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ELCB $& RCD a0 protective device §o6pSgpegddloogdi
ELCB = Earth Leakage Circuit Breaker
RCD = Residual Current Device

0g160603050305(gE: electric shock o3 [g6e08Ea00d saalgencsod monitor cpSe) power
o3lgodeomndenlgts omnsep:a? 22800 codieaontdloogdi

Electric shock. [g8[g€:00p5 cpeiodudodad sasepudjgi§€eamn current owoan
[g058:0501{gC:(9b2005n cpo0pbalglod: edlogtonpdfes: agoodogpbsei body Bes(at:

a3e0pod terminal point gp:o? cdeoy 6s[gt: acfgsacs o =a6gd ¢ monitor cv6ea
device qpigdaopSiadal monitor cpdepope voltage sae(gdeomn $pd:c0é: ELCB $E current

o3 206[gde000500:008: RCD 0pq) | §s§oopdn
Earth a3238s0g2:6:000 current 03 monitor coSepdedeomalop¢ Earthing system $C leakage
current gpz3acfoypEiad 288326 aolgé Fpoydiesdlgoonidloodd

FIG-1,2,3 0g€dgpesEanongfsutsoondloopd
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FIG-1

Single Phase Power System Fig-1

Current Flowing 11=12

| Source || Distribution H Socket || Load

enclosure

11 i ——

-—= -———=

6opE power source 0009 (transformer a3wwpod generator)output ¢ current 20p5

agodconff load 0289 (agbodogads) 3098233 [4o58: [gSogadamn(Be source a323
0gI68:005008: [gRd[a:0d [goonsapdi mgnelg[ods earth aopb safoBedieom
0gl6008:80C:6320:607E:6000 gidoRgods conductor [go[Bs earth o3 power system opE

copbagtsanadigiecpdoopdi Got earth copd oSsfepsfydesB: power system o3
2005930500850 §Al

Power system &l 3a00b00be56pe Earth o3 qpSgudgied sagj§jpelompé soodogudoonsgtad

earth goopSuneslaopdi Source 22005 earth ggEssEaa0p ah:§a00d 0gods load 220305
earth g [4¢ =a[03:ed: conductor 0odelgbeon earth o power system ad2%

doCeogdst earthing system oodg 0056802058 EAk0di
Earthing system o3€ 92800 pds§oopdaasad j §pod Single phase 3a6[gde) gEsgoozdloogd
T-N earthing system ( Fig 2) $C T-T earthing system (Fig 3) (962005

Earthing system 03E§e000 326p56l 0ooe Ea0d:0005 source 90059 06O earth gEOASHd
POR54: 30B0oond0005 load 03¢ 90udd earth gjoocSad qpSpgsidloogdi

T 3200560 latin 0022 Terra o3ad[g: earth 03 0305§0odgie005a30500050p 328¢ludqEoRdn N
aB20pden earth goonseoon Neutral point 93 0365805 800599050005 wpeal 2020
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FIG-2

T-N Earthing System and Leakage Current rig=2
Current Flowing 11=12+13

1= current in L; 12= current in N; 13= leakage current through PE

| Source || Distribution H Installation | | Socket H Load |
enclosure
11 11 —
-——-— -
E 4 &
3
12 12
e 2 il
Ne—= < s
= ® == o
2 [ i3 Zh

L=Live; N= MNeutral, PE= Protective Earth

Source 820905 neutral o3 earth gooz00pdn 22834 earth g0 neutral ¢ 6§005006 PE

0pesl G [BEa3 Load § ep 0900593 ogubon&oozoopdn Load 205 earth qgf 3320800
2a30] earth goon:eo00 neutral / earthed neutral ¢ PE o332034gi8Edkaodi

PE= protective earth ; 3533l T-N earthing system ogC power system o3 earth
0066 56pSo0 /0022200003 GogqEoRdI AdelopE earth 2005 power system ci
0gl68:005008:09EA0E[gE:§d earth fault [gdeoo 2a6fgEa650009 (Puw:...line [y

algo: edl Bfgiodoy Besgl:) Beupcd o agdedugpd:ad Besod 3203800 current
8:e06000 conductor 33(gd§es0pd [gdaopd
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FIG-3

T-T Earthing System and Leakage Current B8

Current Flowing [1=12+13
11=current in L; 12= current in N; I3= leakage current through PE/earth

[ Source |[Distributien | Installation | [Socket || Load |

enclosure

1 — 11 -
L o T

L=Live; N= Neutral; PE= Protective Earth

Fig-2 T-N earthing system 03¢ §eox PE [03a3[gjo5(Bs load 30305 98:00§ earth gioon:eom
O8|gda0p0n Power system &l csep J 9 (source $& load ) ¢ earth §eoon esep J 993 Bdgp:

earth gjao2:20001 Power system a393 earth o3 q/60® 8:c06000 conductor

odemgbiloCeoanpdi

22a30d earthing system j 9 opEL (live) 2005 load o5 93 current o€ 6oon *320E06:
0p2005005Clon N(neutral) 2005 load oS¢ current 0godeo 320905008: ~

068l qupdiojodedagEPE [Besé earth 030005 neutral $EGIEes6000 Bdgp:
' 3209050085~ qe32[§da00500d8EloopS

00b5pd:320egC Source 6l L 9ogabaoneamn current 2005 load ado8
c0&ze[oE:00d900p5:00EFe00500p5: [g§ogadauneam 326l neutral ¢ 307&g$e0g053 PE

a3eupod earth o3¢ leakage current u38:0q168: 33(gd source 893 [g&copdSeepad§oonoopdup
B8EAloopdi
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ELCB $& RCD 032005 2%:g6000 0g0d0gad: load ¢ud8:ag05coneoos leakage current qpsod

monitor co52005 0gRdigpgdaopdicdeloyE 32933 leakage current gps agedadeods load
qpzell 02p06e00050 GLOTPLY| 206D §2:00R0 Clon 32804 protective device gpsel function

$C pbgudgIodyp0d 2B8Ewpdfgdoopdi Load 2o03E:q) electrical circuit qpsel Insulation
0058003 Fig 4,5,6 ofopCqE:lgaonzclaogdi

FIG-4

Insulation System in Safety Zone inside Load Fig-4

Leakage Current Flow
L==> Electrical circuit=>3afety Zone-1=> Enclosure=>=PE (N}

[ Input | PROCESS Output |
snclosure (ACCESSIBLE PART)
I -
A s -
i . 4
! Electrical circuit
12 | HAZARDOUS
N t=== & ' AREA
PEL "3 L

Safeti Zohe

L=Live; N= Neutral; PE= Protective Earth

Load e320p5¢n power supply / system 00699 90050305 saadi{gjean agidedogads
29600500l 0zEB cgBodugds 6l :2038:8E:5 source $Ea305§0d sondagudoonieom
electrical circuit 228 00d9o0o: hazardous area sagepudfieon e&ox 32[gdoopd§aoad
pow>...electric iron, ac motor, light bulb....030Ee038€ 20001 Leakage current qps8:§Eeom

codsefopiad copdiewdigoonioogdi

Leakage Current Flow :L=> Electrical circuit=>Safety Zone => Enclosure=>PE (N)

a3 area 03 a%§opecdc0qS safety zone 0d69a00500de) 30360: 0269 el Bewpcd
insulation 0o®9(gpsG: enclosure vpeal 6o 307320505 [§¢ dezpGonpdesonadaonsoopd o
enclosure 20p5 metallic [8doo o8 enclosure o3 PE 93s00503050004(5¢E: [gf Eaopdielectrical
circuit 2095 enclosure 03 A305§05088¢jeo05c0pbeomEs safety zone 0gE§eo insulation
onJog2e) GoodcLpS:eomC: leakage current gps vwdaN gpscdn(Be protective device qpsgE
power source o3[gobeomodeadloogd
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FIG-5

Insulation System in Safety Zone inside Load Fig-5

Leakage Current Flow
Path-1: L== Electrical circuit-1=>5afety Zone-1 == Enclosure=>PE (N)
Path-2 : L=> Electrical circuit-1=>8afety Zone—2=> Electrical- circuit 2=>Endosure=>PE [N)

Input ) ‘ PROCESS Outéuil' )

enclosure (ACCESSIBLE PART)

= _'1 i ] Terminals
L ® (ACCESSIBLE PART)
Electrical Electrical
Bipuied Circuit-2
12 HAZARDOUS
Nge®=== & AREA
. :
B L o E—
3 Safety Zone -1 Safety Zone -2

L=Live; N= Neutral, PE= Protective Earth; G= Chassis Ground

o) FIG-5 03Ea3 aqi60d0gnds ol 2203E:3C:5 source $E0305§05 s00da305000:6000
electrical circuit-1 920¢: hazardous area $& Safety zone -2 [§¢o00é [gpseoon Electrical

circuit -2 328E:doCo0pdi Leakage current gps&:§Ee000 cubao3pE:n’ copbiesdlgoonsangd
Path-1 : L=> Electrical circuit-1=>Safety Zone-1 => Enclosure=>PE (N)

Path-2 : L=>Electrical circuit-1=>Safety Zone--2=> Electrical- circuit 2=>Enclosure=>PE (N)

agl6edogpdiodigongps dBeog O3E eseeo0n terminal qps Algdlon o terminal qpssé G
$C o0deocdoopdi{gdeseom electrical circuit-2 03 65005000 safety zone-2
[5&[gpzconseuseopdn hazardous area 9coreom 3356p0d§E00 leakage current qp:o?
000340 §[gdoopdn 32634 safety zone-2 2005 load &l power supply
m0p8:00p5680005000:00p5Ipower supply 8adjs3aem: 03000pd6) capacitor gp: (& safety
zone-2 03g00260p§20pdI(FIG-6 o3¢ capacitor Az 3a6[gEacso? qE:fgoonooodn)
Enclosure 20p5 metallic [§83oo o8 enclosure o PE o8s00503050004g8: 33(gE electrical
circuit-2 & chassic ground (G) 033l PE $& s0050g05002:8E20p5 Enclosure o3
0305§05ad8eje 005 c0pdieomts safety zone qpiogE§ean insulation oyogze
6o05c0p5:e0mE: ....leakage current gps e gpsconfBe protective device gpilgC power
source o3[godeomnadeadloogd
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FIG-6

Insulation System in Safety Zone inside Load Fig-6
Leakage Current Flow :

Path-1: L= Electrical circuit-1=>Safety Zone-1=> Enclosure=>PE (N)

Path-2 : L= Electrical circuit-1=>Safety Zone—2=> Electrical- circuit 2=>Enclosure=>PE [N}
Path-3 : L=> Electrical circuit-1== Capacitor (C)=> Electrical- circuit 2=>Enclosure==PE (N}

Input > PROCESS Output >
g enclosure (ACCESSIBLE PART) v
. > [] Terminals
- = ' (ACCESSIBLE PART)
Electrical |¢ | Electrical
Circuit-1 - HH- Circuit-2
12 HAZARDOUS ACCIESSIBL
Ne=""" o AREA r. | AREA
i . G
pE| *noT : ? -
G Safety Zone -1 Safety Zone -2

L=Live; N= Neutral; PE= Protective Earth; G= Chassis Ground

FIG-5 og€fgoonseamn safety zone-2 o capacitor goozaopd

SMPS Switching Mode Power Supply 03028 od:a0p51 power supply ©ogobcoeoo high freq
noise qpigEoad vagodeoqs ondeofaonsoopdi safety zone-2 6 insulation 2005
opdgl0€eomtieoomy od capacitor o3[godaoneans leakage current gpzode wox:ad:dCaeon

aBefope 32808l oopdesonadgopd capacitor ¢ [§oSanean leakage current 2005 3ejqps(Be
aB8:q)0n§00065c8enb00001Leakage current qps8:§Cao0n codielogpCsa?
copdseedjgoonzaogd

Path-1 : L=> Electrical circuit-1=>Safety Zone-1 => Enclosure=>PE (N)
Path-2 : L=> Electrical circuit-1=>Safety Zone-2=> Electrical- circuit 2=>Enclosure=>PE (N)

Path-3 : L=> Electrical circuit-1=> Capacitor (C)=> Electrical- circuit 2=>Enclosure=>PE (N)
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Voltage o} =a6[gdBonpbeeonnboon: ¢ax ELCB 220pbcpboss soodgudeseomn
:6[03pC326p00d4), 03 FIG 7,8,9 dBoaEdsEonazqCilgoontdloogdi

FIG-7

ELCB ( or Voltage-ELCB ) Bl

test resistor
I:/.’

[ SW“.C-h/I/—_l @

To source side " To load side

e o-»):/ ®
PE @ L ]
(V) Voltage: l® G
sensing coil
—r

G=chassis ground

Test Button
V= voltage between Earth (PE ) and chassis ground G ( enclosure /metallic body)

ELCB &l connection diagram [g&oopdn L,N,PE [goon:eoom 900503 source 90059368 LN,G
[goonzeamn 900503 load 0005a3GE: soodogudqeditive $E Neutral gpsaopd switch ( double
poles) o3[go5f: s0a50905000:0000n PE $& G ( chassis ground) [ogp:op€ voltage sensing coil
00p5002:2001 0qI60d0gRdigPipt 995000 60R8Ce0m 23E:p: (pows... metallic body,
terminal gpseil ground point) o303 0odesepooR:y eopdiq) chassis ground pin (G) 3a{gd
005§ 2051

ELCB 32006 cpbecnd 06:0006000 test resistor $ test button o3 copdigoonBs ¢os test
068033260005 Test button o3 8c8odeax 324l Live ¢ voltage 2095 resistor o3[gode)
voltage sensing coil 53¢ 2005005002600 FgepudSeodvoltage level 0od9eapPaSFaBe

switch o3 open [gdeo20p5
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FIG-8
Fig-8
ELCB ( or Voltage-ELCB ) 9
V= voltage between PE and chassis ground G ( enclosure /metallic body)
| Source || Distribution || Installation | | Protection || Socket || Load |
_____ _E_{:S:__B_____q enclosure /metallic body
Switch = =
L —o— | o7 L
| 2
i HAZARDOUS ™~ e
! AREA 3
4 . @©
5 i i £
o ' N I
. —e1 sl D g
T 4 } 7=
—6—b—+—T — &
| (V)Voltage |G| | 1 &

1 sensing coil | G=chassis ground

60pE ELCB 03 ag00d0god:d onbeofoonzoogdn voltage sensing coil 20pd
cpad8Eaamesepyps chassis ground (G) &l voltage o3 earth ¢ monitor cv6e$6007
206om[gdoopdIcnadzasepudjgbeodean voltage level cepodagi€ switch o open [gbeo G
0gl60603 [godeomndeoclapdiBesepogt crad sasepudigdeog§taeomn voltage level oo
standard gp: G0l @opSe) 32505:c003ReE8EAloo5N 006,00 30V, 006§),00 50V
020[gE§[030005 Voltage sensing coil o> monitor cpbeseo chassis ground o3 stray
voltage qp:§oo0520p51 o3 voltage qpoopd dopElgoonoogdsac3Es hazardous area $¢
metallic enclosure [o3p:03E[gbed 6500 stray capacitance gpsaloyp&lgdaopdi Stray voltage
Qo638 BevpcdHazardous area ¢ metallic enclosure o3 o305§05c8es6000 356
a3e0pod insulation oyjesejeseo=e8l Chassis ground § voltage qpscod(Be sensing coil
200600560 ¢ power 03[godeox0deodloogdi

2005605005600 Voltage level coaPeom 226[g326500092000 F256pudgd8Eag§oopd
0p2005005G: [p3or€am0z05000:gEsgd200N
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FIG-9
Fig-9

ELCB ( or Voltage-ELCB ) 9

V= voltage between PE and chassis ground G ( enclosure /metallic body)
| Source || Distribution || Installation | | Protection || Socket || Load |

ELCB °
Switeh - i %
L — 1 99— & i v
C1

(V) Voltage G

sensing coil

aql60daRsep0d Fcfgeacs 6fd wrugtilgodeomodugp: § §€eom :o6[g365000903
6p00E[gaon:000ISMPS ( switching mode power supply ) 99:60x aqiéodogpdigpiagt
live / neutral qps © chassis ground o3 capacitor qps o3 noise qps filter (068EqS
006e0€enpdaopdi o capacitor C1,C2 qpsoopd (opE303¢E: series (dfgoe5(Bs

00§ 3sqpropecp§oopdi capacitor jelogpizacoudeodaopd chassis ground §eooneseplgdf: ac
input &1 006005 &:dk§eax voltage 0088: cepodecydaopd

p0>...230V input [§936905 oB=20605§ voltage & 115V o§:oy18or¢ §esd: ELCB i voltage

level 30V or 50V 03 3a§on&ieoqpesepdi odelogpé SMPS ad: agidodugodsgpaacgod ELCB
006808320%3(g|dlon sas08ua|g§Edl

Colce BieRonts Ballcobalicrali fou i ep oo clebiow TicRerloniile plelopl ELeleapiobloviop cloplotebiot)
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Current o3 326[gd[Gsoopdes0005000: G0 ELCB 93wwpad current-ELCB 6sl RCD
20p0050sE 200dg§00656000 Fe[opEizaeponds|,03 FIG-10,11,12
030pE05EonarqEslgoonsdloopd

FIG-10

RCD ( or Current-ELCB ) Fig-10

Under normal operation

[1+12=0=> Net flux in core =0

Under test condition for leakage simulation
[1+12 # 0 == Net flux in core # 0

alternatively 11+12 = Id ; Id= differential current

current sensing coil S|ng|e Phase
Switch 1"

To source side To load side

p—p— test resistor
test button |

RCD 02d9ai single phase saefgdconnection diagram [gdaopSi Source side 90056 Live $¢
Neutral gpz20p5 switch ( double poles) $& current transformer (CT) o303(go5[3:
2005930500200p51 92630 CT 03¢ coil 29:9dloCo0pdn Live [p3popteon current [gob8:c00
coil 1 Neutral [030pE§eox current [go58:eo coil $& 32834 live , neutral o3§ current
qpzell ©03aad monitor cvde$6o00 current sensing coil 03gd[o3dloopd

RCD 35000000000, ome$aeefgzacsopt live ogéeom current (I1) $¢ neutral 03¢ §eom
current (12) 032009 32§§03E:03E vwran gp:on(yBe SroopSwuadyp:
o0dppd8eo§oyCasfoyoopSiLoad 0da3 320803 (+) Kpa005e05dmn load c3e=0g05a3 (-)u?
90501#800@" I11+12=0 @aﬁ%&&o&éu

ad33[g€ 32634 current gpzejopEgdedaoneon core 3203E:§) magnetic flux gpsaopboopds

0emopg) Sroopduadeo§mCeom 399EgEGes000N BelopE Core ad0pe spomiond
magnetic flux (net flux) 2005 zero [gde[Gs Current sensing coil og¢
emf (electromagnetic force) o30wr05 voltage §opSeupcdao
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20000¢) 11 $E 12 20p5 2a6oPE:00696(0¢ vermMLaIE8deaddionn5e3Eep magnetic flux
qp2copd: 0eNop860273 330022008 magnetic flux 0069 core adoged concowpdi

aBe0ondeo¢ current sensing coil o3¢ voltage 009 [gbedlcxnfs switch o3 open [gdeogs
00b5p5:306gC power oBgodeomadeooodi

RCD 35006 cpdocpbodeanieam test button oodeadcopdiesdigoonsaopbiTest button o3
8603050l live 9005§ coil 6323 current (Id)2a800690E(Bs [g$32090503¢ test resistor
©00de0¢ neutral 905§ coil o3 [§odedieod neutral 0398 o305§0d8:e00000 coail | 9oS0pe
current 8s0Cs900op083 2a002:00E magnetic flux 0od9edl cong) switch o3 open [gbcoa0pdN

FIG-11
RCD ( or Current-ELCB ) Fig-11
@ = = -
o) Single Phase @ & Three Phase
Z = o ©
§ | testbutton g 3 | test button g
3 testresistor | & e —L—  test resistor S
7] — = o
—————————————————— (=] Swilch r===r======s==sssmmanea =
i = e e | |
= () '

{
—
—
-

current
Sensing
coil

current
Sensing
coil

Oqp:ogE core § current sensing coil 069G live $E neutral [o3:qpsa? core &l 30pE:
olgode00005n FIG-10 0pE[gooneon 00pbes0r0505E ©opeasiaond: current eloxpé core
ad0pE magnetic flux edleoo0pd concept 3a0pcR0C (462025 Single phase $¢E three phase
Q2220305 00p56E0050YREEE3(geo:a00N
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Hazardous
area

FIG-12
i Fig-12
RCD ( or Current-ELCB ) Underleakage condition
y 11+12 £ 0; alternatively
Under normal operation 11+ 12= Id _(id= differential current)
M+12=0 Id = I3 for earthing on enclosure ( metallic) (or)
13 & 14 are zero Id = 14 for touching enclosure(metallic ) by human
| Source ” Distribution || Installation | | Protection ” Socket ” Load || User |
e _R_C:Q P enclosure /metallic body
1 1
= __”_) : Switch _ _}: —
L i -
" : (1
1 1
: I Human
- |
! Le
: T

N N
@ @
FE > o e 14!
- &« -=-=- |PE w
13 FE 13 =] ; : I
|

L=Live; N= Neutral; PE= Protective Earth; G= Chassis Ground

60oRE RCD 006961 00680E0mH036wdgoonsoopdiload odadoagieon current (11) 205
320905038 (I1) 632005 0N GagPE$GI current (12) 22(gd §esa0pdn o3 current | 9cl
[go2502q105 differential current (Id) 20p5 load iEarth gjoo:eo0 enclosure (metallic)
wondsoCEarth 0503 [g§8:0Ceamn leakage current (13) copdsgb§Ea0adi load aopb earth
ogjoonsdlonEnclosure o3o3ese000 00dlgp: circuit 00899 adwupod Fadi{gjop user ¥odsot
earth 0323 [g§8sog2:6000 leakage current (14) gpzcopdegdgEaopdn

opda0pbeaopadelopégbee load § 208 320905 current gps vopn8esC [epsnivodm
e0l000p5e) 3a56p0d 00699 ...p0wn...electric shock 98ewr0d fire [gbedlcoupd saclgmses
o3 current sensing coil ¢ monitor cod[G:  power o3godeomoSee(gElyddlaodi

[go2g030000cm  differential current 03 od:poopdesep edloanpde) §Ep38E0pd
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