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Ground Fault Protection
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#1500

Ground Fault Protection

1. Ground Fault ﬁaaﬂi

I

%AVDY Ground Fault
AMNLFLWI8NLAADIN Ground Fault

n15ilasnw Ground Fault

e 9

N15§35227@A Ground Fault

o

6. Ground Fault Coordination
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#1500

Ground Fault Protection (@ia )

7. @1 Setting N1 W11

8. qﬂn‘stﬂfﬁ’m%ﬂ Ground Fault Protection

9. Ground Fault Protection Application

10. Ground Fault Protection &1#SULAAIINLLAL

11. Ground Fault Protection §1ASU%BA18LARIING

12. Ground Fault Protection §1%31 Single Point Earthing

13. Ground Fault Protection §1%31 2 Earthing Points
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#1500

Ground Fault Protection (@ia )

14.
15.
16.

17.

18.
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Modified Differential GFP
GFP il CB w3a ATS niia 4 Poles
@28819 Ground Fault Protection on Mains only

@28¢19 Ground Fault Protection On Main And Feeders

Single Line L&AIR LAWY LALIDN1INIIVIN GFP

< L
uel. Uszdns Anaweink 4




1. Ground Fault ﬁaa:ls

N139A2993 %30 Fault Neaiiany
szuvlWfusedwani
Aaasanlaanse ( Solidly Grounded LV System )
araudain 2 Usziande
a. Phase Faults
- Phase to Phase Faults
- 3 Phase Fault
b. Ground Faults

- Phase to Ground Faults

- Phase to Phase to Ground Faults

22/03/2011 e, UszAnd Anowand

Faults ‘ﬁlﬁﬂ‘].iail‘ﬁ.qm
dwsuszuuldituseduend
foaaInwlagave ( Solidly Grounded LV System )
Ad N13aN2993A% Ground Fault
WU Phase 1a Phase witsnsfin
Phase A to Ground
Phase B to Ground
Phase C to Ground
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- / A-G / B-G / C-G

a ~ ‘:l " a
mﬂmumafamnmaamu

NN98A993VDIF18 Phase 6119 )adan
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2. WAVDY Ground Fault

Ground Fault §UU1AAILA NILUFDE )

INDY NINNINNILHAIAIIINUY 3 Phase Fault

Ground Fault a19uiisili

- Bolted Fault
- Arcing Fault
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Bolted Fault

Ground Fault 19ALNA Fault AAun®

- Fault Impedance enlalilaawuazinaios

- Fault Current @1g9

- Ground Fault UULI% d2wa1N S9a113A0323A
waz tlasnwlag Phase O/C Device
A2 CB 5533A1

22/03/2011 e, UszAnd Anowand 9

Arcing Fault

- 9ANLAA Fault AaNwlNERNIILNA Arc
- Arc & Impedance U3n104#ib9
- Fault Energy JU3anasann
[ qu @) 1 o
- @I Arcing Fault axm%mu‘lumimmﬂqﬂmni
a i a1 v (1] a
- #%29310 Arcing G.F. 819ilaas wazlinatias
A9k CB 53INA BIIAAI8 A1 RMS
29 lalga1306032970 wazilasnun13an99 UL
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3. ANLAYKIYNLNADIN Ground Fault

- aagnN1Im U TN Hed

Single Line Diagram ¢34/

@)
- Main Protection 21911

FUSE %382 CB

ANA 1600 A

< o
22/03/2011 wel. Uszdnd Anewand 11
1000 T |
RCUIT BREAKER
L — 33332 ﬁug TYPICAL SYSTEM
[SMIN_ 1 i -—— \_._l_._,mon
Fuse) | = $ Kva
i " r_' a
" = o0z
o : s : o ¥
! K
' 1 16004 ) ' sENSOR
7Y ey 2
{CIRCUIT  ,* 1600 A
@ BREAKER) | (ALTERNATE)
: 9
i
= 10 i I‘g Tl
g i ' “ ARCING FAULT
B ' : f (2000 - 10 D00 A)
. iz 1600 A FUSE (CLASS L)
: ¥ {- 1600 A CIRCUIT BREAKER
i ~ SHORT TIME
' i 0.4 5 AT 8000 A
10 ! |
! ,
! 1
\ ! i
L L}
o2s e =)
GROUND |
RELAY ' .
1 : U GROUND RELAY
.1 1 =T CURVEC, 0.28
: : H Y‘l SET AT 400 A, PU
H
400 1500 4000 8000 20 000 100 000
FAULT CURRENT IN AMPERES
Time-current Plot showing slow protection provided by phase
devices for low-magnitude arcing ground faults
< &
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1NA Arcing G.F. 2R

Point 1 G.F. 1500 A

CB, Fuse l3ican2923 )
22/03/2011 e, UszAnd Anowand 13
Point 2 G.F. 4000 A
Ground Relay t=025s
CB t=233s, Fuse t = 5min
= 300s
Point 3 G.F. 8000 A
Ground Relay t =025s
CB t=04s, Fuse t =10s
22/03/2011 e, UszAnd Anowand 14




(VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
v [SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

Arc Energy

Arc Voltage Drop = 70-140V
Assume vV, = 100V
= FLATTOP
Vd x IGF x t
Arc Energy S A TITTE 30
= kWs

22/03/2011 e, UszAnd Anowand 15

Arc Enerqgy

Arc Fault Damage Limit

= 30 kWs - 167 kWs
(1500 kW cycle — 8333 kW cycle )

1Cycle=1/50s
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Arcing Damage

£ a I's
Wel. se8nd Anawmn
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POINT FAULT DEVICES

CLEARING TIME ARC ENERGY

(A)
1 1500
2 4000
3 8000
4 20000

22/03/2011

RELAY

cB

FUSE
RELAY
CcB
FUSE
RELAY
cB
FUSE
RELAY
cB
FUSE

( Sec) (kWs)
0.33 50
©0 ©0
©0 ©0
0.25 100
33 13,200
300 120,000
0.25 200
0.40 320
10 8,000
0.25 500
0.20 400
0.10 20

£ a '3
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Tidatnaan

1)

2)

22/03/2011

nszud GF a8 1,500 A, CB, Fuse azlaidin2997

o ¥ A a A? a 1A o
‘Yl'lsl‘Vi Arc Energy mnmm%&ﬂsmmgamn LLAasIENI!ANy

6 1 A 1A &
adlnsaleng fiaduiaminn
Ground Relay rIMsan9asneln 0.33 s
o Y v 1 ® o
11N1%4 Arc Energy wag uazlaiilwawasng

n3zua GF 4,000 A, CB, Fuse G@R2995%1

o ¥ A a A‘y a 1A o
‘Yl'lsl‘Vi Arc Energy mnﬂmuuﬂsmmgamn LAasIENIANY

6 1 a 1 a &
q‘ﬂnsmma c]‘nagmnmu%
Ground Relay nIMsan99sneln 0.25s

o Y v 1 ® o
1N1AA Arc Energy #ag uazlaiiludawasig
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3) n3zud GF §98,000 A, CB vionlaiss

o a [
#1l% Arc Energy A1Sunmsiesianiiay

&7 Fuse 89711971121 Waz & Arc Energy 810

o % 1 [~
Ground Relay 3£N1N13AAIITALNIIIALIN

[ 1 & [
1194 Arc Energy wag uazlaiiludwasng

4) n3zud GF geynn 20,000 A, CB, Fuse Laz

3 o 1 [~
Ground Relay 3¢N1N17AAIITDLYIIIIALID

¥

a a ¥

#1119 Arc Energy NitNaauidSanmiay

1 @ %)
nazlaiilwawase
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4. n131l99N% Ground Fault
NfVOLIAUFIMSY GFP
1) NEC 230-95

- Smsuszuulsesn

600V, | = 1000A

Setting Maximum 1200 A

Maximum Time Delay

3000A , t=1s
2) &I’l(ilig’l%ﬂ’liaﬂ(;;:\‘lﬂ’l\‘llﬂﬁ’l 1l 2545 ( a1iUFULl39 2551 )
8 3.5.2 13astlasunszuaAnuS Ao

uSnmdses1w 1 21000 A

@09l GFP

22/03/2011 e, UszAnd Anowand 21

n13ilasnu Ground Fault
219ULIANANN IVBINTT Setting ATt

1. RCD ( Residual Current Device )

- anuly 30 mA Txilasnwan mnl%l@m
- @axly 300 mA 1%'§]aaﬁuan1%ﬁﬁ%aqﬂnmﬁmnlﬂmff

- anyly 30A 1§ﬂaaﬁuanﬁuﬁﬁ%aqﬂnifﬁ

2. GFP ( Ground Fault Protection )

- aala 100 -1200 A
& "lii’ti']aaﬁ'uamuﬁﬁ%qﬂmni

91N Arcing Ground Fault

22/03/2011 e, UszAnd Anowand 22




5. N13M3292@ Ground Fault

N13M5293AN156NA Ground Fault

langues Kirchhoff @s

2 |

5 395 as

0

- Residual Sensing ( RS)
- Source Ground Return ( SGR)
- Zero Sequence (ZS)

22/03/2011 e, UszAnd Anowand
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i

%

D CS DO P

o

Residual Sensing

22/03/2011 e, UszAnd Anowand

L1

L2

L3

PE

24
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Residual Sensing ( RS )

22/03/2011

n3ziad N CT “ﬂm‘ﬁdﬁ’l&l Phases 323LLUL Phasor
dlwlp , la+lb+lc =1Ip

winszud lp adIgungununszugann CT
Yadd18 Neutral In

waned szuuiuilng

v
a1 Ilp = 1In

A Ip # In  ud@nen 1ia GF HadsAa nszud Ig
a Ilg > Setting , W&AIILNA Ground Fault 31nNa
CB 2:AA99TANLIANAILT
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» ] | ¥
S B
PE
Source Ground Return ( SGR )
uei. UseAnd Answes 26
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Source Ground Return ( SGR)

- @18 Ground ( PE ) 9z6a1219a Neutral (N )
- 1 ZCT Anm9 58%119818 PE Uazaa N
1 Y o 1 c!l dl 1 v

- @18 Ground vzgaTNUdINlanzilAIaWaRN

ql 1 o

Alainanszua
- \fiatiin Ground Fault, Ig 9zlwanauldaa N
- 21 Ig > Setting uamIILia Ground Fault AN

> A e
CB AA9930NIANAI 1)

22/03/2011 e, UszAnd Anowand 27

=25 |~ 2
ek %/ L‘°’

>4 /

PE

Zero Sequence ( ZS)

22/03/2011 e, UszAnd Anowand 28
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Zero Sequence (ZS)

22/03/2011

- § ZCT aa¥ Phases Nid@aN3aaa1s Neutral ( 213 )

[=f a e?: a U (-9
- 2UUBUNA NIZUANIRNADLHNRINWKRNA

N19A1% Secondary 289 ZCT lalfinszua

latia GF, 1N19A1% Secondary 289 ZCT

= =)
azdinszualnada Ig

1o Ig > Setting , udmIILAA Ground Fault ¥1NND

% S o v
CB 3¢ARA1ITANNLIAINEAG LI
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6. GFP Coordination

22/03/2011

- AANIAIPIN DAY IEN
ABRALRN GFP 7 Main tiailasnwinlna
1 K Aa é’ A . v
- L6 Insulation Faults LNAY¥WN Main ®aain
1 =) lgl l=. -~
fAIBNINILLNAVWN Feeders 1338 Branches

BRRIZ ORI,
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(% (VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
[SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

22/03/2011

Q 09: d.d = 1 [+ >
AU TTUUNG AN GFP nangannaawnInnt
Lﬁasli;i' GFP ﬁiﬂﬁ@ﬂﬁtﬁﬂ Fault ( Downstream )
N9 nNawdIn GFP Noa L1 ( Upstream )

o v q' [~
N1 N 11w Back up
nsnInilseawnuuad GFP

1380271 GFP Coordination ( Discrimination )
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~— -| Up-
stream
GFP
—_— -
i down-

X
\ ~— { stream

; GFP
—

22/03/2011
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(VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
v [SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

Discrimination between GFP Devices

1o Current Sensing LLag

Time Graded Type.

1) Current Sensing Discrimination

- Upstream GFP Aa94 Threshold Setting
gdﬂ'i’l Downstream GFP

- avnwilszum 30 %

22/03/2011 e, UszAnd Anowand 33

2) Time Graded Discrimination

- Time delay 2839 Upstream GFP
ABININNI1 Opening Time 29
Downstream GFP
Taevialy Taignnin 100 ms

- @A NEC 239 -95

Setting giga 1200 A

Ground Fault 3000 A, 1s

22/03/2011 e, UszAnd Anowand 34
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downstream downstream
TAGrP2  GFPH

|
4-30%» N

|
|
|
: step 2
I [
I i step 1
| | |
I I I >
| down- 1 up- 1200 A 3000 A
stream  stream
22/03/2011 uei. UseAnd Angwes

7. A Setting N WHTUD

1. Main And Bus Tie
- 400-1200 A
- Time To Coordinate With
Feeder GFP (0.1-1.0s)

2. Feeders
- 200-800 A
- Time To Coordinate With
Branch GFP (0.1-0.5s)

22/03/2011 e, UszAnd Anowand
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(VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
v [SYRVEVEVEVEVEVEVEVEVEVEVEVEY)
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3. Branch Circuits

- 30 mA - 300 mA

- Instantaneous (0.02-0.03s)

22/03/2011 e, UszAnd Anowand 37

8. qﬂnsnﬁﬁ’l%%ﬂ Ground Fault Protection

- L@991n GF 11l Fault ﬁv'i'\m'lmﬁﬂmﬂmnﬁzgﬂ
a 6’: & v o o (%)

uaz AAsgIRNIIRAAINLIALTRAasRd I
szuuilszs1nadne 1000 A Jwlil

- U3ENLWEA CB nnu’%ﬁﬂm@’fﬁ'l CB
= @ % ' & )
Fog1us0 v GFP la u@aziilu Option
Aeansiiihgeanuuuazaasiviualyg

- CB 3 GFP @a ACB, MCCB

22/03/2011 e, UszAnd Anowand 38
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(% (VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
[SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

Air Circuit Breaker ( ACB)

- AcB Baiilu cB awralna) 800 A - 6300 A
1#1129n% 2995 Main , Feeders damannaziiluwuuy 3 Pole
uazdl Trip Unit tilwwuy P Based
@95 Option §W3U GFP wuw RS, SGR
uaaaslzginsaliaiafe
External Transformer ( CT) &1%3U Neutral %38 Ground

- GFP 2z4din13 Setting 2 LUUAD
Ground Fault Current (Ig) (0.1-1.0)In welaith 1200 A

Time Delay 0.1-1.00s
22/03/2011 uet. Useqnd Anowask 39
Residual Sensing (RS )
INJ sefl) [E2 [l
e S R
élél i |
: Micrologic
I S TR S N ‘F ,,,,,,,, U
et RSN ! Egg{ﬁﬁﬁﬁié
External Y gg;
Transformer | X1
(CT) /
X7
H1
GND
22/03/2011 uet. UseAnd Anowask 40
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Source Ground Return ( SGR)

8
9

-]
vz c
-
€z =
B— %) A
74 = 0
1z 3 EE
== 2 p
o—m— § Se
€A $ b

12 5 6 7

H2 X2
- PE

41

ANIRRI

a

=
wel. lsz8nd
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Zero Sequence CT ( ZCT)

Neutral CT ( NCT)

42

AN

a

=
wel. sz8nd
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protection

A >

earth falit (Im)

pick-up [Ih) ST time dela

earth fault | instantgneous
v inlav (thi oick-un! {1}

0 Ir Im I I

NNULEAINI3N19T% VB9 CB LU Electronic trip unit
22/03/2011 uei. UseAnd Angwes 43

Tripping Curve CB |UP Based Electronic Trip Unit

- Phase Overcurrent Tripping Curve

- Earth Overcurrent Tripping Curve

1) Phase Overcurrent Tripping Curve

- Long Time Setting

- Long Time Delay

- Short Time Pick - up
- Short Time Delay

- Instantaneous Pick - up

22/03/2011 e, UszAnd Anowand 44
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Tripping Curve CB |UP Based Electronic Trip Unit

- Phase Overcurrent Tripping Curve

- Earth Overcurrent Tripping Curve

2) Earth Overcurrent Tripping Curve

- Earth Fault Pick - up
- Earth Fault Time Delay

22/03/2011 e, UszAnd Anowand

45

Molded Case Circuit Breaker ( MCCB )
- MCCB 391ilu CB au@nas 400 A — 1600 A

121199299 Main su1AL&n , Feeders
damanazi iy 3 Pole wazdl Trip Unit sdwuuy
P Based @44l Option §1%5U GFP uuw RS
uanasalnsaiiaiafe
External Transformer ( CT) &3 Neutral
- GFP 2z4n13 Setting 2 WUUAB
Ground Fault Current (Ig) (0.1-1.0)In welaitiw 400 A
Time Delay 01-05s

22/03/2011 e, UszAnd Anowand
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9. GFP Applications

a Q;: v U v v
n3fiaae GFP Tignassuazlzowla
U
ﬁuagnm:nﬂﬂﬁﬁ

- szuuldin urasI8LAE2 One Source

- STUUKANYLKAAYINY Multisources

22/03/2011 e, UszAnd Anowand 47

szuu N uasa1gL@e? One Source

- Transformer 1 an

- Generator 1 1AS09

szuv W na18urasateg Multisources

4': 1 1 1
‘lu‘n%azﬂmfamww 2 LLKA9d1 8
- Transformer 2 an

- Transformer + Generator

22/03/2011 e, UszAnd Anowand 48
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(VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
v [SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

10. szuu A uBaIR LR

- m31lasi Ground Fault §wisussuuityinlg
adslaifitfgw msasdailasdegnass
GRYGRRT

Single Phase Load , Harmonic
Fault Conditions

- 2191735
Residual Sensing ( RS )
Source Ground Return ( SGR)

22/03/2011 e, UszAnd Anowand
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Residual Sensing ( RS )

P2|s2

iH

22/03/2011 e, UszAnd Anowand
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(% (VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
[SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

Source Ground Return ( SGR)

S
iRololol

o=}

A J

A J

22/03/2011
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22/03/2011

szuu i urasaaLfen

J¥UY,TN-S

Phase A ,B,C
Neutral N
Ground PE

I ¥
ITUUN 5 L

" v
@18 N 1az PE @addnwiltagtn1hi

] v
Ao uSAszo1% 6 MDB 1inikw
GFP LUy RS

< L
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(% (VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
[SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

1) Normal Condition

Single Phase Load , Harmonics

gnszualnaluaiy N
- GFP uuu RS
ANITATIVIALBNIEN @18 A, B, C uaz N
- szuwilniln@
4' %) [V V) 6
manszummnuv[mmnnguﬂ

Lo+ I+ Ig+ 1, =0

22/03/2011 e, UszAnd Anowand

53

2) Fault Conditions

- 15ia1fim Ground Fault g
nyzud Ig azlvakiwans PE
- 32UU RS a0 iala
ik Ilg > Setting

GFP 289 CB 14 Trip @aanas 1Y

09: = (%) v v v
9 2 NIt 3¢UU GFP Gli']ﬁ]')ﬂ\lﬂgﬂ(ﬂﬁ)\‘] Gl‘Zqi)lﬂ OK

22/03/2011 e, UszAnd Anowand
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(% (VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
[SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

11. szuu A matsunas g

- aznannanzszuu Wi g 2 unassne
- mMIfaafwla 2 wuuda

1) Single Point Earthing

2) Two Points Earthing

1 a = 1 1
- NIGAIABANNADYNININADIZUY GFP

22/03/2011 e, UszAnd Anowand 55

12. Ground Fault Protection

&13Y Single Point Earthing

- STUUNNIIADRIAK Lﬁﬂagmﬁm

- SuiNgs 1 Path &wsunszudlnanaulilds Source
1) nvzud Neutral W% N

2) nszud Fault W% PE

22/03/2011 e, UszAnd Anowand 56
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I vyl Yoy
PE| U1 load U1 load U1 load PE U1 load U1 load U1 load PE
< + -
AoRAIAY
) 9 )
AU AINNAN ATUUIN
22/03/2011 e, UszAnd Anowand 57
GFP Single Point Earthing
ABRIARNATINATY FTULUUUN 1
S1 S2
Q1 qt a3 a2 Q2
-
a3
511'_*52_‘/@_‘51
p—'p2 P2 —"p1
. [l 8177, - B 5 g
REARAE k¥ ¥y,
L._U.1_.I_' L._U.Z_.I_'
e::th
22/03/2011 e, UszAnd Anowand 58
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(% (VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
[SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

S1 S2

Q1 ql q3 q2 Q2
S seRE
Q3
I
51»—-4 S2 1fs:.;r_“ S1[a2

p~—"p2 P2~—"p1
L’ s— (- L ol .
\ \ | s \7 A 4 |
et g
-
earth
22/03/2011 e, UszAnd Anowand 59

- @19 A1 (30 A2) L1iln
a) PE &1%3U Normal Operation
b) PENl# R1 (%32 R2) Operation
c) N %30 R2 (‘w%a R1 ) Operation
- 4CT2%a
- A% Secondary 224 CT
< ] [ % o
27 S, ABLINAILNK

< 1 [V o
U S2 ALY NW

22/03/2011 e, UszAnd Anowand 60
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(% (VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
[SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

Normal Operation

- GFP 1iluuuy SGR

1) Single Phase Load , Harmonic

anszualnaluaiy N
- Tainszualvann PE, A1 w5a A2

~ szuu GFP 1#la OK.

22/03/2011 e, UszAnd Anowand
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2) R2 Replacement Operation

-Qtuaz@3tda Q2ia lalWe1n Source S1
- Link A1, A2 1ilw PEN &%y U2
- n32ud Neutral %8s Primary 229 CT

19 2 6 §95U Load U2

LAN1Y Secondary CT 2WNANNHHAA

=~ laisinszuaidn SGR1

%) v v
32U GFP dalagnaas

22/03/2011 e, UszAnd Anowand

62

31



3) Fault Condition

- N3z Fault 1han1w CT
- GFP uu1 SGR 219 1ulazds CB

W Trip melwarnaaly

22/03/2011 e, UszAnd Anowand
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GFP Single Point Earthing

ADRIAWBNATINAT FLUUVUULN 2
S1

S2

|

|.;
Q2

=9

-.ﬂ
w

l.ﬂ
N

R

N

,Q3
l/
I
: Wl _
 J \J @ Y.
| |

gea’;th .
22/03/2011 Wel. se8nd Anawe
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S1 s2
Q1 q1l q3 q2 Q2
-
Q3
{_—
s1 sS2 S2

o
)|
4
2
?
N

N

-
earth
o 1:;' Ql/ v
11 Bar Neutral LW3INY 2 At
22/03/2011 uei. UseAnd Angwes 65
P
FTUULLUUN 2
° a . [
- 11 Neutral mu‘lmmax Source
[~ 'V
- GFP tiuuy RS wann
- & Neutral CT wgnn
22/03/2011 uei. UseAnd Answes 66
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(% (VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
[SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

1) Normal Condition

Single Phase Load , Harmonic
- Lﬁ:mmﬂ Neutral 4§ One Path
feznauluss Source
~. GFP1 (or GFP2)
21191 an Single Source System

32111 GFP m’m";’mlﬁgnﬁad OK

22/03/2011 e, UszAnd Anowand
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2) 1w R1 (%58 R2 ) Operation

- QluazQ3ia, @2ila 1xlna1n Source S1

- n3zud N d 2 38 @910 U1 uaz U2

¥
n3cd N N9 Secondary 789 CT NId@aIazIINN®

Note

Y t% 1 -y t%
Polarity 229 CT G]El\‘l@li]slﬂgﬂ(ﬂﬂ\‘]

22/03/2011 e, UszAnd Anowand
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(% (VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
[SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

3) Fault Condition

- \fiatAn Insulation Fault n1s@1% Source 1a
n3sua Fault Aazlnalilis Source 1w

- GFP 289 Source 1L Fault A9z Trip
CB 284d Source aan

a 2 & v a
- an Source wmnmm‘l'ﬁmumuﬂnm
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GFP Single Point Earthing

1 a d' 115 ¥
Maadannlany nisuadnNalas

£
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load U1

=
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Source S1 tilw Transformer, GE Lilit Generator

22/03/2011 e, UszAnd Anowand

71

- Earthing ‘ﬁ. Source S1
Source GE Taanaldda Standby Generator
Taisinns Earthing

- a1 S1 GFP iluuuy RS

@ GE GFP 1ilwuuy SGR
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(% (VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
[SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

Normal Operation

- STUULURN K Single Source System

10991n&d18 N uag PE ugnnm

R2 Replacement Operation

- 1 Q2 &1 N uaz PE l#3aanwiilu PEN

0917 GFP wui SGR
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GFP Single Point Earthing

1 a A = U a; 6
AaasAnnlany vispadnNaulay ‘nmlgsm

S1 S2
=l ®ear = 1 =1 a k[
[Pe] | RS @ m W [PEnz]|
! % !
| f 1 F 1 |
| — |

Pl €7 S 0 AR S €70l ||| E=I S ]
U1 loads U2 loads
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Normal Operation

- §1%3U Q1 B9Nma Earthing
STUULNan Single Source

- §%51U Q2 B9 GFP 15lwuiu SGR
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Replacement Operation

Normal R1 Operation

- szuuziilwiudian Single Source
Normal R2 Operation

[=f
- PE 2 nangilw PEN

M a9d External CT @21 2 Nang PE
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13. Ground Fault Protection &1%5U 2 Points Earthing

2 Gn&lg‘llfl Transformer N9 2 an
AN DAIALY NN
~ Qs a
N vianAn 2 70
- Tof @18 N 3200®
S @19 N ez PE 2202w IWNH

- AnIN1TMII152uL GFP 1o lansala
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VY VY R A
| ———| | |
S L D K L2
1 1
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earth earth

Source N9 2 ANIGDRIAWLANNT
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earth earth

18 Single Phase Load 1 Source S1
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1) Normal Condition

Single Phase Load , Harmonics

fgnszualnaluaia N
- 1H2991n&d18 N uaz PE a2y
~ &1%3U Single Phase Load
nszudlvanaunaiy N waz PE
= = P v & ~
- &9 PE sm‘na.lmLmaaﬁa‘iqufammwumw

NITUAIRANI
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- 37U RS avvinlalaignaag
MeNIalatin Setting GFP &9
CB 819 trip 119 9 N13ilaLAn Ground Fault

Aouuu 15lala
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2) Fault Conditions

- DA Ground Fault N1 ukaIINE S1

angleziinladn
GF Current @a13alwanaule 2 nng
M lAszuy RS asdnlalignaas
- 81 GF Current LA Setting Wanay
32UU RS 81901372 lA1auN31 Setting
waz CB azlal trip
lsignaas \3i93 Ground Fault 35UV GFP 2@ 8983
cB 1w trip
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- 32Ul RS 2a9unasang Nialaaintia Fault
2190329 AN32UA Fault tinA1 Setting
< e ' (%
wazd9 CB 14 Trip vlugnmm
3 Q;: =1 ‘:I 1 Q 1 1:9’
S M9 2 NS WAINADANBWE DL
32111 GFP m'aﬁ]"iﬂlajgm?faa

v
Aathde loflailer
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nsunilawt GEP Thlzia

g5y s2uuTWN Uy Multisoures NidaadAh 2 0

ad

§235
1) fAauu Modified Differential GFP

2) 1o CB w38 ATS wuu 4 Poles
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14. Modified Differential GFP

- 1% cB,ATS wuu 3 poles
- #1 3 GFP devices , RS type fAnadlINU CB
Sensors agfilay 1,2,3 MNAIAY

) Coupling of CTs
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Coupling of CTs

Y ' B ey t%
- CT @avda Polarity lignaas
- NSLUENTY Secondary CT LUINKIDAUNK

v
%

PWBLNUNANIINILUAVDI Primary

1 +1
A B

BA
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st s2

|||—

P1 P2
S B
1/1000

S$1

P1 P2
A
1/1000

22/03/2011 e, UszAnd Anowand 87

$1 S2

S e N  S= = SN B S,

Q

OJOXO) Nnea u3a A,B,C @0 GF Sensors
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S1 S2
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Single Phase Load U1 #1 S1
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1) Normal Operation

Single Phase Load, Harmonic ,

- Load U1 ‘ﬁl Source S1
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Neutral Current , Harmonic , and / or unbalance

U1
U1

2 Iph

< L
uel. Uszdns Anaweink

90

(% (VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
[SYRVEVEVEVEVEVEVEVEVEVEVEVEY)

45



(VR VR VEVEVEVE-VEVE-VEVE-VEVEVEY)
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- ang@liladilnanil Source S2 , No Load U2

U2 = o0
Neutral IU2 = 0

- #1ai# Faults @ U1and U2
21ph +IN =0

I = IN1 + 1N2
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- Primary Current GFP1

LIneete=all ANl Tt
- Secondary Current GFP 2
11t S 520N 2
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TurinasfalInm

MIATIIANTIUEN GFP2, GFP3

Secondary Current GFP2 i2
Secondary Current GFP3 i3
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o A v [
Gl’l&lﬂ'ﬁ@l‘i')%')ﬂ‘nv[ﬂ‘ﬂ'l\?ﬂ'l% Secondary

N3sud A, B, iC. i lWWINIZWaNLD Sensors 2a9 GFP e

iA = i1-i3 =0
IBFFE=SN1IN - =NIF 2= 0
(G |7 %48

> No fault detection

<« GFP System — O.K
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Fault Condition

—
If1

12 A
A+If A-If A0

\

DM
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X

: erm(vr = B s ) GFp3|
S2 -iN2+iff \ ViNZ-ifZ c iN2+if2 2
s2 :

: IN+Z Tph+If
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-_l‘ If1 If2 -
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Fault Current = If = If1+1f2
& ZIph+IN+If =0
- Primary Current GFP 1
I1=IN2+1-1If2 = — IN2 + Ifl
- Secondary Current GFP 1
i1 = N2 + if1
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Turirnaaaanw
- Secondary Current GFP2
i2 = iN2 + if2
- Secondary Current GFP3

i3 = -iN2 - if2
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Y o

Q 3 a. 1 dg/
- AIHEINITOARINIZUAN IBRAKW Sensors 1aGdTh

iA,iB, iC
iA = if
iB = -if
iC =0

N3zUd Ground Fault If 92anA3390N @ WKW

GFP1 @57970 e uazd9 CB 114 trip
s msasvianiilagnaas
GFP System —> OK
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. szuuilasfin GF inauuy Modified Differential
GFP @914 CB %3a ATS uuu 3 poles
fansnldewla aaagnaag

- 32UU Modified Differential GFP &n13l¥ag19a1n

1w 1szine USA
- 92Ul Modified Differential GFP ‘Jﬂﬂﬁﬁlzgnn'h

szuunly CB, ATS WUL 4 poles
v ]
- szuuBNTaLdanazd Neutral circulating current Twaln

A v

Nviana wialassasislans

q
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15. 1% CB w38 ATS uud 4 Poles

- NIlTUUY 4 Poles Aa wan
A, B, C uaz N 78910 2 UHa988nNAH
s lwszuy TN-S 270
i Single Source System 2 %6

H @ 1 1
- 52Uy RS N1 autilwunasaradan
d! 1 o
Feladiifamlunsaseia
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- WanaINHn13lY CB %38 ATS il 4 Poles
M linszua Single Phase Loads , Harmonic Current
Tasasnlnaluana PE o

azunilaiwn EM Effects lanaae
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S1 S2
Q1 Q2
-

CB 1 S1,S2,uaz Tie aastiliuiiy 4 Pole
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16. @889 Ground Fault Protection on Mains only

ANNIAIZIBNTAAAINIS WA T 2545

(@UuTuilye 2551 ) 289 2.4.1.
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u

| 21000 A @a9d GFP
NN19INNIUL GFP 1 Main agdthadidanuazlsif a

[

- n17ila4 Arcing Fault 9zvinla laifsbn

- 1N@ Loss Of Coordination

a Qs 1 1 ‘:9/
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sruvAnangazBuansit
- Main 3000 A
& Long-time and Short Time
trip devices
- Feeder 1200 A
Y Long-time LA Instantaneous trip devices
- Branch circuit , MCCB
H Thermal LLag Instantaneous trip devices

- GFP fi Main 913 0.2's
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&WMSUsTULNAA GFP # Main Ony
2z dani1n
9% Set GFP Pick up winla 399zd
- iialaansailas Arcing Fault g
- #3190 Coordinate NU Feeders

- WAz @99 Set lai LA 1200 A
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a@4 Set Ground Fault Pickup 17 2 @1

- GF 200A, t=0.2s
- GF 1200A, t = 0.2s
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GF 200A , t = 02s

GF i 901 A
- GF %28n31200 A
GF Relay 2zlaivinow laidinsilasns
- GF 200-1000 A

GF Relay 2£11197% Wazyinnawk

Instantaneous trip 2@39 Branch CB (10 x 100 =1000 A )

#1#iNe Loss Of Coordination
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GF 200A , t=0.2s

GF i 90 B
- GF 200- 6000 A ( Instantaneous trip CB 1200 A
o913 5x1, 1200 x 5= 6000 A)
GF Relay 2¢11191% naw Feeder CB

#11%iNa Loss Of Coordination
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GF 200A , t=0.2s

GFfiam C
GFn3ma C
- 21 GF 2 200 A
GF Relay 2:1197%

nilwilagn Arcing Fault laasg19f
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GF 1200A , t = 0.2s

GF /i 90 A
GE7nn A
- GF %aan31 1200 A
GF Relay 2zlaivinow laidinsilasns

Arcing Fault azyinaNaLdawigag1onin
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GF 1200A , t = 0.2s

GF i 20 B
GEnyn B
- GF %2an31 1200 A
GF Relay 2zlaivinow laidinsilasns

Arcing Fault azyinaNaLdawigag1onn
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GF 1200A , t = 0.2s

GFfi2m C
- GF %28 2w 1200 A
azlailasunsilosnn
Arcing Fault Tugaeitesyinanaidemaagneann

- Sever Arc Fault Over 1200 A azla5un13ilasn
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17. @2a819 Ground Fault Protection On Main And Feeders

- GFP_11 Main Only
> ¥ . 1 g:
azilasnulatanie Severe Arcing Fault tn1wib
- szuuniasni Arcing Fault Tan

LAZEIN19011  GF Coordination lan28 A
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- AT 20d19aa L1l
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- Single Line

22/03/2011

TIME IN SECONDS
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szuu WA Tl neaats
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Main CB 3000 A

Feeders 600 A, 1200 A, 600 A

Branch 100 A

=

d GFP

# Main CB Setting 400 A, 0.3 s

1 Feeders

200A,0.1s
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% 1 a v
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GFP 71 Main only fialsiAasf

- Tuaagei
1 Main wag Feeders
< o
#10150609 GFP 1a

wWalwanansailasn Arcing Fault 1o
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Main CB Setting 400A , 0.3s
Feeders CB Setting 200A , 0.1s

GFfl9m A
ol &,
- GF waani1200 A
GF Relay 2zlaivinenw laifinnsilasns
- GF 200-1000 A
Feeder GF Relay 9:#1191% Wazinnaw
Instantaneous trip 289 Branch CB (10 x 100 = 1000 A )
#inl#LNa Loss Of Coordination
- GF ¥1nn71 1000 A
Instantaneous trip 289 Branch CB (10 x 100 = 1000 A )
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Main CB Setting 400A , 0.3s
Feeders CB Setting 200A , 0.1s

GFl9a B
o7 Salh
- GF waani1 200 A
GF Relay 2zlaivinenw laifinnsilasns
- GF 200-400A
Feeder GF Relay 9z71191%
- GF 400- 6000 A
Feeder GF Relay 9:1191% atindaziad GF Relay A Main
Zarfln Back up 9zein993meln 0.3 s
- GF a1nn21 6000 A
Instantaneous trip 2789 CB 1200 A ATANIIDT
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Main CB Setting 400 A , 0.3s
Feeders CB Setting 200A , 0.1s

GF i 90 C
- GF 1%28n31400 A
GF Relay 2zlaivinonw laidinsilasns
- GF  a1nn71 400A
Main GF Relay 2211191% HATHINAISDS

nalu 03s
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18. Single Line WEMIALKAWY BWAZIDTNI1TAIIIA GFP

n151da9 Ground Fault

NALKEWI LAZIBTNITATIDIA

20935201 IWHA

?Jasl‘vqfﬂ Single Line Diagram
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- | RS
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400 ms. main
switchboard

gl 100 N\

decoupling

Level B

transformer

sSMsB
submain
switchboard
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motors motors
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Level A MSB Main Switch Board

- FTAUNILUAFININ NI 2000 A
- N3zud Ground Fault gsdn
- msilasnwly GFP uuy
Residual Sensing (RS)
ED)

Source Ground Return (SGR)
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Level B SMSB Sub Main Switch Board

- 3TAUNIUAFI 1000 - 2000 A
- N3zUd Ground Fault §iwaa13d
- msilasnwly GFP uuy
Residual Sensing (RS )
%30

Zero Sequence (ZS)
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Level C Receivers Or Terminal Switch Board

- STAU NILUEA

- N3kd Ground Fault ‘II?JSI
(%) U

- mailasnwly RCD uuwy

Zero Sequence (ZS)
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