
!

!

!

""""""""""""

!!

!"#$%#&'()*$)+',-.(#)/"0&*,$1)2/+!3)4))

'(*,1$,-)0.(0)#-.(05'-6.#$,-)
!

!"#$% &'()"*#'$% *#$)"++")*,#$% -+'&)(*./'$% /#'% 0-)'&)*,#% 0'% &,/("#)% (-$*0/'+%%
123!4% '$)% 0'5"#0-'6%3'))'% 0'5"#0'% '7*$)'% "/$$*% 8,/(% /#'% *#$)"++")*,#% 9:%
";'&%,#0/+'/($6%
<#%23!%)=8'%>?5@%'#%&,5A*#"*$,#%";'&%0'$%,#0/+'/($%$"#$%)("#$B,(5")'/(C%%
8,/(("*)%0-&,##'&)'(%+D*#$)"++")*,#%"+,($%./D'++'%B,#&)*,##'%#,(5"+'5'#)%1$"#$%
&,/("#)%0'%0-B"/)46%
!

7'(*$6$(#)8$%9(&:,$);)

E'$% ,#0/+'/($% $"#$% )("#$B,(5")'/(% #'% $,#)% 8"$% *$,+-$% '#)('% +'% &*(&/*)% !3% ')%
@36%E"%)'#$*,#%'#)('%!3F%,/%!3G%1,/%+'$%H4%')%+"%I'(('%'$)%),/J,/($%/#'%)'#G
$*,#%5*7)'%1)'#$*,#%@3%";'&%,BB$')%!346%K'+,#%+"%),8,+,L*'%0'%+D,#0/+'/(C%+"%
&,58,$"#)'%@3%0'%&'))'%)'#$*,#%8'/)%M)('%+"%5,*)*-%0'%+"%)'#$*,#%(-$'"/6%
%

!
!

3'))'%)'#$*,#%@3%'#%&,5A*#"*$,#%";'&%+'$%&,#0'#$")'/($%'#)("N#'%/#%&,/("#)%
0'% B/*)'% 1@34%./*%8,/(("*)% "))'*#0('%0'$% ;"+'/($%8+/$% O"/)'$%./'%>?5@6% E"%
&"8"&*)-% '#)('% +"% 8"()*'% !3% ')% +"% I'(('% '$)% /#'% &,5A*#"*$,#% 0'$% 8')*)$%
&,#0'#$")'/($%P%+Q*#)-(*'/(%0'%+Q,#0/+'/(%18,/(%+'$%RS3GB*+)('$4%')%0'$%S,0/G
+'$%9:%1'BB')%&"8"&*)*B46%E'%&,/("#)%"/%)(";'($%0'$%&,#0'#$")'/($%P% +Q*#)-(*'/(%



!

"!#!"!

!

0'% +Q,#0/+'/(% 1RS34% '$)% /#%8')*)% &,/("#)% 1$'/+'5'#)% ./'+./'%5@46%S"*$% +'%
&,/("#)% 8(,;,./-% 8"(% +Q'BB')% &"8"&*)*B% 0'$% 5,0/+'$% 8'/)% M)('% 8+/$% -+';-% ')%
0-8'#0%0'$%5,0/+'$%')%0'%+Q'#;*(,##'5'#)%0'%+D*#$)"++")*,#6%

<',-:,'&)1$0)6'*,1$0)<=)'(#),()$55$#)%.>.%&#&5)$(#-$)1$)!+)
$#)8$--$?)

!

<#%&,#0'#$")'/(%"%0'/7%$/(B"&'$%-+'&)(*./'$%8(*#&*8"+'$%";'&%/#% *$,+"#)%'#G
)('6% E'$% 5,0/+'$% 9:% ,#)% /#'% $/(B"&'% 8(*#&*8"+'% *#)-(*'/('% 1+'$% &'++/+'$4C% +'%
;'(('% &,55'% *$,+"#)% ')% +'% &"0('%,/% +"% $)(/&)/('%5-)"++*./'%'#% )"#)%./'%H#0'%
$/(B"&'% 8(*#&*8"+'6%T/"#0% +"% $/(B"&'% 0'$%5,0/+'$% 9:% '$)% O/5*0'C% +Q'"/% '#%
&,5A*#"*$,#%";'&% +Q"(5")/('%'$)% +"%0'/7*U5'%$/(B"&'6%3Q'$)% +"% ("*$,#%8(*#&*G
8"+'%8,/(%+"./'++'%+"%&"8"&*)-%0-8'#0%0'%+D'#;*(,##'5'#)6%%
%
E"% 8+/8"()% 0/% )'58$% +'% &"0('% ,/% +"% $)(/&)/('% 0'$% 5,0/+'$% '$)% ('+*-'% P% +"%
I'(('6%%E"%$/(B"&'%0'$%&'++/+'$%P%+D*#)-(*'/(%'$)%&,##'&)-'%"/%!3F%,/%!3G6%E'%
(-$/+)")%'$)%/#%&*(&/*)%&"8"&*)*B%'#)('%!3%')%+"%I'(('6%
%
9/*$./'% +'$% *#$)"++")*,#$%9:%,#)%/#'%L("#0'%$/(B"&'C% +Q'BB')%&"8"&*)*B%8,/(("*)%
&"/$'(% 0'$% &,/("#)$% 0'% B/*)'% -+';-$6%T/"#0% /#% 23!% 0'% >?5@% '$)% *#$)"++-%
0"#$%/#%$=$)U5'%9:%";'&%/#%,#0/+'/(%$"#$% )("#$B,(5")'/(C% +'%$=$)U5'%8,/(G
("*)%B,#&)*,##'(%)(U$%A*'#%8"(%)'58$%'#$,+'*++-C%5"*$%8"$%./"#0%+"%$/(B"&'%0'$%
5,0/+'$%'$)%O/5*0'6%9/*$./Q/#%23!%$)"#0"(0%#'%$'%('&,##'&)'%8"$%"/),5"G
)*./'5'#)% 1./"#0% +'% &,/("#)% '$)% *#B-(*'/(% P% >?5@4C% /#'% )'++'% 0-&,##'&)*,#%%
8,/(("*)%&"/$'(%0'$%8'()'$%-+';-'$%8,/(%+'%&+*'#)6%
!

!&55"-$(%$)$(#-$)%',-.(#)*$)5,&#$)$#)%',-.(#)*$)*"5.,#))

!

E'% &,/("#)% 0'% B/*)'% '$)% +'% &,/("#)% #,(5"+C% 8(*#&*8"+'5'#)% 0V% P% +"% &"8"&*)-%%
'#)('%+'%&W)-%!3%')%+"%I'(('%0"#$%+'%$=$)U5'6%E'%&,/("#)%0'%0-B"/)%'$)%/#%&,/G
("#)%"#,(5"+%8(,;,./-%8"(%/#%0-B"/)%0"#$%+'%$=$)U5'6%3'%0-B"/)%8'/)%%M)('%
/#%&,/()G&*(&/*)%'#)('%+'$%8*U&'$%$,/$%)'#$*,#%')%+"%I'(('%8"(%'7'58+'%0V%P%/#%
*$,+'5'#)%0-B'&)/'/7%0'$%8*U&'$%$,/$%)'#$*,#%,/%0V%P%/#'%8'($,##'%./*%'#)('%
'#%&,#)"&)%";'&%+'$%8*U&'$%$,/$%)'#$*,#%')%+"%I'(('6%
E'$%0'/7%0-B"/)$%$,#)%&(*)*./'$%')%0,*;'#)%M)('%0-)'&)-$6%%
<#% &,/("#)% 0'% 0-B"/)% $/8-(*'/(% P% >?5@% 8(,;,./-% 8"(% /#'% 8'($,##'% '$)%
5,()'+6%XY%#,(5"+'5'#)%/#%23!%>?5@%'$)%/)*+*$-%8,/(%$'%8(,)-L'(%0'%&'%0-G
B"/)6%
<#%&,/("#)%0'%0-B"/)%$/8-(*'/(%P%>??5@%8(,;,./-%8"(%/#%*$,+'5'#)%0-B'&G
)/'/7% '$)% $,/(&'% 0D*#&'#0*'6% 9,/(% $'% 8(,)-L'(% &,#)('% &'% 0-B"/)% /#% 23!%%
>??5@%'$)%#,(5"+'5'#)%/)*+*$-6%
%
@*#$*%/#%23!%>?5@%'$)%/)*+*$-%#,(5"+'5'#)%8,/(%+"%8(,)'&)*,#%0'$%8'($,##'$%
')%/#%23!%>??5@%'$)%/)*+*$-%8,/(%+"%8(,)'&)*,#%&,#)('%+'$%*#&'#0*'$6%
%



!

"!$!"!

!

<#%23!%$)"#0"(0%#'%8'/)%8"$%B"*('%+"%0*BB-('#&'%'#)('%+'%&,/("#)%0'%B/*)'%')%
+'%&,/("#)%0'%0-B"/)6%T/"#0%+'%&,/("#)%Z%#,(5"+%[%0'%B/*)'%8"$$'%+'$%>?5@C%
/#%23!%";'&%/#'%$'#$*A*+*)-%>?5@%0-&,##'&)'%+D*#$)"++")*,#%0/%(-$'"/6!
!

!

7'(%#&'()*,) 0@0#A6$)/+BC)0$(0&D1$)E) #',0) #@>$0)*$) %',-.(#0)
2,(&#")*$)0,-F$&11.(%$)*$0)%',-.(#0)-"0&*,$103) &(#"G-")*.(0)'(H
*,1$,-0)0.(0)#-.(05'-6.#$,-)*$)IBJ)
!

3'))'%/#*)-%5'$/('%+'%&,/("#)%0*BB-('#)*'+%'#)('%&,#0/&)'/(%0'%8O"$'%')%#'/)('%
1*0'5% 23!% $)"#0"(046% 3'% &,/("#)% 0*BB-('#)*'+% '$)% +"% $,55'% ;'&),(*'++'% 0/%
&,/("#)%0'%B/*)'%')%0/%&,/("#)%0'%0-B"/)6%T/"#0%*+%#D=%"%8"$%0'%&,/("#)%0'%
0-B"/)C%+'%&,/("#)%0*BB-('#)*'+%'$)%-L"+%"/%&,/("#)%0'%B/*)'6%%

Leakage current (Capacitors)

Differential current (RCMU)

Leakage current (Capacitors)
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Differential current is

equivalent to leakage current

Differential current is vectorial summation

of leakage current and fault current
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