMR os6cil computer sever o EGAT §:qoo€ onbeo&ddlonudn 8o data
qp:od collection, validation and editing qp:cpd[Gees005 0Qed§ax0y report
st EGAT @ billing, dispatching and planning go$33 [9$.co[gCs MEA $& PEA
a3, 6geoNCdYIGL:3 [9Cgpe Gaontgndeu:olaogdi

FutureAMR

Electronic $¢ communication $00:0p00 03:0005000000) 2p6qPES EGAT
2656 VOV Ye500d SomgpiesepogE Time of Usage (TOU)
Somogpe 2002:063:0000080%:8qS  9dqodF0loopdl 3e30l TOU meter gp:o?
EGATT MEA $C PEA o) oy energy exchange points gpsogd
00080E:Fognend [gddloopdn doxel communication medium ssessC dial
up (PSTN or GSM) and IP based network gp:0? 23:8og:005 [gdoloogd

Tran: The EGAT’s AMR System
Energy Meter Department
Control and Protection System Division

EGAT System

22,33, 69, 115, 230, 500 kV

Fig. | Metering points
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Directional OC/EF
67/67N

220q[00¢036$6peoRM
# parallel feeders
# Transmission Lines

# Generation sides

Directional relay s3o relaying point mes$ 000500500203 side ( forward or
reverse side ) 00990000:03000 protect cwdeozOlodudi protect YO side o3
sdgqodeusoman CT's star point A Transmission Line o3 protect cpdoudadet
CT's star point o3 Line side g@ozOli line ¢ (9903 fault o3forward protection
cvOeusendli reverse fault ( relaying point §.es§o05eoqp Bus fault ) o3 trip
00l

Directional relay ¢> Maximum Torque Angle( MTA) 2005¢0bc0iqdlooodi
MTA o@ooo angle between IA (lets say faulted phase) and Vbc
OR angle between IA (lets say faulted phase) and Va
( relay 000506002060 000000l0000)

MTA angle o30mes fault phase IA 3, 90' GoonCescdl: 330>l qeona)
dotted c8&:q), poraedan forward fault o3 relay operate cpSeofyd[Ge dotted
cBCsq), 900da00H reverse fault o3 operate ArdEd ©LPEAA

PO
relay §, forward (Line side) ¢ fault [96qC fault current oo setting current
coodeoypogieddl faulted phase §, phase angle oncopd: dotted Line §,
onWoded  §escd,  Directional  OC/EF  relay  trip  [gdOlocdi

relay E] backward fault ( Bus fault )oo  fault current oo setting current
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coodeoyPageacdcopd faulted phase §, phase angle oo dotted Line §,
005000560 §esad, Directional OC/EF relay trip o[gdol

Thanks
Vbc
R,
6"6036
0,
'ké'
R
%
O,
kpk'ko
Vea Ve Vat: Vi O'Qé"()
kn ab <
e ya Vab ‘on
Ic Ic
Van 4
la MTA
Ib Ib \
Vbn Vbn \\
Y
Y voc Y vee
NOMINAL PHASOR DIAGRAM FAULTED PHASOR DIAGRAM
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PREFAULT FAULT
Va 69.28V @ 0° 30V@0°
Vb 69.28V @-120° 69.28V @ -120°
Vc 69.28V @ 120° 69.28V @ 120°
la 2A @ 30° 10A @ -65°
Ib 2A@-150° 2A @-150°
Ic 2A @ 90° 2A@90°

Breaker-and-a half configuration

Double bus -single Breaker design &> Bus 03602 @205320:0[qobGom0G
aB8/[g¢  pd8Ceowwd  feeder Breaker o3  AB&:/gE S o
©2053q0de0M0d Biendll 83a0:505:905Gs Breaker-and-a half configuration
o  o§eoxnilonn  [030503 Bus 1 Breaker o3 @>0d320:0[g0d60M0AS
a082/[gCpS8ES, operation §, maintenance 823E:605600560EAloudN
Bus ¢0 fault [§6§E@0E enodsaielgodeomaddlon:

SO0 meon Kes Single Bus 000> 00080FGCN0H MY, 400KV &,

520005 Extra High Voltage 3§@03¢00 a:ecoqordloncdi (oqje5503,88woc0pds
05:6007005)

8 Breaker-and-a half 880 Main Bus $690loud Bus $6903 Breaker od:9
[o3r:88:00050900000:0001 Breaker $dolop:adtiones feeder 0od690g050lwudi
fig-1

22090583 $6903 Breaker a9 00690803800 sa00050 Breaker 03602p
32090583lsd9on 3280C6[yoocd( operation 22q) GEO:EB[I0lodLdI SBeo)

38l0od903 Breaker 00d93( one and a half ) $008:q03 2069200I0N
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Bay centerline spacing o3¢o» layout design coOOI3ag$e0 Ga0GOYPYP
oD:oniqedli( 6§0Cons  ABS/[gC RO S  LPods 3593320005
p68,20309)

Center Breaker oo 336[g326530q 300905831 $690d:q, primary main
[g0038e8lcond:§encl Bus  differentiali Breaker Failure Protection 1 line
protection 6oR3 8, protection 228C:06027 $00:505:90¢A

Thanks

Tl

_@%L _
F_DJ_I;D_/_:;D_M

ks

TYPICAL ONE-LINE DIAGRAM

L P2+

-.:: ' - (=2 | — = = . - == A X .-

Pmernamna ]
, = e = |l | i
; 3 i - putnl ;H._:-;_— L.

=z==s [ 1-3 X

PLAN VIEW—TWICAL BAY

ELEVATION —T¥PICAL BAY

Figure 4-15: Breaker-and-a-Half
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D
l:
Ao (T ; FGA 0
Ly J { FG Lire?
RN _ - FGO Q0
TR 4 g 15x8
L - -
z o [ FGA 0 |
—
u.0e["] E [ 765,00 |
y =SS ) -
1 — = [76ca0 |
¢ o =) (=) &MDs
e e
7 ¢ =0
Ly GO 00 |
Sy . | Fec o0 |
——
f% 758
—
Hgare 1- Overall concept far protectian and coolrod of breaker-and-a-hall systems
Topology of Power System

(3§ 3200 B3l A3E:e0Rq), design zacoxpC: clgpdlqeo)

e00H3:gS, [gEaddyp: 00p068000505$¢ operation OO 326[gd3gC d:§e
&Aoo

# Radial systems

# Ring-main systems

# Meshed systems

Radial Systems

2 4. 8.005:00006800050m 3§eqEed:Al0N(fig-a)

400Vi 11kV §, 33kV c8C:e0pen sagp:adiean 8EMowdi 344, 34l
0dg[gtimes 320905038: 00dAEH[E: 3658, 0QOAN03 G [gdAlodwd
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220905 006c3E{gt:adanes branch off ( tap off ) cunadurad:glogdlonddi
(fig-b)
Branch off opoon:03 point ¢o DS a3 00pod Load Break Switch 006s0Ead: g0y

0mc0pd: §Alooudn 8cd topology §jgan 203800 S:eq $p5:0ka) e3a0§RE0RE0
3200g[m3eco§dloocdi

8056q, =9:000gdm  00pbesIdNd  qCiOlonudl  oopdesoaegEod
20050000l00051 08§:2384gyCee; 0§od>0052000l00ud

et Yebtolloglcloaleplelons)

o8 fault (o) dB84gC pdudadel 38l cBC:imes @10d3ULHCON:03
820020042 ©20532540dE00Oleudi 324 83l A8E: ool

e00H3MeGPeIede Losses oeaqpg8Ea
C?J,S’JOS Ggél cqoo&riqp: @8GJ SAlooSi

8:081 95 Ce0) design Al

S

>

>

—p LV consumer connected through T-joint
without disconnecting switch
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(b)

T-off with
1‘/ disconnecting switches

\ I\
N N
MV/LV transformer 11/0.4 kV
Transformer

Ring-Main Topology

Radial system ooes Ring-Main 05603 upgrade co08, sacgudedesodicoo:mn
C005§8:60:6507 ( Poen-11kV Line ) radial line $698, 3280:03 disconnecting
point 00693, §jode005c80>§AldI fig-1

00$8:60:650De0e0; radial feeder $6933683, S:e0ies0lgddoncdi feeder
0009900 Line fault [§99qC disconnecting point o close cpo[Gs fault [4des03
Line §, 8§0o0006§), (33,00905) 820:0%:03 8:e005000560:6$SE0N

disconnecting point 336$3, DS or Load Break Switch o3 033200dgi§Edoncdu
Semfg§lgSeugitonudadqleon seeoines remote closing cwo$E03 recloser
60R 00080E2:§ER§ o0

805600  BC:00098q, conductor size v C:sdowd  Joi 05303
8Cs8:3 ABdlonudi  00dspdemigé 00§ radial 0885 S:eoies0000

agojossaniom  Conductor current carrying capacity §, 50% Gaoodend
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__ PowerSystem §¢ odoocdaopgy smcpaoqpr

aB&scomqeodl  e[pEfuSelpaqs  [Prsegudseoniomn  ofsad,  $0%0
[36658 c8Slonwd

radial c3C:eop0d  ring-main  ©0§d 3e0gglecdalel MO Od:EEST)
cB&{o3peognd B200qC [03ped8[03:0ms, ( reconductor ) cScowdlgls 3§
feeder §, CT o3 ratio [030m5, cdcwudgEieoy [girpdgeadh

Ring-Main 0§04, 320:000q000 ©20H3:6qPoded:e (- system loses) o3

cogpqSCAoncdi 8 smzogeotinod  eagpq8Cdloowdi  disconnecting  point
[ydeo0dqod ( DS / Load Brake Switch / recloser ) eog0d c82060003

G5epg|oiaigS 8 8am:0q90C:003 cagpgSEAoudi Slo3 optimum separation
point c06000dd ealdlooudi ETAP / NEPLAN 003 simulation software @op

32004g/0R05910508 c0d: qdlonudi

Ring-Main system ¢o  oo3sag§jscopds §dloocdn  reserve line 32034g[gCs
(fig-2)n ring-main with cross link system (fig-4)n

common use 326$3,00 Tuple system ( triple system o8 copS:eal[m0lond )
o3addlond (fig-3) n radial line od:903 cBC:320d:0n disconnecting point
qP3, §0Ds0050con:0mAl ring main  unit 006s08a%:8cd §8EdoncdiTuple
system & c8E:00808E:[g: capacity §, 67% 3208 0§33:03:808, qdlooud

20005¢0 S3I06000 33/11 KV §4§, 200905 11kV c3E:eopq, topology
gaeloC:ll 33kV 3§03 ring 0odgIConud Bgropd vCuPEEogaded 33KV
85695 disconnecting point cogseads{g[de ring vodognad qdlooudi dlo?
primary loop system o8, esl[ogdloocdu fig-5

Ref: Power System Engineering by
Jurgen Schlabbch & Karl-Heinz Rofalski

U Aung Ko Htay Page 101


https://www.facebook.com/photo.php?fbid=1923174594616384&set=pcb.1923174211283089&type=3

Power System $& 00520059009 3a03=z04p:

5 0 0

11kV Line L

J AN AAN

DS /Load Break
Switch / Recloser

o
Normally open tie

(a)
o :
®, °
E i
o ’ '-:‘E,; e
! ZE
qm)l
| ) .
° o ,
| ¥
A '
S ; ° ’
Lo ——

Il Disconnection point (n.o.)
* MV/LV transformer connected through fuse or disconnecting switch

(b) 8 '
:

Reserve line

B oy v 8 Sy Sl 0 5

8

o o e

B S

° .
I Disconnection point (n.o.)

* MV/LV transformer connected through fuse or disconnecting switch
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Power System $& 00520059009 3a03=z04p:

i I
| [ ] L] 3
©
°
. : °
.
‘ ‘ [
" ©
1 ° °
° L4 5 *
e e o

I Disconnection point (n.0.)
* MVALV transformer connected through fuse or disconnecting switch

P—

L]

L ]

L ]
. L4 .
! ,,/-\ ‘ -

Cross-link connection

L ] |
| *
| |
. . \

R J Lo o’
il Disconnection point (n.o0.)
*MVALV formor connected through fuse or di ing switch
MV
.
. v v, v,
DSor
Load break switch
¢ - o
v recioser
L4 7 Disconnection
point
J no
P < LR
Substation

Figure 5,16 Structure of 3 meshed LY system with yngle-line supply
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Power System $& 0052005000 3a03304p:

Interlocking

Interlock &30 DS GCB o0  switching  devices — gp:od
:29C200056e0nEgodepogE  safe operation [4dcod, device 00093 00dP
§/ods005 Geontgad(gts [gddlonud

DSi GCB o34, auxiliary contacts ( NO/NC ) qp:od control wire §, ( series or
parallel) electrically §oda0050200005: §ilonwd

6§0050C:60lc0)  substation automation osdeogeneod; Relay or Bay
Control Unit devices o303 DS/GCB 03§, (ON/OFF) status indication
3.0805dlo0di 8:¢ interlocking sequence o3 Logic §, @ezopdlonodi

Double Bus Bar with coupler 00894g, interlock condition 02&903 Reference
0p8EQE320205 PLWITYD GEdlgELIASHSloDLdN

Q1, Q2 - Bus DS

QO - Circuit Breaker

Q9 - Line DS

Q8 - Line Earthing Switch

Q15, Q25 - Bus Earthing switch

Q51, Q52 - Maintenance Earthing Switch

1. Circuit Breaker QO (open) [ydesodmagi§eomn DS Q1, Q2, Q9 0309
(open/close) operation cp6c8, §8EqOleudn

2. DS Q1, Q2, Q9 intermediate position ¢> Circuit Breaker QO ( close )
operation coOc3, wgqoln ( intermediate 3o rotary switch comEeome:
:20000000¢] NO/NC contact ed[gEeomelopé DS indication o ON
copdiewpodl  OFF  copboopod  dBeeepod  Bveepad  [gdesomdjdl)
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Power System $& 0052005000 3a03304p:

3. Bus DS Q1 §, Q2 03,07 operation 008[0366n 00693 cvoqdlevdi ( Q2 close
656 Q1 open cpdqlecd Q2 open [ydese Q1 close qilovdl 2[gsecnsdl)

4. Bus-tie Circuit Breaker QO close 20> second bus DS (Ql or Q2) close
8,9q0leudi Coupler ¢o QO, Q1, Q2 close position [gde$¢00> Q1 or Q2 open
00003 qadlecdi ( @20533026[g0d260053 Bus §i§:qiCop 3a8lqrea0g0b)

5. 2005a3&ep Bus earthing switch Q15, Q25 open [gdeseon Q1, Q2
open/close operation 63 6eo2EgadSEqilevd

6. Line Earthing Switch Q8 open [4deseo0 Line DS Q9 open/close operation
o3 6aoCgodSEqLledd

7. Line DS Q9 open [gbes5¢000 Line earthing switch Q8 open/close operation
o3 6eonCgEASEQOlLudI

8. Maintenance Earthing Switch Q51, Q52 open [gbe$¢000 Line Bay §, DS Q1,
Q2, Q9 open/close operation o3 ¢aoEgr>8EqAleddn

9. Line Bay &, DS Q1, Q2, Q9 open [96es5¢000 Maintenance Earthing Switch
Q51, Q52 open/close operation o3 6eoaEgESSEGOlLudI

10. Coupler bay §, Bus DS Q1 or Q2 00&900pd:3 close [gbese00 tie-breaker

U Aung Ko Htay Page 105



Power System $& 0052005000 3a03304p:

QO open cpS8EQOloudi DS 0009053 close [goesqt ( if both Q1 and Q2
close) tie-breaker Q0 open cde) ©qqdh

11. Double Bus ¢> 2005s3&ep Bus §, Bus DS son:d: open [g0e$0000
2005e08ep Bus earthing switch Q15, Q25 open/close operation o3
6a0CgmAEEQdlevd

Ref: ABB Switchgear Manual

I :
Q15 iazs Q10 0Q2 Q1Q 0Q2
| — Q51

Qo Qo
. Q52
Qo

Q8 I

I—O

MHO Vs QUADRILATERAL

Distance protection &> 3200:30qp:a0: zone shape §8?oo mho & quadrilateral
shape $69d01 oqesd0d aBen =00d:qpioy AREVA P441, P442 relay cogon
quadrilateral shape o33503s{gCloowdi P443 series Goganeoxy mho shape o3
5200gj0lonudi a3ud[3edep zone shape egequde) ol

SIEMENS distance relay @ogooeod; mho or quadrilateral  [o305ep
6g0d qdloocdi seeedom: US ¢ mho shape ooddjgonpbeam adsdlonudoj
oS $00:0p0009 dood:03 q§ relay ( e.g Mitsubishi) relay eogoopds
mho shape 000§j00p5:3 qdlonwdi
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Power System $& 00520059009 3a03=z04p:

mho §, ssomgoden  setting c0pdqomm  cguddlooudi  zone  reach
065300600 oqudjys.e ool quadrilateral §, 33020009050 mho shape
cood protection cpO8Ea) zone reach Goyudg§dloocdi  resistance,R

reactance, X oo§3:6000% 03ud80d§oocd [g[qEd: zone shape o3 modified
0O8EAdI

0000900 32500:qI050000: [9§[gdee0cn0ddlonudi R, X 00§8:603 c8a0cd
NORO) GSEPE? System 356[g326503 233 33253000l

Distance protection o system & 0305305 00500653, 0y Ced
AERUOSES, ofpontecpamnesgiwndl

MHO Vs. Quad Characteristics

Short line Long line
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__ PowerSystem §¢ odoocdaopgy smcpaoqpr

The doubled DC system

Substation control system oo&Ss[)(j;o Battery bank and chargers 336{?0:?80:3O§5
[99Clooudn  Battery  bank  $&9cd:s,  DC  distribution  board
000903 ode00500:0lonwdl  ( Charger  aooes  Control  Panel o3
OD0dGodgodsoc[ge: ewpodd Distribution board oS¢> DC bus section
$09300:0l00051 00O9 bank-1 320305 1 6§20H0OPM bank-2 320053 DC
bus section $6907 bus tie switch 02698[3s §odsoad0o:0lodudn fig-1

008306[g306$e60) bus tie switch o3 open cpbood:d: bank $H9cdi
ap section $,95 supply Go:eslonodi 30000g) bank 00deews fault [963¢C
93,00p05 AB&:/[g€ wO]IEQE & bus tie switch o3 close cO[Ge battery bank
00090003, Load 820:0%:03 supply Gosdlooudn ( Bank ood9[gtsq), capacity
o load 320:0%:03 60&E0) capacity §3.c30lwud)

DC distribution board ones Control Panel 009803 DC supply circuit $698
3.0lonud (fig-2) circuit 0od9on bank-1 (section-1)or 6§005 circuit 0269w
bank-2 (section-2) ¢ [gddloocdn DC circuit from bank-1 oo trip circuit-1
5209051 DC circuit from bank-2 oo trip circuit-2 330053l DC bank 00699 fault
[463qEe0m¢E relay tripping vegpodeoqs qpdgudoon:ondl

Doubled DC 060 svop:aolgé protection circuit 820305 qpbgudomdl
slefoyp¢ Circuit Breaker ¢ocopd: Trip coil $69A13, a3¢ndli Control Panel ooes
CB §, trip coil-1 &, trip cool-2 odagosed control cable oocopd: oBefgd
[gd20EAlonudn

Transmission Line sgogo% Control Panel Design ¢> main and backup
protection 838:§dlonudioesHod sBwdeonp main protection 336$3, Distance
relayl backup protection s26$&, OC/EF relay o33200gg/0lonodi
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Power System $& 00520050009 3a03z04p:

Doubled DC 056¢> 3203:{g|ecp§io3 Odon> main protection relays o auxiliary
supply o3 Bank-1 (section-1) 1 control circuit-1 ¢ qop[Gs relay trip command o3
control circuit-1 ¢ooe0& CBg, trip coil-1 o3 GeaC:lonwdi backup protection
relays oo auxiliary supply o3 Bank-2 (section-2) 1 control circuit-2 ¢ qop(3e
relay trip command o3 control circuit-2 ©ooeo¢ CB§, trip coil-2 o3
G E:0lo0SI

Control Panel(remote) 95,000 CB local wonso Circuit Breaker o open
c00g|Cqeon; trip circuit-1 & trip coil-1 03 saadgiecy §loacloovdn (Fig-2)

ref: ABB-Distribution Automation Handbook

Figure 3.123:  Typical doubled battery and charger application

ooooo
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Power System $& 0052005000 3a03304p:

Fault Calculation

qP:@oon3a0ggC Three phase fault o> current magnitude saqpzed:Old Line to
Line fault oo three phase fault magnitude §, 86% &:0lgolodudi

Line to Ground fault §, magnitude oo three phase dead short fault 000D
Sq20m0c0pd: §olooudn sa6[geaes50§Hew 60R,602050lonwd

1-Tr vector group

2-Location ( near generation source)

Distribution Tr §603 33/11kV Dyn11 vector group ¢> 11kV side oo (9603 L-G
fault oo three phase fault coob jgEzOlecd

L-G fault oo eaqpqiqcac Tr §, grounding system o3 [g€ewsd addlewdn
d0& solid ground qesepod NGR dadomndes, eagpqi§colonudi dleoewd
impedance ground v Line to Ground 0e>nadd eogpgeo:§Comdl Three
phase fault vedN03e0, vergRY S

Three phase fault oeno? $00:006:50§S, GagRYSCOloLdI

1- Tr §, %impedance o3 o3gCacs

2- Tr 03,1 Line 03,§,0306¢0 Current Limiting Reactor 000s0&ad:8[gE:03,3
[§6Slocdu

$0500:00:0602) system §, technical lossless 03 32500:cud [gEanndeoendl

[908Caq| es005000§zmeomp Network Configuration change o3, $p5:h New
generation sources @Rl SPP Gopan  &:w00ep 005§ §§ Bus cogod

§ods00dc8ad[gls Tr eoo? parallel operation [giopd[gE:eogum 8Bus coRq§,
fault level o3 [g€ooodeoeddl Circuit Breaker 30§03 component ¢oRg, short

ckt rating coo fault level oo [gEonodemgteo CB failure 1 equipment failure

60R oloPan [§0e$00050lon0dI
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Power System $& 0052005000 3a03304p:

Current Transformer Wiring Circuit and Polarity

Credit: U Aye Min Thu

# 3-Phase,4-Wire Multimeter $ 3-Phase,3-Wire kWh Meter qp:o% Current
Transformer $¢ §05900500090C[C:

Current [9®0Ds0q Meter $60%:03  000s0CaqC  Series  §jod800dAl
20830905|g[0pd[gc: [gddlooudi 3-Phase,4-Wire Meter s3aqi¢ CT Secondary
o3 (3)Phase Connection o&qAlonudi 3-Phase,3Wire Meter s3aqC (2)Phase 200
0Cqdlonwdi

CT § Meter gps §0ds00d00080EepoRE CT © Secondary Terminal(S1,S2)
oqp:od Control Cable §§obsood0l CT @i Primary( P1)od Bus Side 9005
cvpd00m:qiC CT (3)Phase oad:el Secondary(S2)oqp:ad Star eolCsGs Ground
/ol Outdoor CT e3q¢ Marshalling Kiosk Panel og¢ Ground gdli CT (3)Phase
ocdsel Secondary(S1)ogp:ad kWh Meter gpseil Input Terminal qpsogC B-Phase
o3 gsooGs A,C Phase gp:o3 oAl kWh Meter oo 3-Phase, 3-Wire 3o§jssa00:

5533

kWh Meter & Output Terminal(A,C) qpze agoda000) 3p04p:sE kWh Meter
o3 6oES g§002:0009 B-Phase saoqp:od Multimeter ¢ Input Terminal qpsoge
oCAl oBe§005 Multimeter &1 Output Terminal ogpzo?d Star cAlCsde MK o S2
Terminal qp: Star cOlC¢] Ground gjoo:0005 Point $& §0590053l

[good: 2Boodzqedan CT §, Secondary Current @i Direction o0pd Primary
Current $¢ o[pCfys S:00C:3oocdi Digital Meter soqp:90pd Bi-directional
§E3oongp: [§00330305 Loadflow oo ¢pbaopdonahad, S:esdleo  Flow
[g$23 CT Secondary Star Point o Busbar §, s0§031¢9005 Terminal ogp:s:
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Ground goon:00p0=00305 320¢ Loadflow [goesaqiC (-)Sign [glecdn 320905
Loadflow [gdes$qC (+)Sign [ydlecdn 0ommudad Ground gom ¢:e$0000a068E
MK ¢> Ground Point oa|pqlopadaye Meter §, Input & Output o3
olpCfgs  Connection oCcBoddl Output o3 =208 oG Input o

:3908(73@(\?8@8:6“ §§éscﬁ oa?:ooc?é]u

Loadflow Sign gp: osonseogs Current Kirchol 's Law 32q Bus o3 Star Point
;65 0B odoniqdlovdi delopE CT Secondary qp: Star Point Ground
qspoRE Bus Side 0upod000d Side 03000 ggPlecdn CT @ Primary (P1) o3 Bus
Side 9005 comagi€ Secondary(S2) qp:o? Star ¢l G Ground geEeedi V5§

$960R¢0 622650 gpadlondr

Busbar
AD
2
° 80O
° co
IPhase. 3Wire 3Phase, 4Wire
RS = Digital
Ip Digital kWh Meter Multifunction Meter
L [ e oo M| T e | . it
1 S2
P2 Pl S¢ .. 3 | & a4 At
(09 1 ™ $2
P 2l [ I I " "% S, (77>
] &
S2
2l Asmmaaatt gl i
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Power System $& 00520059009 3a03=z04p:

Voltage Levels & Enterprises

EGAT

230 kV BUS

B0331Iky Oy
YNynOd11 D 25

CT's secondary unused terminal

Secondary ¢> three winding dloj 100-200 / 1-1-1 CT 0060:03 050
32004g[ge0:00k

( Dual ratio CT 6oR03 00d[036¢0 ratio 00693 2d:8EAlonud)

# Meter-> 100 ratio a)q€c8, 151-152 ad:000:3lo0di 153 o3 open
C05002:q0lewdl

U Aung Ko Htay Page 114



Power System $& 0052005000 3a03304p:

# OC/EF relay-> 200 ratio 0309:qiCc8, 151-1S3 ad:000:0l000d1 152 03 open
000023 0ledl

# Third winding 636027 35a%:6[g[gdcd, short Go5(Ge earth gioonzdlonwdi

Dual ratio CT eogen aadse[gjo3 terminal oo’ open coboon:qilevdi CT open
o[gdAli 151-152 ad:000:€ 1S3 03 godooqdlecdn 151-1S2 connection
§e503320905 1S3 terminal &0 cpi 0gEd:60R0% 335quO[gOGOLL) Voltage ol
CT 3025 open ocpdeop:adds B: 603, 3205:0|g0p terminal coga3dl short o5
earth g30>q&! current §8sag0scd, ratio ve&eox0l

Meter unit 3500050656020l relay 0§ 320060cp68EE0dk

100 - 200/ 1-1-1 100-200 / 1-1-1

S1 S2 S3 S1¢ S2 l 0S3 S14 S2 s3
open n

Diagram-2 Diagram-3

©00€epC20¢20p) Control Circuit Drawing

cocsigloto 281 Bueoy esd, 003 ©odCererd  20EM3JGE
mesdznlg€on  Drawing 0500003  Gapaogn:copdeocdolonudi  Drawing
©050005Ge80m3, crlcleapicolont Begpod icteieloslclavalesles
c[gqC:8Candi  erpanoooMS, 005D algqCzadad8Ead,
600560500 6P ( §0590 oI oM comEEQ)
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Power System $& 0052005000 3a03304p:

Drawing 050005865005 J[Gs 0309030003 udlogode §3.00 230kV 98 0wrad
33kV switch bay 00d9eeonodI 11KV switchgear c30m0  0069GOINH
installations cp6gEqEBadeE 6005E0HGD §0:c0domdGr 8 Drawing 00d9030
maintenance geoodmes [Mpdeo3, installation qecontmes [03pdqoms,
ondlooeo ©ORONGCVI
Drawing ©obom3, 1 new installation cobc05q03 820305 equipment 6oR4),
6loPC:dl 800500a8cnadlGn CT polarityeogi GCB trip coil eogi OC/EF
relayeo saelopCs PeeBeus coqCes, a3conqold
8033 .0 §jp0050006603 090d0m60NS GLIODAIDE GE0Y,I

Drawing oo&9saed Installation gecodgd), 3al4Ea? elgplgdiqee

Installation coOewdedoms, seelgdseoyed: 3, sadmspoged: 30RO
cable schedule eegalqoEdldi Drawing 3000y GCB control 330305
12Cx2.5 oodegpCaadeod CT 330305 4Cx4  odeqpl: meter  900d
GO0D050%2005020[gE0Rmd]ESqLlonLdN

pown- GCB control 820305 Drawing 20qsdqC 10 core 329:000:00051 Sleoewd
eaQqRd ad8qCapdd 30305 spare 2 core c0boopd(Be 12Cx2.4 3050wl
spare GCB auxiliary contacts Gogo3copd: @§oCongs ad${gERO8ES,
marshaling kiosk 03 82078000560:002:0805000 ©0[gE  GegPEOZE0R05d
odonfBs  cwoeuiqodll  Drawing oBogpd[Ge  drawing  ¢o%:009:0000005
$05e500:06000C{G:  [0peCeqaldr  §eqledloood  according  to  drawing

890%8:(\]_)8%]6]&

88200003 AB0OR08EY, [03603.903 32005325603

# cable schedule cpode0d Installation Engineer 8303 Drawing cog oq$8
GEPODEODONGOR
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Power System $& 0052005000 3a03304p:

# contractor cogon control cable
1-Lot a8320 c8ab0man Drawing 8203E:000 cable laying codecdedqt
Slaelcigbplosloaplclontcen) ol gbpltenale Y

Drawing o3 sacloypCielompCielopé modified qojsasl Drawing ¢o DC two
circuit o3qC1 one circuit & cable laying 0@ Panel > looping
C00OGLE05000S ( protection 630D GEOYUSYIED GodoAIB) I GeCiwd
Tripping o> one pole one circuit s3qC one circuit dsoC:omG: o$ two pole
o3 looping  Gu:B05000d  ( e§o€ond§)§  single-pole  reclosing
05208 0q$Ee0md) 1 Interlocking GogeapeEo; safety out oA

Project 00694, design stage ¢o contractor 6oR3, [GE:q98q 8[gOqAlondu
5380300 00d9an Drawing approval ecpdet o3u5cdqiEa} control design o3
0388 [GC:98q0203lN DC two bank cusd 1 two bank o3 point to point radial
system (3,) circular loop system Gosd.1 protection o3 Maini Backup §, GCB
@oopd: trip coil $6903 separate tripping 9631 auto reclosing o3
009320)26[gea0:60e0Y 65CSaNSES Panel circuit design so6$3, ready

to use [958 003 3eloPCizepPyPigrn?d GagiesiGC:asBie final Drawing

sdom ogcﬁmmé]ucqq&mcﬁeog o selopeloptielopé Drawing o3
modified g[§s30m03, w603 Design 6oR GadEEPEOCAN

eshondDionpd:  3[gCq B[ 0ed: ey  30eq,3d0l  Installation
cSomm [g§en  rgaRdldn dleownd  supervise SO WdisooRdl
Inspection  @om&:d,  Installation  GomCE:o00dcd,  0peoddlonudl
Design GomC:eud proper installation [gdeucdsdqE un-manned substation

sBom o[gd8Coep ooledarzacloyCal

00500, 036 0apdguddl 2ae:dlgE gagodeusdl
Goozoglg

U Aung Ko Htay Page 117



Power System $& 0052005000 3a03304p:

Interference in Distance relay Testing

Distance relay Testing cpOO3SI$ED  32GFIOITWOIONGLTIIVEP  $OP
60element and SOTF ol IEEE &3lo5 60 oo negative sequence Protection o3
sBcdomdli negative sequence voltage-V2, negative sequence current-I2 o3
protection cpbeuiomOll Fault 0odglgdomnd, Current GoodCaxwwdl Voltage
oqogrsecdn 338ad¢n V2,12 eogeopd: eepdloonend Distance  protection
00:03309lencod:  setting §, Voltage a0y Current 330005 &, tripping
06200

Distance protection &> mal-protection o[gdcod, Voltage oqieoecd Current o
12 vedlqC fault o, copsocod, tripping logic &> copdeeaealad qdlooudi
F0:000§00326$3, operator or oofgp: error oodgeelopE PT  breaker
oogreeomE( V down-I up ) [gdeowdd 12 vedlcd, relay trip ofgdoli ( PT fail
protection o3, @aldloowd )i & logic o> 0odmud Distance protection test
000mIlencopds PT fail o33 [9Ccd, relay tripping  ofgdomcopds
[03900050lonud

Switch on to fault (SOTF) oeo2p under fault condition ( fault ogC:eo0:0)
Breaker o0&803se8l instant trip  oo§:eo:Cloocdn  Distance trip  test
c000338lenc0pd: Zone trip o[gS SOTF trip & [ges02053lonwd

Distance trip test cobes503 =o§|§¢> 8 negative sequence & SOTF function
6oRRodd, Bfunction 6o block cRH[B: 06200008, qdlodedi 3acmC:ed:
G§000000500:m60 fault V,I injection ecwdeli pre-fault V,I o3 Inject
codBee fault V,I o3 elgpC:cdodommn 2eomE:ed:oli OMICRON o> state
sequencer function &, 8c3§js 06208 qdlonwdi

Just for knowledge!!
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Power System $& 00520059009 3a03=z04p:

Transmission Line Voltage Calculation

Distance (KM) | No. of Phases Standard working
voltage (KV)

Upto 8 3 6.6

Upto 16 3 11

Upto 64 3 33
Upto 116 3 66
Upto 240 3 132
Upto 480 3 220
Upto 800 3 400

Table I: Selection criteria for voltage level

VL = 5.5V ((L/1.6) + (P*1000/cos®*N *150))

Where,

VL = Transmission Line voltage in KV.
L = Length of line in kms.

P = Power to be transmitted.

Nc = No. of circuits

Nc = 1(for single circuit)
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Power System $& 0052005000 3a03304p:

SCADA and SAS Installation

SCADA Installation ocpdjceox Singapore cogon 3§ 00dglgC: Control and
Measurement S0 G§2053§00DPREE0D oP:ogClonudi
DyCE 82820005 B:oostead§e 03,3, 0dC0C[Giesnad §§00dediwesnndondy
Selepploclosfauiilet Ycolobolquloslbldlc JESek Tt leleploNT

Singapore G0y 0D0§0PROLLY §Ge0R03 Measurement 328C:03 first stage
0081 [Be Control 8C: second stage O3, 8digodP0m
0godq0de803300905  progress  GomE:dlooodn  Project  336000C:000E
8386034, Measurement: Load flow data cog03 Control Center oo [4Cesqdldn
Second stage, Control 3&:03 63:632:680:650: S00SCVO8EI0LdN

Control 3C:03 HT line cogen copd8ES0lonudi m&ae§odelopEdl feeder
b9 control & measurement §3, BCU soadigogniecdsdql  cost
00D E20:cd

Singapore 6oR3:0365005 @§OONPE: J§ GO GOPOY  ISOSC0G:EORS,
00080C8E $Cloowdi ( SS 590 Measurement and Control §, o$ SS eogm
measurement only Al )

Existing SS ¢0R4), feeder 820:0%:03 c00H§Ea6[g326503 Glgecrsdl mSoyedad
0005000520008, Control cpOEES, $05s0b:qPic0pds gpagaondlonedi

( o)o8g §:00000: ??)
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Power System $& 00520059009 3a03=z04p:

# End to End testing #

( For Distance relay, Tele-protection testing)

1- Obtain and review all test case

2- setup the GPS antenna

3- Isolate the equipment under test

4- Relay Input and Output connections

5- Connect test equipment to replace CT's and PT's

6- Apply a meter test

7- Apply the test plan

8- Evaluate the results

9- Repeat step 7-8 for all test

10- Return Protection System to service
11- Prepare Test Report
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Power System $& 00520059009 3a03=z04p:

s
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Impedance Diagram
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Analog and Digital kWh Meter
Meter 0odcd:en Electrical 3 Communication 3 §dlooodu

Electrical C:30655,00 Meter §, accuracy classi rated current 1 copdoodgss
0SN§e 00260R0l0EMmWdN Sag0de0m 22qCMY:EFoR03 analog meter
Slyolgor cacdedl digital meter ¢dG [9[gd saceg|03:03 SPgIEdzECLNERA
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Power System $& 0052005000 3a03304p:

Communication 3&: remote meter reading 0563302053 analog doeogwd
communication ©§d0loCl Digital meter eogen  communication  facility
Ololooodi PLC RFi GSM 0300030502 6gead, qdloocdn OMRI AMR 1 AMI 6305
00d0s05, meter reading cROIES 030daF0Y ©56300305 PLC adzecon:
RF, GSM a)ec0: 6geqoledd

$600 B0mcdm0geoRqesd, o 320D 08dLINEORMGONEESEA
000003FFEED 0PIV BTGNS VS, GO Sladqt
analog meter so0dod:0c0on: 1 digital meter od:wodadcopd:s communication
facility odc3qdlonodi Sloewrod 209g$en s, 80E0d6e$E00Y G§PEMS
AMRI  AMI o€ 32s08a0¢ [9desd, communication facility eog
C0P900:00I0E 800D OP:ezaeadl

290 meter reading 05003 elgpgiComam 300050ea3 elyrgComao:
0RO $60D &20d:000%cnNAB 1 Q0 qod G5 Gog ABaYEdEAd, ©[gE
8000  00duemeoy  esqondldn  qliedommeony  S:aionm
00p9[0dldI  00doMRd:  CVCH0D0MI  FPQUOCYODI I, GEION
005880g  egrqomedn  03udogpdidudeony "Grade oeomp  godooy
F20r5loogp" 83032560R[03093I5 v§ad0odI

QDGQQD(()D’I) oogoaooo
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