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Consumer product designer qp: §§ product safety engineer qp:aoogcﬁ basic knowledge
qeogscopds qpbguddl aopb 1 IEC60065 (Audio, video and similar electronic
apparatus -Safety requirements ) o3326[gd¢) 66:000:000:60050000: safety a33a0g05
6[RdYP: 30:00:6000 G5ePYP:S 0PpSe§SEClaopd

Part 1 Safety Insulation System

Product 0o&9en function cogepdy) goeogieseoome insulation system codod
2005005(8s00pdee0005qdl 2000 Insulation j §§) 205 functional insulation § safety
insulation A Functional insulation o> 92006 pOg 20R05000qp5gude) oopSesonadoo: (B
safety insulation o602} electric shock ofgde3a0E 005680205 Al 2opbI 2RsePLd§ad
agl60d e§oogp: ( mains, primary of transformer, primary oo § control circuit qps) &
a388eomasepyp: (0gpd:i3udoopd ©podi terminal 02ofg¢ and including output stage /
control circuit, ) 1 [o3ps03€ insulation 026903 safety 3320505 32q design oSG
00568020563l 20p5i o3 insulation oopb§eacnesepa? safety zone vpa005005Bk: Warning
sign gps eedlgecp§dl aopdi
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Safety insulation 069032005005epogEanagisaco: distance (Clearance, creeage), 3209330k
(thickness), sacgo (thin layer) o3gEo005005qAl 205

Safety insulation cog03 j §Jz2005¢05000:3l 205N

(o) Basic insulation

() Reinforce insulation [g&dl 2op5

G000y 3224g¢ Reinforce oo Basic cood 0opbea0nch) $deo §fBs test apdepercopd:

spec o $& 90 6e0S{Al 2001 30005dl insulation 32[gE supplementary insulation & double
insulation 830300056800050§jE0R $69OEd:Cloopdr Supplementary oo Basic § 00500050
opg] insulation 3280&c0pd:0pdl 20pSi Basic insulation goSago:agi€ supplementary o> s005¢)
insulation 020803053l 2051 Double insulation @602 3200053 basic § supplementary

$69038§e5$600 insulation o3esl[B reinforce insulation § 8380&0rdl 2000
FB6ad:0gods 6open insulation system 33255105 6dl 9ooRd(B: 0obsod5C0:)
2 40 oo

Class 1,Class 2, Class 3.....03g6lo00u

Class 1

Insulation system saes{g¢ Basic insulation 000 6329:000:0l 20001 220005 Basic oo

qodogmaqC onspd3ailyC sagepudfecon voltage 0od9 product §, body o3cday€ current
g2 6lg[03:008:050:8CqS body oo earth goonsdl copdi Earth 030’ power (0353207 plug
& g3000:dl 20pdi Basic insulation plus Earthing a3efgpalq) 2opbi

Eg-3 pins plug ad: ogpdsgps

Note: 3 pins Glo3¢: Class 1 product ewr050liondsj), ¢ earth pin deaodcopds body
038005000:0l a3ewpod earth pin ¢» conductor eopcdAli

Class 2

Insulation system cr% Reinforce / Double insulation a?:ooo:d] ooéu Earth ogiaon:dl

Eg-2 pins plug a):ogodsqpsi
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Class 3

Class 1 § Class 2 7602 3356p0d§ 000 voltage gpieondaot doluaqaofgéInsulation

a52q0l 20001 Class 3 0gRbineoy Adl 03 Jsepudedieon voltage ¥urgs §obgodal 20odi
PO [gts o§gc:0? SELV §200560053] 20001

SELV §, 35000503 3356p05§00p50p0005005(88 63005830g)c" 0§ 10p20050a5Al c0pdi
SELV eBomon Safety Extra Low Voltage [46[3s AC Voltage 35V a3eupod DC Voltage 60V o3
G0290Y| 900969050 20001

3200054 classs qps 2[g¢ 0podROgspd:E000 cpgPICOTSEdPE classsdodead: copd
Class 0 § Class 01 [§63l 2op5

Class 0 & Class 01

Basic insulation o9:002:6005c0p: Class 0 o earth g8 220305 8daonigEsedol

Class 01 o>6o2; earth g8 320305 8dcox(gE: §eondcopd; power [Bec3eadkd earth
[03p03:00§ 009002l 20pdi Basic insulation 0069 20> ©86000BGak(E: Bodwgyq
GoeoPpE ©ad:e02dl

Symbols of Insulation Class
Class 1 Class 2 Class 3
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Safety tests

ag6edogpd: 0odeel class 3a§jr3ae:6dl fd: insulation system cog 030 680d0A03E500
o§ insulation design o% 083038616] ooéu chooSogézooﬁ? electric shock 9@600@ / ol
0008, 062000 g8 28000 quoy safety test qpsdol 200

0) Humidity test

J) Dielectric strength test (hi-pot test)

Q) Surge test (Thunder strike simulation)

G) IR test (insulation resistance test or megger test)

§)) Leakage current test (touch current measurement)

0gl6000gp5:0092005 000e§HFERE KeE3OROBE @0530A(gE: v§EGaB 5
0) oodossoepadoorelope copd: comnt:

J) [g€0¢ 8o ofeepa’ aononodeax Overvoltage gpzalopE copds comts

) %s@po@éq@&qpse@xf, méz CoNS:

Insulation system qps qo58:0005(8: aqdod3s pud GudE 2opdi
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PART(2) Leakage Current

FB6ad0godsqps TV, DVD, Computer 6oR03 saadi{g) 6000 381 user 20p5 odogobagp:ci
90308, body, terminal qp:@& @200 audio input output, video input output, ear phone , mic,

HDMI, USB, LAN, 60g $& 0860 6cp§dloogd

ade0g §E03 esepaopd 0g0dlgod8:8Ee0mn conductor [§bdlon adesepad aBo3E: leakage
current (touch current) 029 22[Goo6s cpell 03050503 8:8EAl a0pdi o3 leakage current
250322 20pd electric shock [g6[gE: ¢[gdg: 03 9d5fgod8EA c0pd o3 leakage current
qppz 2090 AC source ¢ conf8s 00§),6000 component gpseondeolgodeay o cxlgEsgbal
2001 328331 component gpzaopb power supply 0E§G: saclopEielorpCieopt
qo5e8:8E[Q: leakage current gp: grocoodgpelgrsadn(Bs o3 sasepudig§teomn
26[gEr65866p0dcdl 20pdi b leakage current gp: 61 8ss0Csd o3 Figure-1 $& Figure-2
o3¢ g&scosoond 2005 i
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SMPS power supply block diagram Figure-1
SAFETY ZONE
C1y
c2 :: ‘ _I_Chassis Ground
+ |
Bridge | | POWER | ||l | Rectifier/ ||
Rectifier | | Transistor i output
2 & : stage T
; 1 : - Application
= driver . S
circuit t circuit .II
|:|O1 erminals
Cdo2
“
c4 "

Chassis Ground

Figure-1
SMPS = switching mode power supply

Power transistor qps switching frequency 0o69[g¢ ad§:q|0[scdeabe0m output voltage.
qe0qs 8006000 power supply 0od§jHgdaopdi Electronic product qpsoganadsgpzoopdi
6opE SMPS &l block diagram 096l o3esdlgoon:a0di

oCaeoon AC input o3 bridge rectifier [§¢ DC e[gpEseusoopdi gaonean DC voltage o3
power transistor , diode $¢ transformer a3sg) 0o8[gp:0000a5S 8366000 DC output o3

00056080pdI

3200053 SMPS 00006800056p0R¢ cpadeoy, §€60x Gsepypigdo0Rd, body, terminal,
output stage gpzod insulation system o[ isolated crSaonqE00N 0303 isolated
00600600 GsepyP:ad safety zone vpesl[G:ad safety zone o3¢ input $E output
2005930560560 component gz ofgdees§gaopd

G&:aden...transformer (T), opto coupler ( 01 $& 02) [gd20p0 (Safety zone o3 3x8eepE
dash line [g¢awblgoonsoopdn) Transformer 205 power o3 transfer cpdeosBe Opto coupler
o feedback signal $& oodgp:cdeadeansignal gp:o? transfer cpbeosoopd

3200053] component gpsgo0:09, Y1 capacitor gpzo3cood: EMC 320305 o3 safety zone
og€aonseusqeoosoopdi dog€ C1,C2,C3,C4 03,2005 Y1 capacitor qpsgda0di
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a3 Y1 cap qp:aopd switching frequency eloypElgded conean noise gp:od sod:coqs
§P5guSea05c0pbs A Y1 cap gpieondsos leakage current qps [g6eOl anooc200i

EMC = Electro Magnetic Compatibility

Electronic product qpsaopb saclogpselopéielopE 00,600 noise /  interference
qP200pd [gEuadogodom odlgp: ugpSigP:d 326500530pMA(GIEP05a0p5N Beeos [gEoe
6O AB0GES:058 0Ea§EMLBIGDY 6o [gooosogp: $pdicogs
EMC design cv6q) 20p5 1 o303, EMC design cpdepogé capacitor qpso? AC mains 8208
03€cE: (o Figure 03¢ olg conzal) AC 320¢ ¢ chassis ground 900503, & (o Figure
03€C1,C2,C3,C4) 9005090500026 2005 103 capacitor qpieondeoé leakage current
qpelgbedcnfBe gpicondlon electric shock o3fgbedl eod] 2005 i
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SMPS power supply block diagram Figure-2
Simplifed diagram for leakage current flowing
Secondary circuits /
equipment body
T B e
|
|
- —)I |
|[Cm-
I |
! I Application
v s b—cicud/ -
e | i terminals
l e | (28 o}
| £ C
| & 2
koS veuy v :o G
b e e
e ieruees i e e
2
Figure-2

Leakage current qps 8508 903 sacgudigEeogs [glgooneom dlgdaopbi Gope Line(L) $&
Neutral (N) o3¢conean leakage current o3 [gEeogé C1 $E C4 0300 [goon:aopbi cpood
body , ©0p05 , terminal 0069903 03eo0> 224l leakage current 2005 dash (---) line

qPP22203C: Bseoagni0000i

Path1:L=>C1=> ( chassis ground, application circuit, terminal)=> cpcBuS=> PE
Path2: L=>C1=>C2=>N

Note....PE...protective earth . N 2005 source ( transformer/generator) ooo50p¢ PE
$Es005000200001 Arrow direction qpzaopb AC source [gdoofgC alternative 0obco08
90500800001 leakage current codsefoypCsoopd Transformer, optocoupler $&safety zone
o€ §ieax oodlgs insulation gpse 00690¢ [§o58:8E60050000: Y1 cap gpiwondeod
B:00C:qa005 sagpiedgdaopdi Capacitor 00b9opElgod8:eom ac current odes2005d)
formula [§& 03058E3ooobi

Current= 2PI f CV, PI=3.14....., f= mains ac frequency, C=capacitance value ,

V=ac voltage cross capacitor
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PART(3) Measurements

ap20pd 0g00dogRdsel body wodal leakage current qpsoopd 0godi3a0pE:5000 B:eotics(Be
e 036000 23l leakage current 008 §), 2005 32[gEa8ag0506) CraB[godBsoga:dl copd

pBepd esepsC earth 3a(osd) voltage qpoopd waBetst BBk o 0o&3sqp:

00083200503 6oRG8E c0pdi paSadB:agniea leakage current o o308 RABLSH3
o30dendgjeax network 0od9§oopdn o3 network Cleoon 8omlgé cpaBudod 8:8Ca0m

leakage current 030305098¢& claopbi Network 3203828 component 00898 0§z
waveform qpso? eeblgoonidl copdn ad waveform gpzoopd 0305a3adE:0maonieamn
measurement gpslgddl 2opbiad waveform gpse 006s0C ac mains frequency §eooo current

&l 356p0d03 980088l 2o

Figure-3 ¢ Figure-13 03€qCsconsdloopdi
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Figure-3
Touching into equipment terminal /body

Class |l product (2 pins plug )

Leakage current path
L=>C1=>C4=>N(PE)

pins socket

Figure-3

6opE SMPS power supply 09:co:600 TV 00 cdsg¢ leakage current codselonpCaod
eedlgaonz00pd Classc IT product 2 pins plug (g8 6o elopE body o3 earth ogjood:dl
Leakage current codsefoypCsoopd product 32038:5000 8:eoCieg00001 X 29050005
p38Eeam Gsep gp: [§deoon body , terninal of o3uSedgjoopdi PE protective earth
200005 Cpell algeaoaHe36o0 esep earth o3 o3den(gjoopdi Ayo0d product o3 vade
earth $& X [o3p:§) Voltage (V)opdgii§Eecdi Figure-6 o3¢ aapan§Eoogdi

10



FBoadagibedogpdisCagbodasepud Aye Thwin

Figure-4

Touching into equipment terminal /body

Class |l product (2 pins plug )

pins socket

Leakage current path
h-1
=>C1=>C4=>N(PE)
Path-2
L=>C1=>Human=>PE(N)

Figure- 4

apadeo0n 229l leakage current gpzaod C1 03[god84Gie5005 C4 $¢ human cp 0305 oBa3,
§8sog200051 cpoopS product o BRkognicamsedl earth $¢ X [o3p:§) Voltage (V) opdy)
[§60g2:8Ewcdn Figure-7 g€ croamn§Edlangd

11
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Figure-5

Touching into equipment terminal /body

Class | product (3 pins plug )

Leakage current path
h

=>C1=>PE(N)
After C1, directly to PE.

pins socket

Figure-5

Classc I product 3 pins plug (46 6ooo elo3p¢ body o3 earth goonsdloopdiLeakage current
c0&ze[oE:0000 C1 oB(god8:{8s 65005 earth 0538 cB05§0>8:08000pdI0nad00pdgbeo

0aB200[gbeo codieloypEiea|gptsd B30 X $¢C earth (032§ voltage 20pSc0pd: 32[G0o0s:
zero [96e5$3loopd

12
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Figure-6

Voltage between touch point (X) and earth (PE) before touching

Before touching
V—1 23V

230V

Q%

ATEAREE A RRA R4 TR A WA WA ROV O

)>

Figure-6

Figure-3 § Class II product 350305 X $¢ earth safogp: § cpecdateonn voltage [gdaopdi
AC input 230 V o3 326[gdg) 03E:00002:00051 AC voltage 00§3: 123 V
§00p50360R8E20001C1 $& C4 20p5 axe§aadyé 00§8:0ean8B: ddaq0503 2ae[gde) od
voltage 00$3:03 ©§:800305098E20001 A3 voltage &0 wod 3asEPLdjg§Eaa
2653200280001 93,6005 cpadadndeom 224l Electric shock elgdeon 320000eo3pEspd:

Figure-7 638005(0305CM

13
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Figure-7

Voltage between touch point (X) and earth (PE) after touching

After touching 5100
V=327mV or i

CL&Z?V
230V/| 80Hz

Figure-7

o600 2asldepd voltage (4620051 00§8:03000gn $00:0g0:000503 Gog, 8E200N cvel
impedance $¢ C1, C4 impedance =26(gdg) C1 2005 voltage drop [03:wos(gEefgdeo0m

$5:0508[g g 2005

14
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Figure-8

Leakage ( touch ) current measurement with human body network

Rs and Cs represent for contact area between human body and
equipment/ground.

“— Rois the resistance of human body.
J_C‘i

10k ohm and 0.022uF are low pass filter circuit for voltages related to
230v| S0tz mains ac with low frequency (eg. S0Hz/60Hz)

% | !
] Human Body Network

‘ C4

I
| |
| |
| |
| | I

m T |
i I

: U 00 u, == 0022 4F u, (V) :

! I

I

5

8

Figure-8

6ozE Human body 006903 o3uSegieoon network 009 eedjgoozaopdi Rs $& Cs oo
pB305Besean GsepgP:ad 03u5enHgopdi Ro o cpadudei resistance o3 o3uSenigjoopdi

10k ohm $C 0.022uF & wa30S (Ro) o5 [godB:ogn:6000 leakage current gp:ode cvo3

5P Jgdeoscan low frequency § current gp:o? §oood §jo3C:8ES[GIrR60026000 low-
pass filter o0&9[g620001 2e30l human body network o3 cpaBcdesepd 0020
03&:0ma4p: [gjopE8Ea00i

e§005 Figure gp:og€ component cod9giE:83 §aoon waveform qpzo? capamn§Eaopd

15
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Figure-9

Leakage ( touch ) current_ measurement with human body network

327mV (0.327V)

‘01

230V| 50Hz —
-TF)TE
TCd i?l;w 0’
‘ | fn :t
9
Figure-9

Figure-10

Leakage ( touch ) current_measurement with human body network

209mV (0.209V)

‘C‘I

230V| 50Hz
=
. ‘ x |
| Ry = i i
15004

C4 i
‘ — 10502

T Pt

Ry= =
‘ U 5000 u, ==0022 pF (‘:'j: u, (V)

10

Figure-10

16
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Figure-11

Leakage ( touch ) current_measurement with human body network

U1=199mV (0.199V)
Leakage current=U1/500

=0.398mA
‘01
230V| 50Hz =
° % |
TC4 HR‘;N' T gi:;u
N I .
11
Figure-11

60RE Ro op¢ §eoon waveform oodgodjgaon:aodi voltage U1 2005 00§3:03
copdszaadmnmeagdtoopdiad Ul o3 resistance 00§83 500 ohm [gon:dlon cpaBedad
[go58:0g0:@000 current 63988E200u

Leakage current=U1/500

a36005 326331 U1 waveform op€ low freq ,High freq current gpzeepesom cpod
Reepudd[gdeocon low freq current 00§3:036a88Ec0n odelogpé low-pass filter circuit
0069[9¢ 65705006 low freq voltage U2 o3§cocbo0p5

Figure-13 o3 9005j03p0dh

17
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Figure-12

Leakage ( touch ) current_measurement with human body network

202mV (0.202V)

C1
230V| 50Hz =
%
c4 ;?!5::53' o2z
N e
12
Figure-12

18
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Figure-13

Leakage ( touch ) current measurement with human body network

U2=59.8mV (0.0598V)
Leakage current=U2/500
-0 119mA

230\; squ =
T
IC4

13
Figure-13

Figure-11 og&[gooneaon U1 waveform ¢ low freq U2 voltage 0330005¢) o3€:000:6000
0lgb20p5n U2 voltage @il freq 205 mains ac &l freq (50Hz) 22038:[gbe500p503
60,8800051 o3 U2 3 500 ohm [gEo:Clon cpadubad B:ognieaon low freq current 0o$3:03
§§EAlkaodi

Leakage current=U2/500
Electric shock o3 odlogoSoiediepoagt

UL limit $& U2 limit gpz03 326[gdom 200500500001 U1 limit 2005 qps@s 100kHz cogpeomn
current gp:320305000[gd20p5 adefompé U2 limit 03000 338000m:q) Electric shock [g6$E[gE:

26326503 80ifgodecydoaopdi Standard edl¢onode) U2 voltage o peak 0o§3s a8ewpod
RMS 00§83 030900001 30005¢) rms [g& 2005005Clon U2=59.8mV

Leakage current= 59.8mV/5000hm=0.119mA
U2 current limit ¢o 0.5mA [g6caoelogpt ad 00§80 c0rd8Ee000 00§3:{gddloopd

3200050] 5RodgIEdegPied Class 11 product 2 pins plug qps320g05[yd[3s Class I product
3 pins plug 330305a3dle Earth (0303 [gode) 03E:0m3lo0pdn U2 033 3280003808

Current limit o> 6o 3.5mArms [g&200u

19
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PART (4) Case Study

3360 electronic 0gpd: 6oREEERAEP05G) gEOdIYSEPLS ¢p:cd case study
c05[G:0nlgoonzdl 20pbn SMPS power supply a9z ogaSiqps 03 28000k eagoo:dl 2obi
Figure-14 ¢og) o&jgoo:dl 2001

Electronic Product using SMPS power supply FHe=
SAFETY ZONE
=i II
c2 ‘ _I_Chassis Ground
AC +l I:I
- POWER | ifier / [
l!_lQ, : . Rectifier /
X | Bridge i y
| T Rectifier Tran;lstor H output
— driver ! stage l@] Application
circuit circuit /
/”Tor‘“‘\ |:-|01 terminals
> class | ~ o2
€3 !
[ ¢
Cc4
Equipment body
- Chassis Ground
Figure-14

woaton[geoon Figure-1 ¢ SMPS power supply block diagram o3 [g§[gg€conzolaogb

o/ 6§705006 EMC capacitor Cx 03 L § N [ogpsen cod{gpdaonzilaopd

J/ Class I product 850305 equip body o earth gjc02:903 [§pSg0Scodlaogdi
Boyd{g§elgpgead...EMC design sa0305qpSgudBe 0odeoEoon: oo capacitor qpsgBaopd
C1,C2,C3,C4 $& Cx 03000690¢ leakage current gps 32800 8:908:65003 cudlggiComdh

20
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Figure-15
CASE STUDY(1)
@ Live touching or capacitor damage in Class Il product
g . L.ea.ka .e.t.iu.rrer-'li Paths |n dla.ss-ll- u-rm.ler-r'l-or-m.al c-n.nditi;:ur;
&) L=>Cx=>N ;
o L=>C1=>C4=>N
L=>C1=> Human => PE(N)
L N
: Terminals
: use
e e | Human
plug — 1 ———
| e el
® e ]
Cx!
HEH -
ol T8 o N
SRR | N
: Chassis
Class Il Equipment body Craund
15

Figure-15 ( Case study 1)

Class II product 03¢ 8ss0Cses6000 leakage current codsalopaqpegbo0banaBedad 8:eom
leakage current qps $o0sesmEizasepudodeoq$ capacitor 0o§3:qp:od on§ao0dg) design

QeRleeationtel]

21
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CASE STUDY(1) continue...

Live touching or capacitor damage in Class Il product

L=>Cx=>N ;
L=»>C1=>C4=>N
L=»>C1=» Human => PE(N)

™ Power line

Leakage Current Paths in Class ll under fault condition

N L=>equip body=>Human=>PE(N) ———————— —

---touchingthe

Figure-16

If Live

equipment
body

ouch body
2 pins St

plug

==
|

O H
|

Class |l Equipment body

Terminals

Chassis
Ground

Human

—— !

Figure-16 ( Case study 1 83800%)

320000¢) Live 00503E§e000 point 00690 equip body 03 08e$36005 936wrod Live 0ode
chassis ground sajogp:e005002:6000 cap C1 qod8:(3; Short (5996205 live ¢ 0305 §od

GepedaRRGo high current gp: cpaBobadad Bseols(Gs electric shock [gdlepdi

22
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Figure-17

CASE STUDY(1) continue...
Live touching or capacitor damage in Class Il product

Leakage Current Paths in Class ll when Live and Neutral Reverse condition
L=>Cx=>N ;
L=>C4=>C1=>N
L=»C4=> Human => PE(N)

™  Power line

=

Terminals

ouch body

2 pins Human

_______

Chassi
Class Il Equipment body Gr:::s

Figure-17 ( Case study 1 83800%)

00050 :6fgzae5GES live $& neutral o3 ¢[gpEg§ondadaddan Gileao3E: leakage current
codselopCielgpCiagfiomnns sasep0d wfleom saegEacs 0od933(gd cogqLledi

23
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Figure-18
CASE STUDY(2)
Incorrect Earthing in Class Il product

(Equipment body connected to Neutral inside equipment)

Leakage current paths:( under normal condition )
L=>Cx=>N
L=>C1=>Equip body=>N ( PE )

™  Powerline

Terminals

|
= S = i

b T e
/ Incorrect \‘__ A i
\ earthin =1 : Chassis
e _.i Equipmentbody  Ground |
T P S G S PSS ST T

18

Figure-18 ( Case study 2)

Class 2 product (2 pins plug) cogen 0068lond) e20d3as5:cud
c80500053l00p5103[go00sna005 earth gedodag€eqpodagnioncddlaogdi a3eaod earth
oncopd: earth pin 0§8Eeam 3efgEpcsonde Neutral opd earth $¢
2005002:00p0320p0R3 0D amedadaogecosgt equip body 03 neutral 900593 ¢Al3a03E:
200503050la0pbi Class T product 2203E:{gbogs(Gs leakage current gps coo305ad
08:00E:8Ee00pal Beadd... [§0SEe0m issue gp:o? s00de) cudlgoorzdloopd

24
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. Figure-19
CASE STUDY(2) continue...

Incorrect Earthing in Class Il product

(Equipment body connected to Neutral inside equipment)

Fault Conditon-1
High current flowing through Human when Live & neutral Reverse

L=>Equip body=> Human =>PE({ N )
N
Terminals

2 pins Fuse
plug —

| | L Cx

[(}]
=
@
=
3
a
L

Chassis

Equipment body Groun
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Figure-19 ( Case study 2 83800%)

2 pins plug o3e[gpEfgs 0odeo&8dlmLive 2005 equip body 03 0305§0503¢) cpaBudodad
high currrent qps8ssoCsdl Electric shock [gbeoclaopdi
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} Figure-20
CASE STUDY(2) continue...

Incorrect Earthing in Class Il product
(Equipment body connected to Neutral inside equipment) =~

Fault Conditon-2

Leakage current paths:(After Neutral Open)

L=>Cx=>N=> equip body => Human =» PE
N L=>C1=> Equip body=> Human =>PE

™  Power line

Terminals

Zpins | 020 ===
plug TE
g | [ S

* [ M:'—

Human

Chassi
Equipment body Gr:::s

Class Il
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Figure-20 ( Case study 2 s3800%)

03132032 Neutral oodesepS open [gddon Cx o3{god8seom Leakage current
c0&zelopCiz0000 edlaxndl o Cx 0§:edpoopSe) current qps Soon§Elaopd

©05qodI neutral open sa[gEaGSEP:Ed

(o) power vpeooGsep connection [goS[ge: () plug oz€ loose [g6[gE: () equipment 90055
connection loose [gB[g€:.....820005d leakage current codsefoypts 28gpiclopE 3:0[gc

oofepezaejoypCalogpEaopds Electric shock (46§ Eae 0050000
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i Figure-21
CASE STUDY(2) continue...

o Incorrect Earthing in Class |l product
; (Equipment body connected to Neutral inside equipment) R
e ] i
% Fault Conditon-3 L Equip
o Leakage current paths:After Neutral Open) _fr -ment
Input current flowing through Human: N
L N Human body
Terminals
Fuse
. ——
input current
@ —=l |l
Cx ==

Ch i
Class Il Equipmentbody  Greund
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Figure-21 ( Case study 2 328005)

Neutral open [§66000 656pogE craBdmn sooHeucdndo0cd (46[G: equipment $¢ series
206o0Q[gdsl input current 3250:3gp: 20305 3256p0d GOEEAlORdN
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Figure-22
CASE STUDY(3)
g Earth Missing in Class | product
=
3 Leakage current paths under normal condition :
& L=>Cx=>N (PE)
L=>C1=> Equip body=> PE(N)
L N No Ieakagecunentflowthmugh Human hDdY
. Terminals
A use
ping | Fee i
plug —
<3 L ML | ]
:.I Cxi==
[ NE | |
' |
I
2 Chassis |
Equipment body  Ground |

© g

Figure-22 ( Case study 3)

Class I product 3 pins plug 0g&&:eoC:ea00 leakage current cossalopagpo? [goosoopd
2000§3201g¢ wa305adad leakage current odseo&:Cl
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] Figure-23
CASE STUDY(3) continue...
o Earth Missing in Class | product
; - :
3 Leakage current paths Earth Missing Condition (1) :
= L=>Cx=>N (PE)
L=>C1=> Human=> PE(N)
L N Leakage current flow through Human body ( same as Class |l product)
Terminals
3 pins e e
plug ’———
® y— L !
:.| cx
[ N :
| N |
|

Chassi
Equipment body Groaj:s
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Figure-23 ( Case study 3 83800%)
320000¢) earth pin 03¢ [0 cgodesilon Leakage current codselogpCsoopd class IT product

$C opognsoopdi a36ood earth [03rcgod$6600 206[g3a6503C ©20532500:c0d 305000503
603000520051 F26[opCen...class T product 320305 2005005006000 leakage current limit

& qpseoonefoypEgdoodi

pown....Class IT 2 pins => 0.5mA ; Class I, 3 pins without earth=> 3.5mA

Design ocpdodms class I sacgod{gdeamneloypé earth 08dlon leakage current 205 dlass 11
c00dgPiesdk 32520:c05 ©205080500053k00I
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7 Figure-24
CASE STUDY(3) continue...

Earth Missing in Class | product

Leakage current paths Earth Missing Condition (2)

L==Cx=>N (PE)

L=>C1=> Human=> PE(N)

Leakage current flow through Human body ( same as Class |l product)

N
Terminals

7q iy 7= Rl [ S —— P
socket Plug —

=3 [ —
L L ‘
Lyl ju

™ Power line

|

")
L ; Chassis
Equipment body Ground

Class |
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Figure-24 ( Case study 3 83800%)

Class I product , 3 pins plug o3 2 pins plug [g[o3p:de] 096000324l earth pin cqpodogs(G:
Figure-23 ogCewilgoonieom 36[gees3203E:{gdogazdloopd
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Figure-25

CASE STUDY(4)
Earth Missing in Class | product
A and touching Live and Earth inside 3pinsplug) (= g}

Leakage current paths under fault condition
L=>equip body=>Human=>PE (N)
High current directly flow through Human body

™  Power line

- 2 Fuse
2pins 3 pins Fhian

plug plug —

: Chassis
| |__ __ Equipmentbody _ groung
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Figure-25 ( Case study 4)

Figure-24 case study 3 sac[gsacsazacgdq] [§0onodeom issue oodoadesdigaonoogdi

3 pins plug 3203C: earth pin 2005 equip body $& s00S00:6005c0pd: power c8E: § earth o3
08600 2065 320008{gd0pdIAd 2es300%:03E 3 pins plug 2038 §eoon resistor $&
Bsadsone0: 2005 weoxd00e live pin $¢ earth pin 03 6o6205 equip body ¢odds0¢ high
current gpz 3050393 8:4l electric shock [gdeo§EAtaodi
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Figure-26

CASE STUDY(5)
g More leakage current flowing throughTerminal Links in Class Il product
g.. e |

im- - L.

& {Hi[ cxim

s Cd m L c12
LN Television

liml || J c13%
I_E"__| Cx3 6 ol

Computer
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Figure-26 ( Case study 5)

Class II product qps 32gCqiE: output/input [03sqps s0050g0500g6lonE 0gRdindegt:de
leakage current qp:oedlEssl cpaBudod gpsfgsge S:eo:ognsoopdiCap gp:

g Cs005002000333(g0[8s capacitance 0o§3:qpscsl leakage current

008§ 3sqproopdi{oFeninonero0di gpigea ogadigpisondagudoogelope
Reepudean leakage current gp: 3303 [§6 ed g€ Sloopdu
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