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ABSTRACT

This thesis presents the study of neutral grounding resistor (NGR) failures in Provincial
Electricity Authority’s substation (PEA). By collecting data of neutral grounding resistor failures
in the field and simulation with ATP-EMTP program, the results obtained from the field survey
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Typical voltage
Short duration variations Typical duration

magnitude
1. Instantaneous 1.1 Sag 0.5-30 cycles 0.1- 0.9 pu
1.2 Swell 0.5 - 30 cycles 1.1- 1.8 pu

2. Momentary 2.1 Interruption 0.5 cycles-3 s < 0.1 pu
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Long duration

variations

Typical duration

Typical voltage Magnitude

1. Interruption, sustained > 1 min 0.0 pu
2. Undervoltages > | min 0.8-0.9 pu
3. Overvoltages > 1 min 1.1-1.2 pu
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Recloser Operating Sequence of PEA
Conlac;l Closed

— | ~
Fault Currerg,,/ | &

- ' T

Load Current

Recloser Lock-out

Fault \ /
Contact Open
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2. Andanifeuasnszuadiuiu 2 ga 15U Ground relay (5IN) lazdmsy
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Description unit 22 kV system
Enclosure
1. Cubicle type Metal enclosed, air insulated
2. sheet steel thickness at least 12 AWG or 2.0 mm
3. Degree of Protection IP 44 or better

Resistor assembly

4. Applied standard IEEE standard 32 or equivalent
5. Rated voltage kV 12.7

6. Rated current A 1,000

7. Rated frequency Hz 50

8. Basic Impulse Insulation Level (BIL) kV 150

9. Resistance Q 12.7 + 10%

10. Temperature coefficient of resistivity = not more than 0.00031 per °'C
11. Rated time sec 10

12. Temperature rise k& 760
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{ ‘; = 1 : J | :l ) 4 “a ar = j
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- ~, Max. % Voltage Dip
PFUAVDIAITUHANWT O HUEHe
(Phase to Phase Voltage)

Short Circuit Fault (P-P) 98.12 % =

9
Qs

Single Line to Ground Fault (SLG) 20 % asauithwingnagly

2. usaau Ilnudvme
3 v ]
luaruveamamnansaau M udusrvmziiu szfaluman li'ldinanis

dnv5 larianuieununs1Ig (Phase to Ground Voltage) 32 A183015197 2.6
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Numerical Modeling

ATP-ENMTP
(TPBIG.EXE)

L ] L 2 v L 2 L i
TPPLOT WPCPLOT PlotXY DisplayNT PL42mat

GTPPLOT | JATP Analyzer|| DspATP32 HESPlot PL42Zmead

g‘l.l‘ﬁ 4.1 Supporting Program
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Simulation part Supporting programs
v [eaptE cons s |
M era -
| -— *-“'_-i“ﬂ-_ﬁj'_iA
time-domain and [rr—— ]
' frequency-domamn il JMARTISETIP [ g
solutions '
it C AELE PARMMETER'S
representation of the W T
F'[ NODA SETUR | —
| electrical network ‘ e —_
| N S ———— ARMAFIT |y
e —— 1; : S St Ly
| | -y { F R
| spY | ! e
! 1 ]
{ | o | a——f xFORMER \
T AR — Ny
W v ATURSA |
| o | HYSDAT |
[ Transent |1 [ Genetal parpose] 0 znoFiTTeR
Analysis of | simulation Vit
{ Comtrol Systams | languaga T
; —| y , I_rum BASE MOWLEJ
| TACS J | MODELS | ¢~ =7 —~

31 4.2 Module As095un3 150u Tl 50050 ATP-EMTP

1. NYERNMIMUINARITUIM WA IUNA]
szuuiifesuelulilsunsy ATP-EMTP 19@3m1590 (Node Equation) vas
usaau Idhiiganie q Tusaesiideanisnt Tugiiladduaes Node Voltage msfuaadms

lundazdrudiannsamudinaniudnvasvewrariuiuiuyie q arnldvesduls
Tuszuuiinan ¢ azensom ldeinmansuawesdaunlsing cac g atgaimua
=4 o o 4 1 '
Tifivuraan @ w5114y Differential Equation Faiilumsiszanaa Taganuuandiaves
AU
= o aa 9/ o
2. NOQHRMIAIUATDITUINWATUAIND
= ° o 9 a g @ =
npEgmMsAIMNANTaImeuaud nlslullsunsy ATP-EMTP  azii
ﬁy o [ ) o ~ a Y
WugunnaszuIuns luganzasdived Ilinszuaady Sviuszuvundudadu
_ =] kS ey ) @
Nodal Equations 3zUeu Iagl¥nauauiidues Complex Phasor dmiunszud luihuaz Tnua

voausaay IWfhmareqaiia Gail n Tua
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4.2 MmI3ganuudiaes tazmndimesveaszunlvih
myafanniiassdinazivesginga luszuu Wi ieldlulusunsy ATe-EMTP
uiveantudiuaie 9 dait
1. uMaan1e 3 e 115 kV 50 Hz (Source)

o ) a [ o a s A [
ﬂ'l‘ii)'laﬂﬂlLHﬁQﬂ"II.‘LlﬂLL'NﬂuulﬂﬁT L‘ﬂuﬂ'liﬂ'laﬂ\ﬂ’gllﬂi'lg?‘iﬂlﬂﬂ?ﬂU"U‘Ll'lﬂ“UEN

'
~ w o

ugadu Iihaain Rrzduusadu i 115 kv tazanudnfivewmrasiuie Wi veanay

]
=

Taf fiszdunawd 50 Hz Tavsusedu Tlihi1#un1siraesSins s idemqeaaves
usadu Ifuaonsunsag gafulunstiaesdinnzimassuiaussduliih s
winmssdu Tiheagaldanaunsd 4.1
Wy VBusx[%J
)

115x103x[—

V3

93,897.11V

I

e vy, An useauldihuowmasiie

58 Hﬂﬂuﬂﬂﬁﬂﬁ"lﬁ"iﬁ)ﬂ (Power Transformer)
MIaTUsaesnTzHveantenlas lihiideiaadanie luan i i
] 9 o ar o = a;’i g o w a . P 9 éu as
e lddmunisiaesinsesitin sztlundonlad s s tasseanyZoudioiniy
1A 50 MVA 3 wlar usasu IWihdnlgugi 115 kv naznsedu Iihdmnaogi 22 kv
A0 50 Hz Iaslis10asdeanaaddanisne 4.1

M13147 4.1 FoyA Factory Test vosnouilas Iihmas vina so Mva

Base on 50 MVA
Loss 22427 kW
Load Loss 128.938 kW

Impedance 14.59 %
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3. szuudmuieIn#h 22 kv (Distribution System)
asasauuuiiassszuuivieg Ildlszneudiemisiimes 2 Uszian Ao
a el d . . dA . aw i @ a 3 o 1
winiliges iaafiuazmsimes nvuegiuanud auiumsdenuuusiassszuusmie i
2 A Y] A v vV o a o 9 M A A L) -::.
wiianudidgy e v ldnamssiaesTinazdiigndeanselisinunaiamnasuriooige
Tumsiiasadasizvszuudvuie T desvimisasivaou Tassadvueq
o ] ¥ & 9 T = =Y :!d' 1 a
szuudimiieney iieaninlaseaduaazgduuuilszwiniinesAuand1aiuesn Tl
o o a o 3 9 o a
dvsunistrasadnsizy i Tdsunsuius lduuudtassaisaaeniruuy 3 e

¥ [l ]
YUIA 185 MTNNAAWAT AAAD 2 WITUUXIMINAY UT10azB8nnan15 197 4.2

35190 4.2 doyaminidimesvesaedanildhszundmihe [16]

Circuit Name 52241M0
Conductor Type 185PIC25
Code Conductor 5GD185PICS
R, 0.210656 Ohm/km
) 0.414406 Ohm/km
R, 0.409841 Ohm/km
.o 1.616029 Ohm/km

v o
4, ﬂ')l,ﬂ"uﬂ'i%i]. (Capacitor Bank)
& 3 o o o
Taena lllumsafsuuuiiassdunulszgez 14dnuazvoimsdransuny
o 1 [ @ a { 9 v a
Lumped Capacitance Li‘luanumxmiﬂ'ﬂﬂuﬂsunummmé’f‘mmu Ao Lm::mm'uﬂizq
a9 o < v o 1 E1 "o a o = o
dmsumanhduaud veswrunulszgziuegivumannavesdnnuilszy (Mvar) 13edu
[ 1 o -1 @
YouszUUMazanEUzNMTAonueIdunvlszy dnfudunudszyateluaail v
k4

yoams [Wihdaugiimaiivune 24 Mvar aeya Tnanuadau 3 g Anaussdu 22kv Tag

] = o v ¥ =
ﬁ111'|'5ﬂ1’ﬂﬂ'lﬂ'H_I']“lﬂl.'ﬂu‘]i“l]ﬂﬁﬂﬂlﬂnﬂiﬁﬂ"lﬂﬂ'lﬂﬂﬂﬂ'liﬂ 42102 4.3

(A%
Xe T | MVar 4.2

(22)°

2.4

201.67€2
1
X

C

1l

1
27x50x201.67

15.78 uF
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(3

5. @IAUNIUABAIAL (NGR)
#115u NGR #11%1un1sdiaeediniied ez ldanudruniuauia 12.7 lovy

Tag'ldworsandemanumienit Famsniainudiuniuves NGR aziilullaiy

quNT 4.4 (5]
Vg = I XRyar 44
22
fxlOOO = 1000 x R g
Ry = 127Q
e Vg Ao useau lihuavesszuudimine
L fn Wnanssualdihdasesasduiisnald
Rygr 0 AIAINAIUNIUUEI NGR

6. 1van (Load)

Tvaand I luszuvdmuie 22 kv ilumstiaesludnyuzveanily
ATUNTUADDYNTHAUANTMHTTENIIDUIAAAT (Delta) FITINAINITNIITUIHAVD
Power Factor @28 TagA1909A2 18 1umiuiua11umtoatingldsuntasmudnyas
Traana ) Tuszvusiihe i S lumswawzdullauaunsi 4.5 - 4.7

2
kv,

7 NI L AR
base MVA

1¢
7 (22/~/3)
base (8/3)

= 60480

B A\ GNP P 4.6

base

= 60.48x0.85
= 5141Q

S 4.7
= /60.482-51.412

= 31.8600
» X,
2x7x50
= 101.47 mH
* ﬁ1wuﬂ1ﬁf’h Power Factor HA NN 0.85

# fviua Inszuusmie i Tnansosas 80 #o1995 ALY 8 MW/1405
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1 a o 9/ g a  w o -
7. MWITIHADIANUATUNIUAUAIAAI9TAIAY (Ground Resistance)
1 a L4 9/ dw = a/ a d' o 9/ Y o
ANNITINIABTAINAIUNIUNUAIaAI995 AUz T 1dTeuld iy
F
Tilsunsu ATP-EMTP luaideil lavinwamsnagevilszasungmasiatsaaniriviwie
] ' ¥
aennadenlay Lazkano tazaniz [17] Tasszuuiiimasnaaeuiiuiailndifeanuusadu Tl
o 1 1 a -:ly a = =9~
voamietlouluszuudimiievesms lwihdiuginig uenvindigiienauazgilszmanil
Yo o v ] Y, A A % o
anuladmeaiulsmalnedie aranudumuiuiltnnranisilszass aruamldain

AT 4.8 uazimaanandlun1s1ai 4.3

- VL-ers X ‘\/5

Ry, —— 4.8

s

=) 9) g a o
e Ry Ao AnudmmunuAl (laviy)

= @ =] ' o
Ve ABUIIAUOISIONIBAIZHINX Y (T2ad)

i Ao nszuaesmuedlumeiinaeas wouuald)

ms

1 9 Il ¥ .
M39N 43 Anudumunuig ldoiniuis st adomed 1 Wi wieen [17]

fufin Aud UL R, , Toww)

YUTADUIIA 120357

ANTIBALLULIT 100847
NI YU 1296
AL 1098
AUAUNN 512
nwilen 450
ERLTRRIIAER 400
anfadauuuitant 370
ADUATALTI* 360
auilon 247
nanilen* 202
AounInitlon* 184
AuLaY 70

1
1A

Wuemg * fe Aiiun

o a d
1 umsiiaesdms gz
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= o
8. adad
Tagia llnudesTussiulihiianasenaiadiiauilugud eaintoglu
1 1 o A 1 o s
anzdatees wasinnszua Wi lvadudluguiiioegluaaiizilates dwmsy
a & o T 9 a ¢ a Ao o ]
ms laaddadluszuudmheilunsunudieaiadyiaiiinulasaunudional wu
o A=) o o a & d o v w o

wesnaInnes 3laTames weswsnadaduasiid dwmiudnuazmaiinuzilanes

g = 5 | o = 4 o
et = Ty tazillanesonaieh « 2> T, lumsiaesinsenszun i azdmua

sﬁumma“'mwmaﬁuﬁnm t=02-04s

o = ¢
4.3 annzinfvesszuuainmssiaesinsizyiszuumelsunsu ATP-EMTP
9/ cil. U 9 9/ o 1 = a1 9J o = 4
nnvayaina i luie 42 wzihmmaiimesan q llldlumsinedinzd
srunluTdsunsu ATP-EMTP 99z Id9vsmsdraesszundatansluglii 4.3 Taoil
sunduussdu i irdauaznazua Iiihi Inaru NGR Tuanmzlnddaaalugili 4.4-4.5

ANAIN

D
%
wridadie 115 1 la lan

- B
S T
souasliliidy § ToT

Sourght 15kV e
. .
ot

Capacitor Bank

) e
AIAIUNIUNTIA

31 4.3 2esmisdaesinszdazon i luTsunsy ATP-EMTP
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[kv]
18.75

12.50

6.25

0.00

-6.25

-12.50

|

-18.75

0.1 0.2 0.3 0.4 [s] 0.5

31 4.4 guaauus sdu Iihwesszunluannzlng

1.00
[A]

0.25

0.00

-0.256

-1.00
0.0 0.1 0.2 0.3 0.4 [s] 0.5
(file 5-2-52_5.pld; x-var t) c:Xx0002-

U 4.5 pladunszua b i Inaruuaaiaves NGR Tuanzilng
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a d
4.4 MINTIVADVANINGNABIVEIAIBNANAUTIRB ARSIV IUaID Y LAy

d
MWINUNDIVDITZU
TunmsAnpinazimsznisiiadaseesasduniuladuszuus vute 22 kv
voans ihdaugimmin s Ifszuuderiundontladdviimads 11522 kv 0in

o

a1l i Tl daszvudmiie Tasez lduuusiaesluTisunsulndiReesusyuuasann

{ @ 1 a - - a 9 °

e dmsumIasadeunugnAsIveen1BuALAUSIRUA 3SR 1T AU
ar a <& o [ - 1 1 9/ o o o A 9

nszua Iihdarsasasfunitana Taeiimsaalesiurasneauiisaaziiwai 1danns

o = = ar ! o :; 9 o a w a

Murmilseuisununavesanszue llihaaasn 1danmssiasenisiiadaieesasay

wiaaluTilsunsy ATP-EMTP

4.4.1 aumsnIFIumMsaIuIn
A a @ a & = » ' ”
amnansaaesasaunilava Ama A annsodnnamainszia IWihdanas

(Short Circuit Current) 1dnaunms 4.9

3E
A\ W AT, {
f 0% T L A4 o
A
110
Z, = RHX,
R, = Ryp*Ry,
Xy = XptXg,
Z; = RymxtRg
Z] 3 Rl+le
R] N\ RSJ . RTl N RLI
X, = XX, X
Taui
I, Ao nszudldiidanges
=) a o o  w — v i [ A a [
z, fe  aufiwaugdwuuInivesninuvanie Wi ldgaiinansdaees
=) a o o w 7 o o ~ a o
z, fp aufiwaugdwigudnuesninuraie i lfanaiinansdans
v, do s Tidhszrinmedminlatuduvaziegluannzilng
R, A9 anudunmudwuguiveandounlaslvih
X, A0 Suenuaudaiauguivesriieutlaslwih
A 9 o o I3 o ]
R, A8 ANuAUmMUSIAUgudvessyuusimie Wi
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= = do w o o '
X, fo Juenuauddriauguivesszuuimiielvih
Ry f0  AMUATUNIUYDYI NGR
R, fia  awnuduniuvesdumisiinamsdalsesasau
Ry, fio  Anwdwumiudwuuinvesuvasnie i
R, A9 anwdumudsuuinvessioulas i
R, Ao anudumudwuuinvesszuudimelih
= | oo o v
X, A9 Fuenuauddriauuinvemasite lwh
X, Ao Susnuaugaauuinvesvieulaslwih
& A do w o "
X, feo  Fuenuauddiavuinuesszuuimuie i

=

4.4.2 MIANMIUMIAINIZUTAIAIDT (Short Circuit Current Calculation)
dmiunsdianszun Iiihweams IWddugiinim v 14 sznmeseraril T
wdos Tandamasys Fatluaoil Iihszuy 11522 kv Tagezimssnaumainssua it
davsasauniluna Taolddoyavosanil liiwndes smualitia 115 kv dluumasdie
1 o 1 [} ~ 1 a ‘;’
pramsfnamainszua ihdasseemiluniddesdail
1) msfsnnammnseud ihdaiees nsdidesatiimiansaiuTaens
2) mafnumanszud IWiaa99s nididesatiiniaasauriu NGR
3) msAnamanszud Ilidadees nsdidesaiiimiansduriig NGR sagiian
ANUATUMTHUBIA UG A905
ad o 1] o o 1 9 ] =) a 9 A
A wlasiimniimosaneg eglugiu Base) weaiu Taelvgiuvesszuniian
1A 100 MVA (Base MVA) iz t53au Il 1u (Base kv) mi1iy 22 kv ansovia z,

€

uaganszua Mg (Base A) TR naumsi 4.10 uaz 4.1 muddy

(Base kV)2

Z, . (22kV) 410

(Base MVA)
(22)°

100
4.84 ohm
Base MVA
\/Ex Base kV

100

V3 x22

2.62432 kA

I

I, (22kV)



v
s =

uviaade (@il lvunden) ddoyaninis19i 4.4

a

M1 4.4 Joyaanil IWihundos [18]

et wifeulag R, X; R, %
(kV) (MVA) pu. pu. pu. pu.
115 50 0.01338 0.09619 0.05715 0.37175

9N R, =0.01338 pu. Az X, =0.09619 pu.

w1z, 18nn

Z iRt

J(0.01338)° +(0.09619)’

Il

0.097116 pu.

10 R,=0.05716 pu. Hag X,=0.37175 pu.

W z, 1dvn
= J(0.05716) +(0.37175)’
= 0376119 pu.

niteuadlWvhfga (115-22 kv, 50 MVA, Dyn 115-23.1 kV, %Z = 14.59 Base on 50 MVA)

Z(System Base) = 0‘1459){@])( 23_|J2
50 23

0.3217095 pu.
Tawil Full Load Loss = 129 kW anusama R 1a lag

3R = 129kW

50
et 2uis2 )

= 125kA

[ (50 MVA)

129,000
3x (1250)°
= 0.02752 ohm

0.02752
4.84

= 0.005685 pu.

R (System Base)
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X = ,‘22_R2

J(0.3217095)* - (0.00568595 )?

1

0.321659 pu.
. R, =R, = 0.005685 pu.

Co X, =X,=10.321659 pu.

NsalanI99saAUNTuNE Sequence Circuit 921NATIN Positive, Negative a2 Zero

Sequence WRBLLLBYNINAY AduaalugIT 4.6

Power Transformer

Fault

ZI\)

s

31/ 4.6 Sequence Circuit nydidadesuuunilavaasau fva 22 kv
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ar

s ow = &£ = 9
MINAIANITULVaIAUHTH e Ne 22 kV i]gulﬂ

3E
Z,+Z,+Z,
E
2Z. 4T,

fault =

3E
2R X Ry +X o HR Xy

_ 3(1)
(2(0.01 338+j0.09619+0.005685+]0.321 659)}

+0.005685+ j0.321659

3
0.043815+31.157357

2.590257 pu.

Il

= 2590257 x 2624.319 A
=/ 6,797.66-A

= o

¥
W1 NGR - au1a 12.7 Tevu idndaaelussunagim Idsufiuaudumzinanis
an9sasaunTluna (Short Circuit Impedance) t/aon 11/

wla Rygr (System Base) = % =2.62 pu.
4.8

annsathuulewily Sequence Circuit oA nzua lifidnieas 18dagilii 4.7

o

sazAummnszue IWihda99s 1aaai
1 3E
fault
7 22581757
3E
LT Zz‘"Z0 +3RNGR
E
22, ¥ 2, + 3B
3E
2(RS|+XS|+RTI+XT1)+RTO +XT0 +3RNGR
:
0.043815+ j1.157357+3(2.62)
3
- pu.
7.903815 +1.157357

= 0.375588 pu.

= 0.375588 x 2.624319 kA
= 0.985663 kA
= 985.66 A
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Power Transformer NGR

Source

Fault

1 ' 1 3
311 4.7 Sequence Circuit msan9vsiiunaasiu fia 22 kv ndadass NGR

3 =1 1 4 o a n!: o 1 s
Fusweuiniom NGR iihdedslFauluszuuzi i mveanseug i dalees

= na s a o = %
nﬂﬂ‘umu 1,000 wouls Lﬁﬂlﬂﬂﬂ]‘iﬂﬂ?ﬂﬂiﬂ@ﬂuﬂﬁﬂkﬂﬁ

%) L) =]
4.4.3 A0ENINIUANH
1 ¥
maumianszua lWihdaes maevulunssvesdniil i wvides
4 = P a A ] =1 ae 5
waene Tihatiadunuauliduitane sonant i widoelsznm 6 ATawasiu e

q‘ P a A L4 o [l o 1w 4
NUADNNLAUFVIEesEUL U uMsAm Tastimdauaadlumsiei 4.5

A1519% 4.5 MBNANAUTVBIEY PIC Y119 185 M5 1iaamaT [12]

FLULNN sufinaudueses (Tovy)
(" Tawas) R, % R, X,
1.0 0.210656 0.414406 0.409841 1.616029
6.0 1.263936 2.486436 2.459046 9.696174
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H g H o [ H v o & a
U 48 uamsiuiuazdmmianaeani ihanennguiasos il sl

a -& a
MR IANUMUMUNUH
Yoyai ldvnaniil ldduwrdes arnnsaidnuimuarsdni i naazanasd
a2 " 1
uinaiudnuunudugniidamiuluanizilen Fusnsidoyadenda 114 unsm
1 9 Af a A @ o @ W 3 ) At o Y
manudmuvesiuiInmdnhveandude Tasz1daanudumuiiinimmiaiald
nnadszmaluniand 4.3 Tasfisnnudiuniudszina 370 Tewu(Lazkano et al., 2000)
4 1 g - L - 1 o a
Fezldmmmudnmuiuinlugadinaniunmsdnoaaz ot Tisunsy ATP-EMTP
dondasmanuduniuvuia 370 Teu Widualesyila (pu.) e ldlumsdiuon

Ya oA o a J o A
12 18 euluaudvaiziiavioad (Fault Impedance) A4l

R, (System Base) = 370 — 7645 pu.
4.84



[

v ¥
Murnmmnszua Idihdaiesnszeznanieainaniil i wudes 6 A lawas lasaeil

I

fault

Il

3E
Z,+Z,+Z, +3Z,
3E
27, +Zy +3(Ryge +R;)

3E
2(‘RSI +)(.EH+RT1+)(TI_i.:RLI +XL])+RT0 +XT0
R+ X, +3(Rg +Ryr)

3(1)
2(0.01338+j0.09619+0.005685+j0.321659
+1.263936+)2.486436)+0.005685+ j0.321659

+2.459046+9.696174+3(76.45+2.62)

3
(2.566002+ j5.80857)+(2.464731+j10.017833)
+3(76.45+2.62)

3
5.030733+ j15.826403+3(79.07)
3
242240733 + j15.826403

0.012331737 pu.

0.012331737 x 2,624.319 A

3236 A

4.4.4 masaedinzrszuudlelsunsu ATP-EMTP

o = 'l = o = -é Y d’i o
118995 12HAITINAaa95asau T aane Tisunsy ATP-EMTP o1

anszua IWihdarnsnldainnissaesiimsienszuulullsunsu Tl eumeuiuaiila

o 4 1T a o = J J
VINMIATUIN INOATIIABUAIINNABIVBIA 1B U LAUGIRoIAsIv0IuMa 910 LAY

a o a{ é ] o a r's = s d”
wmiwesvesszuunileuluTilsunsy Faalanmsiaesingieissuusendunsdidesdeil

a = a/ ~ 1 Ya 3
1) MITA0IMTNARAINDT NI 11 IAAART NGR

2) N591809N1TINARAIIDT NTUAAAI NGR

¥
3) MITIABINIINATAIDT ﬂifﬁﬂﬂﬂﬂ NGR u,mzummmﬁ’mwmmmﬁ'umuqﬁ’maiﬁ

Tavldssmsiaedinneziszun Iihdwanslugdii 4.3 nazldnanisiiaes

syuuawaaslugln49-4.11
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10.0

[KA] ﬂnﬂﬂ

7.5

5.0

0.0

-7.5

RESAN

0.0 041 0.2 0.3 0.4 [s] 3.5
(file 5-2-52_5.pM4; x-var t) c: -NGR

-10.0

Ui 4.9 ladunszualwihdaesasaunilana ildainmsiassszuy

~ 9 = a s a
yoaan il Wiwndon nsdideratimsansaulaensa

1500
[A] | ﬂ ﬂ

1000

500

-500

-1000

-1500
0.1 0.2 0.3 04 s] 05

0.0
(file 5-2-562_5.pM; x-vart) c:  -NGR

31N 4.10 gndunszua I dhdnsaesasdunilaain lnaru NGR vosamil Ifwundon

n3diAegAtiIniaasdurL NGR i lasinmsdiaessziy
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25.0

125

0.0

-12.5

-25.0

375 i y H

-50.0

0.0 01 0.2 0.3 0.4 [s] 0.5
(file 5-2-52 6 _PIC.pH; x-vart) ¢ -NGR

Ui 4.11 guadunszua lddhdaasesasdunilanai nasim NGR vesaoil i wndes

nstABYALIMI aasAuF T NGR sagiiammidumuvesd umisdaes i ldnnmssiaeszuy

maan 4.6 aSeumsuamnszua lddarsesasdunitiade vosaori Iinden

]
=

AldnnmasmanaziaoaszuuaieTilsunsy ATP-EMTP

aoil Iihwndes druszundmie 22 kv

% nszua Ilihanaens,, (euls)
n3dl :
Ao T1l51tn51 ATP-EMTP
nidineyAtInIanau laons g 6,797.66 6.805.90
nNItifayAliIMInasauFIU NGR 985.66 972.98
NINADYALINTAIAUHIU NGR Laziin
) o 32.36 29.38
ATUATUNTUUBIR WHUIAR DS

= A o a =t Ay o _Hy v
MNA15197 4.6 ek imsnlTeuifieuaiii 1dvnnissuiuuazai ldaninnis
$raesdinazvizunTasldTsunsy ATP-EMTP wudiialndiReeiu agilldheufivaud
= = o o 1 = o o g ¥ °
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Shest
Lab, 2 Transformer Test Results 4750
Transformer: 30 /40/50 MVA 3 Phase 50 Hz 115000 - 23100 V
Serial No. : 4810946
Control No. : 48-6181-01
Description Test result Guarantee Tolerance
Base on (MVA) 30 40 50 30 40 50 -
1. Exciting current (A) - - 0.855 - - 0.580 +30%
(%) . - 0.052 - - -
2. No - load loss (kW) | 22427 | 22427 | 22427/ - - 23.000 -
3. Loadloss  75°C, rated tap (kW) | 46.417 82.519 128.938/ - - 133.000 -
4. Power consumtion (kW) - 0.632 1.267 - 1.000 2.000 -
5. Total loss (kW) | 68.844 | 105.578 | 152.632 - - - -
6. Imp. Voltage 75 °C, rated tap (%) 8.76 11.67 1459 | 8.50-9.50 - - -
7. Temperature rise test
Cooling type ONAN | ONAF1 | ONAF2 | ONAN ONAF1 | ONAF2
HV winding temperature rise (°C) 46.3 427 50.1 55.0 55.0 55.0 “
LV winding temperature rise (°C) 46.0 430 52.7 55.0 55.0 55.0 -
Qil temperature rise (°C) 4586 40,6 46.8 50.0 50.0 50.0 -
8. Audible Sound level (dBy | 597 62.7 65.1 <77.0 <77.0 <77.0 N

The above results are valid exclusively for test samples as mention in this report
Publicity of the test reports except in full is prohibited unless written permission Is obtained from the governar of TIRA THAI laboratory.
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Packing List of Local Part
For 22 kV, 3x2.4 Mvar Automatic Switching Capacitor Bank
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Shipper . ABB LIMITE[ﬁ. Power Product Division
ltem Description Total Qty of DIM/ Case Weight/ Case
No. Qty of units |  Case LxWxH (cm.) (kgs.)
1 Capacitor Unit 2GUA, 12.7kV, 200kvar, 50Hz, 1Ph 36 3 120x100x95 420
2 Vacuum Circuit Breaker VD4, 24kV, 630A, 125kV BIL 3 3
3 Current Limiting Reactor SA24, 22kV, 100uF, 150A, 50Hz, 1Ph ] 1 120x80x55
4 Unbalance Current Transformer CB120, 24kV, 10/5, 16VA, CL1 3
[ 5 Fuse Link, CXP and K type, 16.6kV, 15A 36 1 15
6 Surge Arrester MWD17 9
[ Central Control Cabinet c/w relay and control wiring 1 1 76x100x110 120
B Insulator TR 208 9 1 100x100x60 138
9 Main Copper Busbar (No. 12, 13, 14) 3 1 10x10x450 70
10 Accessories BOX 1 100x100x100 250
1|Copper Bus Bar Comprises of
1.1|Copper Adapter for Fuse Rail (No.15) 18
2.1|Copper Ground Busbar {No.16) 2
3.1|Copper Adapter for Surge Arrester (No.17) 8
4.1|Copper Adapter for Reactor Pad (No.18) 18
5.1{Copper Adapter for incoming (No.33) 3
2(Insulator For Indoor 24 kV 12
3|Copper conductor Comprises of
3.1|THW 150 SQ.MM. 27 m.
3.2(THW 50 SQ.MM. 27 m.
3.3|THW 70 SQ.MM. (Green) 22 m.
3.4 (Flexible wire greenfyellow VCT 2.5 mm2 8m.
3.5|Control Cable 3C-2.5 SQ.MM. CVV-8 20m.
3.6|Control Cable 16C-2.5 SQ.MM. CVV-8 29 m.
3.7|Flexible Ground Wire 25 CM Length 4
( for VCB windows and main doar )
4|Terminal Lug
4.1|150-12, 1 hele fiat 45
4.2|150-12, 1 hole 80 (L} 9
43| 50-12, 1 hole flat 15
4.4| 50-10, 1 hole flat 38
4.5 70-12 , 1 hole flat for ground B
4.6/CL70-12, 1 hole for ground 1
4.7/CL70-8, 1 hole for ground 1
4.8/RF 2-8 . Insulated terminal ring type 15
4.9/RF 2-6 : Insulated terminal ring type 15
4.10|CE 2.5-8 : Cord -end terminal 140
5|Fixing Bolt & Nut
51|B01  EG  M12x35(B,TLW) 14
5.2|B02 S8 M12x30 (B,SW,FW) 20
5.3|B03 EG M10x20 (B,SW,FW) 14
5.4|B04 SS M12x35 (B,SW,2FW,N) "
5.5|B05 EG M12x30 (B,SW.2FW,N) 14
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DIGITAL MICRO-OHMMETER #¥® MEGABRAS ‘g i MPK-2000e

e
GLIEEGIE

* Microprocessor controlled

= 0,1 u.Q resolution

» (,10% basic accuracy

« Kelvin-type (4-wires) measurement

= 4 % digits reading

* Alphanumerical display

* Rechargeable battery

* Resistance reading up to 200 Q

* RS-232 data output

* Offset free reading

» [P-54 protection




Power Meter Hanfam FLUKE §u 41B

AMENUA

* True-rms current from 1A to 500A (1000A with optional probe)

» Total harmonic distortion (% THDF and %THDR)

* Active power from 10W to 300 kW (600 kW with optional probe)

» Total power factor (PF)

* K-factor

» Displacement power factor (DPF)

* Frequency from 6 Hz-99.9 Hz (fundamental)

» Harmonics to 31st

* Waveform and spectrum displays

= True - RMS voltage from 5.0V to 600V

« Peak, DC, and Crest Factor

* Phase angle of fundamental and harmonics

¢ Record mode - MIN, MAX and AVG

* Apparent power (kVA)
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Temperature

measurement

Calibrated temperature range

=20 °C to 600 °C in 3 ranges

Range 1 =-20°C to 100 °C

Range 2 =-20°C to 350 °C

Range 3 =250 °C to 600 °C

Optional - High temperature

Up to 1200 °C

Range 4 = 500 °C to 1200 °C

Accuracy

+2 °C or 2%

Measurement modes

Centerpoinf, center box (area min/max,
average), Defined field/text annotations,
isotherms, Automatic hot and cold point
detection, visible color alarm above and

below

Emissivity correction

0.1 to 1.0 (0.01 increments)

Environmental and

mechanical design

Operating temperature

-10 °C to +50 °C

Storage temperature

-40 °C to +70 °C

Water and dust resistant

IP54
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Provincial Electrical Authority (PEA)
Navanakon 1 Substation

Neutral Grounding Resister

Thermal Viewer
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Prepared for:

Buarian Chalee's Master Thesis
Kingmongkut's Intitute of Technology Ladkrabang
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8/13/2008 8:48:46 PM
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Fahrenheit
Histogram
Image Info
Emissivity 0.95
Background 80.6 °F
Average Temperature 90.6 °F
Calibration Range -4.0 °F to 662.0 °F
Camera Model Ti45FT

File Location D:\Thermal Imager\IR20080813_0208.is2
Image Range 89.4 °F 10 92.3 °F

Image Time 8/13/2008 8:48:46 PM

Lens Description 20mm/F0.8

Lens Serial # 40948-6536

Manufacturer Fluke

OCA Version 3.0.6.12

DSP Version 4.7.0.0

Camera Serial Number

Ti45FT-0710132




Markers

Label Average | Minimum | Maximum | Emissivity |Background| Std. Dev.
Center Box| 90.8 °F 89.9 °F 92.0 °F 0.95 80.6 °F 0.250
Label | Temperature| Emissivity | Background
Center Point, 91.0°F | 0.95 80.6 °F
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Physical Science and Technology

EMTP MODEL FOR ANALYSIS OF NEUTRAL
GROUNDING RESISTER FAILURES

P-054

Buarian Chalee '* Norasege Pathanadej’ Mothon
Leelachindakaileak’

1. Director of Substation and Transmission Line Project Office,
Provincial Electricity Authority, Bangkok, 10900, Thailand

2. Department of Electrical Engineering, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang,
Ladkrabang, Bangkok, 10520, Thailand

This paper presents the study of neutral grounding resister failures dued to
the single line to ground faults. Neutral grounding resister is installed in the secondary
of power transformer of Provincial Electricity Authority’s substation 115-22 kV
system. The results of field survey and simulation with ATP/EMTP program show
that the over voltage of the other phase with are not subjected and high fault current
flow in neutral grounding resister. Consequently the neutral grounding resister
failures. The practical solutions with is introduced to solve this problem are the
suitable co-ordination of protective device, or selecting the corrective equipment for
avoidance of single line to ground faults.

Keywords:
Neutral Grounding Resister/ Single Line To Ground Fault/ Power Transformer/
ATP/EMTP

9" National Grad Research Conference
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2. Department of Electrical Engineering, Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang,
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Analysis of Neutral Grounding Resister Failures in PEA Substation
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Abstract

This paper presents the study of neutral grounding resister
(NGR) failures in Provincial Electricity Authority’s substation (PEA).
The results obtained from the field survey and simulation with
ATP/EMTP program show that, the single line to ground fault causes
the existence of over voltage and high fault current absorbed by NGR, if
the overvoltage is higher than the rate of maximum continuous
operating of such NGR, it may be failure. The proposed practically
solution is the arrangement of co-ordination of protective devices, with
the corrective equipment to reduce single line to ground faults occurring

in power system.

Keywords: neutral grounding resister, single line to ground fault,

ATP/EMTP Program
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