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L'Vli'l1uh~mh\Jmn vh 1l1~1.Jmru1'1"lYl1LLI'l:;Li'!~El\J~m~1\1'1 l1wm.JtliEJ\Jn1''i 

i'lrum~'liEJ\1 u 1\J~u 1 'l"lv1Tvil1i'l rum~~\Jiiu LL~1 u'llru:; L~~1nu1:;uu 1 'l"lVl1'11EJ\J 
' ' " 

n111 'l"l'i'l11'l'1'Uf1ijmi'll'l'1'U 1 'VIqj1~ EJEJn LL1J1J 11 dJu~1~ L~'U 1 ummrTL m1 EJ~u-E\Jl1 
" 

i'l rum~vi L'VIm :;~:wnul'lmhvY111.J 1~wl1m11'l\J'Vl'Wvi ~EJrni'l~EJ\Jnum1~l'lJ'U1 
' " ' 

Li'11l!I:Jfi"''11El\JU1:; L 'Vli'l 1:;uu~1~ L~'U 1 'UE11n1i'l L'VI'U El~'U'it\JnEJ~11\J 1um:w LL'U1 

nuu'VII'l1\J £JEJ:wl11EJm~Lnrn 1'1"lYl1~rn1\1"11Li1EJ\1"11n~1L'VI(JI~1\1'1 ~\I ~\J'Vl1\1~1'U 
' " 

J1mm:w'1111ii mYiiiL'VI(JI EJ1.Jmrui11rn ~(111 "11m:;u1J'11EJ\Jm11'1"lYl1 LLI'l:; 1uu1\Ji'lf\J , " , , 
rhnrnii'um~ 1 'U1:;1J1J'11El\JI'lnfh L'li'U EJ1.Jmru1 'l"lYl1'111fnn11U11\Jfmnvi ~EJV1\J 

" ' ' 
L ~~\J~El 'VI~ EJE1~1 uvfuvf -it \Jl1:J.JI'lll11:;fJ: \1~\J'Vll 1\1 Lfi fnU qj'VI11 'I"JVJ1~fn1\1"11ii'U 
uEJn"'1n"':; Lnrn 1 'l"l~u 1 ul'l'1uvi Lnrn 1 'l"lYl1~rn1\1"11LL~1 1 u'llru:; L 11'l1L~~1nun Ln rn 

1.J11nlJn11ru u 1\J~'U 1 'l"lVl1'11EJ\11:;uu 1 uu1 L 1ruvfuvi-E \1 Ln rn 1 'I"JVJ 1~rn1\1"1111.:J.J~\J 
u1 nru 1n~ Lfi~\1 Lnrn(Jinl'l\Ji1'11ru:;iiu~1EJ:wnu LLI'l:;v\Jl1NI'lvh 1l1EJ1.Jmru1 'l"lYl1vil1 

' 
i'l11:J.J 11~Eln11L1.J~~uu1.JI'l\1'11EJ\J u 1\J~'U 1 'l"lYl1'11EJ\JI'l nfi11J1\111mnrn-llrnoiiEJ\J '111J1'Un11 

" 

i rn-iiEJ\1"11nl'lnfi1ij LL u 11 i.i:w:w1 nii'u-E\Jff1'VI1n't11u'UVi n~iitii1 'l"lYl1i rn-ii EJ\J'liEJ\1 l'l nfhvi 
" " 

1~ f1J:J.J1 LU~ ~1J L Vi ~1J nu ~i) tii1 y.JVJ 1-li' rn-ii El\1'11El\Jn111 'I"JYJ1 LL~1 3J n~1Jl1<11'U 1'W'ii El 

-llrn'ii EJ\1'11EJ\JI'lnfi1"1:;l1<l1'W1'Wi'lf\J:J.J1nni1~ntii1 'l"l'i'l1-ll rnoiiEJ\J'liEJ\Jn111 'l"lYl1viuuVin 1~ 
" 

~\Jill1 ~1 L 'VI (II L i1 EJ\1"1 1 n n111.Jfu ~\I n11vl1\11'W 'VI~EJ n11 EJ EJ n uuu EJl.J m ru'll EJ\1 l'l n fi1Yi1l.J 
' ' " 

mm:;~:w~EJrni'l~EJ\Jnm:;uu 1 'l"lYl1vi dJ'WEJfJ 
" 



L YJ EJ dJ'WnTJ!il{;)U qj'VI1'VIi'El lil(;) 1'111l-l1'W LL 'i\l'lJEJ\lU qj'VI11 vJYl1'1! (;1-lf El\l ~\In ~11 

~""h d'lum.h" d"~ m'i 1 vJYl1 liln~h LL!il::: ~ ~ ~!llEJtlmru1 vHh~::: ~EJ\l.hl.lilmi'uun1 '1l 
~ ~ ' 

i1 ClJ'VI1EJV1\l dJu'i:::uu L(;)~"':::~EJ\ll1m'i?ln'I!I1'VI1i'111l.lii'111l.JL-lf1 h 1 'WUClJ'VI1 LL!il::: 

tl'i::: f'l1'Wi'111l.J~'ll-lilEJnuun1 '1Jt1i1 ~nu'Vln ~h~ L Vi EJ~ n'l!/1 u1il:::n1'VI'W(;) dJul.J1!1l'i~1'W 1 '14 

LL~ !il:::~h~v\'1 L ilum'iLLn1'1JEJ t11" L'VIm:::f'll.J L Vi f) 1 'l4'i:::uu 1 vJvhvY\l'i:::uuf'l1l.J1'inil 

i'111l.JL-lf1nu1~ (Compatible) EJV1\l~ 

~\ltT'W LYJEJ 1'14L-lf1 hfi\lltnHru:::'lJEJ\lUqj'VI1'i1l.lvY\l LL'WTV11\l 1'Wn1'i1il(;)~1il 
m:::YI1Ji'111l-l1'W u 'i\l'lJEJ\lU ClJ'VI1~ Li'i(;)ii'W nEJ\ll~~ ~" 1~'i11J'i1l-lri'1ml.l LL!il :::inHru::: 

'llEJ\lU ClJ'VI1vilYnY-~u1iEJ~ 1 'Wfl1i'1EJ!Ilf'l1'VIn'i'il.J 1 'WI'l'i11vil1 n1'iLd ~l.J LVEJ'W'VIi'EJtl'i:::'lll.l 
' ' 

~l.Jl.J'W1~1l.JrllJ1iln~1 'i'll.lvY\1 1~'i11J'i1l.JLL'W1YI1\l 1 'Wn1'iLLfl1'1l"'1n~ilEJ~1\l"j LL1il!::"'1n 
~ ~ 

tl'i ::: f'lum'iruvi Ln(;)ii'u"'1\lmt1'1 Lf'l'WEJ 1'14~vif'lu 1"11~YI'i11J 1uLijEJ\l~'W 1 u'itlinHru::: 
~ ~ 

'1JEJ\ln1'in1l.J-!IlfllJUqj'VI1~1'W~rum'V-I 1vJW1LYiEJ 1'14Lfi(;)i'111l.Jii'111l.JLoih hl-l1nii'W LL!il::: 

f'l1l.J1'int1'11u LLn1'1lilClJ'VI11~EJ v1" L 'VIm:::f'll.J~EJ 1u 

nEJ\ll~~ 

e:J1~~~n.~u1'i:::uu 1vJw1 



,_... 

nuonlu-C1ou 
\) 

Orunlnrunlwlvv'Wl , 

lunlnssnvllctOC1C1lhnssu , , 
'Yiill 

1. Power Supply 'YI1mL'YI~\1~1tilW 'Yia.J1£.Jn\11l::h ? 8 

2. Sensitive Equipment & Power Supply ffa.J~uilnum.h.Jli ? 10 

3. rlrutnW'll1l\l'i::uu1vJYl1rl1"i1ltJLU'i::~u1V~ ? 11 ' ~ 

4.1rl'irll'iLUUN11J~Vl'll1l1JLLnilqJ'Y11rlrutnw 1vJYl1 ? 12 
~ ' 

5.nT'.il'll1JI'Ia.JI'lrumw1vJwTvh1tifmh.Jh ? 13 
' ' 

6. l'll1a.Jti1L~1lii1l'll!l\l'i::1J1J1vJY11~1l!l::1'i ? 14 

?.System Availability & System Reliability ~1\lfl'U!l!.h\lh ? 15 

8. System Availability & System Reliability & Power 16 

Quality ~1\lnum.h.Jh ? 

9. a.J1VI'i~1'U'll!l\ILL'i\I~'U1vJYl11u~1nlilLU'Umh\lh? 17 

10. n1'iVI'il~lVIVl1a.Ja.J1Vl'i~1'U EN 50160 vhm.h\11 'i ? 17 

11. a.J1m~1'U'll!l\ILL'i\I~'U1Ww1'111l\ln1'i1WY11lihun~tni'ILU'U 18 
~ ~ 

mh.Jh? 

12. ~lul.l'i::n!lu'll!l\l'i::uu 1ww11utl'i:: L'Vl~1vwil1l:: hli1.J ? 19 

13. ~m!lru::'ll!l\ll'lrumw1vJY11~LnV~ilunm::uu1vJY11il1l::hli1\l? 21 
' 

14.1vJ~u (Outage or Black-outs Long Interruption) ~!l1l::1'i ? 22 

15.1vJn::w1u (Momentary or Short Interruption) ~!l!l::1'i? 22 

16. LL'i\l~u1vJYl1Vlnil'llru:: (Momentary Voltage Sag or Dip) 23 

~!l1l::1'i ? 

17. LL'i\l~u1vJYl1Lnuil'llru:: (Voltage Swell) ~!l!l::h? 26 

18. LL'i\l~u1vJYl1Lnu'li'll'li (Transient) ~!l!l::h? 26 

19. I'I~'UffqJqJ1ru'i1JnJ'UI'll1a.J~~\I (High Frequency Electrical 27 

Noise) ~!l!l::h ? 

20. l'l~'ULL'i\l~u1vJ\N~VIL~ti'U (Harmonic Distortion) ~!l1l::1'i ? 28 

21 . LL'i\l~u1vJY111a.l~a.JVlfil (Imbalance Voltage) ~!l!l::h ? 31 
' 



'Yiih 

22. bdmnV~1vJvllvi'uv::-rl~a!.l1\llri1blluuuu1'Yiu? 32 
~ 

23. bdmnV~1vJ~1vi'uv1~1l.J~\113-lVJ'i11J~1b'YI(;l ? 34 
' 

24. bdmnV~1vJ~1vi'uv111l.J~\113-lVJ'i11Jb1t'l1~1tJ 1vJn~u~u~bb'liuau ? 36 

25. br1~a\ln1b'l1V~1vJ~1iJth::1t~·lrwa!.l1\lh ? 37 

26. tila\lm'ibliiubl"1~a\ln1bu(;J1vJ~1'JJ'U1'Unm::uu'JJa\lm'i1vJ~1 37 

vf1a!.l1\lh ? 

21. n1'YI'UV1m'iv11\11'U'JJa\l bl"1~a\ln1 b 'l1V~1 vJ~1 b via~1t1 1 vJGil'ia\1 38 

umuua!.l1\11'i~ ? 
' 

28. bdmnV~1vJ~1~V11\I"''i "'::iJNt'lm::VJua!.ll\lhbnV~~uul\1 ? 39 

29. bb 'i\lvl'W 1 vJ~1(;1n'li'1'llru::~(;)EJtJ1 'Wl.J1(;1'il91'Wn1'i~1tJ 1 vJ'Y!~a13-l ? 40 
~ .. 

30. bb'i\lvi'u1vJ~1(;1n'li'1'1Jru::~bnV~~'WiJ~m,tru::a!.l1\lh? 41 

31 . li1bn(;lbb'i\lvi'u1vJ~1(;1n'li'1'1Jru::u~1iJb'Y!(;lm'irua::hbnV~~u? 41 
' 

32. bdmnV~bb'i\lvi'u1vJ~1(;1n'li'1'llru::"'::bbn1'1Ja!.l1\lh ? 43 

33. v111l.J~\IbnV~1vJ~1iV~-lia\11uh\I\11'UUEltJ bblil::"'::bbn1'lla!.l1\lh? 44 

34. li1"1::~1tJ1vJ1Vinu Sensitive Equipment 1'11'ivl1ElV1\Ih ? 45 

35. m'iblii'W~1tlbb'i\1~1bvia~1tJ1VinumJmru~ Sensitive 46 
' 

r-mv11EJV1\Ih ? 

36. a1.lmrua::h~'li1tJlilV1Nlilm::VJuilni'Yf11"1rum~ 1vJ~1~iJ~a 46 ' ·~ ' 
Sensitive Equipment ? 

37. Harmonics ~aa::h ? 48 

38. Harmonics 1u'i::uu1vJ~1bflfil~u1~a!.l1\11'i? 48 

39. Capacitor Bank ~liiV1~\Ibviaufi1'llri1 Power Factor 49 

m'ibll'Ubbuu 1V~ ? 

40. ri1 Power Factor ~1ni1 0.85 iJN!ilElVl\lhUl\1 ? 50 

41 . Fixed Capacitor Bank iJ-lia~--limNtJEl Vl\1 h ? 50 

42. v111l.J Capacitor Bank bblil:: Fuse UEl\ltl'U Capacitor Bank 51 

~\l'lh'iVIUElti ? 
' 

43. v111l-liil El~1~\l'lh'iV1bdEJ~1J'YI~ElUlilV1 Fuse ~1'Wtii'WV11\Ibbt'l:: 51 
' 

il~l'Ul'U'Yit'lltJ~l? 

44. l.J1(;1'il91'W~b~tJ1-lia\lnum'i(;l'i1"11V~I'1rum~ 1vJ~1ila ::hu1\l ? 53 .. ' 



'14ih 

45. 1ltlmrui11l\lrl'U~h'ULL':i\1~1ii1l::hih\l ? 53 
' 

46. n1':iU1l\lrl'U~1'Un'i::LLIHn'Wii1l::hii1\l ? 54 

47. iiil'l~v1~ii1\l~vh 1'11Lmmn1l{i11l\lrl'ULL':i\1~1'1'11\11'U ? 57 

48. Harmonics iiNt'ln'i::'V11J~mmmn1l{iJEJ\Irl'ULL':i\1~1'141fl13J ? 58 

49. iiil'l~V 1~U1\I~vl11'11Lmmn1l{iJEJ\Irl'ULL':i\1~1vl1\11'UN~~t'l1~ ? 59 

50. vl11:1JtiJEJ\IiJf'i1'Utl':i:;n1J1J'~Ifl\ILU':inLnfl{iJ1J\Irl'ULL':i\1~1 ? 59 

51. flUn'icUUfl\lrl'W'li1V'llfl\ILU':inLnfl{iJEJ\Irl'ULL':i\1~1iJEJ::hii1\l ? 60 
' 

52. 'll~t'l1~'11'U1'U'li1Vtlt'lm\l'l':i (Shunt Trip Device) vl1\11'U 60 

mh\lh? 

53. 'll~t'l1~'11'U1'W'li1Vtlt'lm\l'l':i (Shunt Trip Device) ~~~\! 61 

mh\lh? 

54. iJEJ~1rl~'ll~t'l1~'11'U1'U'li1Vtlt'l~1\l'l':i iJEJ~1\Ih ? 61 

55. EJtlmru'li1Vtlt'l~1\l'l':iLL':i\I~'U1vJl'l1~1Ln'Uvl1\11'Ufl~1\11'l ? 62 
' 

56. flUn'icU'li1VUt'l~1\l'l':iLL ':i\I~'U 1 v.J\'11~1 Ln'UiJ~ LL1J1J LLt'l:;~1\lrl'U 62 
' 
fl~1\11'l ? 

57. n1':i 1'il\11'UfJUn'icU'li1VUt'l~1\l'l':iLL':i\I~'U 1v.Jvl1~1Ln'UiJ~':itlLL1J1J ? 63 
' " 

58. flUn'icU'li1Vtlt'lm\l'l':iLL':i\I~'U1v.J~1~1Ln'WiJ11Lv;1l1l::h ? 64 
' 

59. Under Voltage Trip + Voltage Relay vl1\11'Ufl~1\lh ? 64 

60. Voltage Relay vl1\11'Ufl~1\lh ? 66 



lunlFIBSnvllctOClC1lhnssu 
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, , 

LL '11~\l~1t11 vJ '11:1J1tlfi.J LL '11~.JY'lff.J.J1'Wvl ~1:1JT'H1~1t!LL "i\lt~\.11 vJvl11 '11nu 

11tlmru'1 vJ¥111 '11~1:1J1"iCJvl1.J1'W 1~ 11~1-Jih.h:::Nvlfi.rn'l'l LLI'l:::tlt'lBiilntJ LlilmUY'l1::: 
' 
11~1"~" LL'I'I~.J~1tJ1vJvl~1l.J~1tJ1'11nuBtlrmu'ii.Jijr111:1J 11~-J(Sensitive Equipment) 

' " 
"V::: ~ B.Jl1 r1 rum'l'lvl ~ .Jn'l11:::vl'utln&lvl ~1tJ1 '11nu11tlmru 

' " ' 
1 vJ'i'hvY11tJ Utli'11t'l'l'tlrl'W3Jmi11"'ll1 LL'I1~\l~1 tJ1 vJJ'W 

4 '11:1J1tJfi.J LUY'l1::: LL '~'~~"~1t~1 vJvl1'u:~-~1"V1nrn11 vJvh LvhJ'W 

LLVl"V~.JLL~1 rhl1 LL'I1~\l~1t11 vJ"V!::'I1:1J1tl"i1:1Jfi.J LL'I1~\l~1tl 

Y'lff.J.J1'Wvll~"V1nLL'I1~.J5'W'1~1tl L'li'W Lrl~1l\lrl1 LUiil1 vJlAJ1 

mt~1 'W'll1l.J Ll.J.J1'WL1l.J '11111 Un-interruptable Power 

Supply (UPS) vl~1tl'l'lff.J.J1'W 1 '11nuBtlmruLUY'l1::: 1 'W1J1\l 
' 

"i1r11tliB'11U1tJ~nn1-l, 

lilB1J~'W1l\lr111:1J~B.Jn1"i 

L~.Jtl~:~-~1ru11ill3J~1nlil 

Lrl~B.Jrl1LUiil1vJiAJ1 ~1tJ1vJVIIilLLVI'W"V1nfl1"i 
1 vJi"l111i(( 'Wtl~:~-~1ruvl 
rl1'11'Wiil11 

d'ilil1vJvl'u, 1vJn:::Y'l~1J. 
1vJiiln'li'1'llru::: 

"i1r11tliB'11U1tl LL Y'l.Jn11 

rn"i1vJi"l1, ij'iJB~1nlil1'W 

rn"i~1tl , ij1vJvtu'li1.Ji'W 

ri1l'W 1-ii1 vJ"V1nLrl~1l\l"1 



3 

4 

5 

On Line UPS :iftw1-E'l~mh.J!1im-dEJ\I , 
LLnuqJvn1 wl11u.1 wn::'!AI~u . 
1wtJlni1'llrud~'U1'U~\IbLI1i 
0.1 i'UTVi - 1 'Ji'11).J\l 

Motor Generator :iftw1-E't~mh\1!1lm-dEJ\I, 
set LLnilo.J'I·n1wtJlni1'llru:: 

1~'U1'U~\ILLI1i 0.1- 3 

i'W1Vi 

Dynamic Voltage ij1w1-E'llilmh\1!1lm-dEJ\I, 

Restorer (DVR) LLnilqJm1wtJln'li'1'llru::~n 
50% ' 0.1 - 0.2 i'W1Vi 

)j·nrmL'IAI\In11 

Generator ~)j'll'U1V1 
L'Vhrl'U 5 L'Vh, )j'\AI~\1 

\11'U~o.JL~v1 w111::tln~ 

<~::d1'U111'UnTl~1v1 w1'11nuEJtlmru1wvh 1V1'1 <~::tilEJ.JW<~11ru111EJtln'lru 
' ' 

111\1 mi 11 til EJ\Im'l~ rum'!AI'll EJ\1 LL l1 Iii \I~ 1 v1 'U1::111u 1V1 ~EJVJ~ ~ EJ\1 nu~11).Jtil EJ\1 m'l'llEJ\1 
' 

EJtlmrul1~EJ1~ .z7.J1'Wm\l~f\lnwru 1w<~1nLLl1fii\1~1v~m<~1nm11 wvhwv.Jm.h\1 
' 
L~t11El1<11~Ll1).J1!:~).J ~\I<$1LU'UtilEJ\IElElnLLlJlJ LLl1fii\1~1ti~).J1nnl1 1 LLl1fii\IL~El~1t11 W 

1 '111 'U L 1~1 L~t11rl'Ul1~EJ)j~11).Jff).J~'Uijm.h\1!1iEJ L -dEJ\1 111-JtT'U 1 'Un11EJEln LLlJlJ LL l1fii\1~1tl 
1 wvi L l1).J1!;~).JnuEJtlmru~\l<$1 dJ'Uvi ~n~h<~ ::til EJ\I"m1u'ii EJ).J ~ m1).J ~ EJ\Im'l~rum'IAI 

'I ~ , 'I 

1 wVl1'llEJ\IEJtlmru ri EJ'U u~:: ~mn-ii mJ ~~"~ rum'IAI1 w\il1vi l.Jl"'ln LL l1fii.J~l v<~l n uwi ~:: 
' " ' 

u l1fii.J11~EJVJ~~ EJ\Inu~11).Jtil EJ\Im'l'llEJ\IEJtlmrul1~EJ1~ nEJ'Uvi<~ ::ij m1~ Vl~\11-li\11'U 
' 

EJtlmru1wVl1 1V1mU'IAI1!:mh\ld\IEJtlmruvi)j~11).J b~\1 (Sensitive Equipment) 
' ' " 
<i!:tilEJ\I~n~1ElV1\I~!:L~tiV1 

1V1vt'i1'U 1l1qj~n~1l1~1m1v~n 1~1~1"hu\l 
" ii \11::11lu~ rum'!AI'llEJ\1 LL l1fii .J<~' 1 v1 wvi ),11<11 nm1 

1wVJ11'UlJ~L 1t1Jyt'U~.z1\l<l!:rlfl~\11 'l\I\11'ULLI1iL~).JLL 'ln 

riEJ'U 1 'U'llru:: L~v1n'Wm'lL~EJn 1-iiEJtlmru1 w\il1ii 
' 

~n<~::l"hii.Jii\11 'U~1'U11~1'llEJ\lEJtJmru LiJ'Ul1~n~\l 
' 

~n 1~ L~ EJnEJtlmruvi EJEJn LLlJlJ)J1 L~ EJvi <~::'IAiunu 
' ~m'IAiilrul11~rum'IAI1wVl1~5jEJti1 'U'llru::tT'U li'.Ju 

~ ' " 



L i1 eh'I'Vlnm..Jmru1 vJvhvi ~ll.Jl'JCl'Vl'W~ EIEIU~':i'Jrl'lJEI\Irl rum \I'll vJ'WlL~-.v::: ii'llrll LL \l'l\1 
' ' ' 

~\I hi~n L~EJmh:J.n Hi\ll'W ~\ltT'W~\I'I"lUi1CJJl1l~rum'l"lL vJ'Wl-.vln LL'VIL'l\1-lltJ'lJEJ\Inl'l 

1 vJ'WlLl-i~EI ~rl ~EI\1 nu~EJJ..lmru1 vJ'Wl a\ El\1 nl'l di ~~u 
' 

r~rum'l"l'llEJ\ILL'VIL'l\1-llu 1 vJ-.vlnnl'l1 vJ'Wl~-ilu 1 linuf'ln~h 1wL~L"l:::VlEJ\I~-.v:::ii 
' 'lJ 

r!C\Jfll\l'l~ LLtJ1n~l\ltl'WtJ1llJ~'U~ ~\I tiL '!iiEJ1 li~EJ~rl~EI\I~Eirl1ll.JaiEJ\Inl':i LLL"l:::l.JL"ll'il 
' 'lJ 

r11ll.J L~f.I'VIlf.l'lJEI\IL"l n~h~ LLtJ1n~l\ltl'W L~m 1u\ltJ1llJ~l~1J'lJEI\Ir!C\Jfll'l"ll vJ'Wl'Vl nl.Jl n 
'lJ ' 

11l'VIlUEitJ~\Id 
Ji .,j.,. 

• 'l"l'W'Vl'UrllJEJtJ1~l'VIm'JlJ 
' 

• ~'U~L'lJtJ1L'Vlrl1Jlf'l'Wrl'J UL"l:::L'Vlr11Jlf'lLiifl\l 'VI1EIL'Vlr11Jlf'l~l1JL"l~LiJu~'U~ 
~'ln'V'VI1EI~'W~t'ilflCJJ~Lrl'l!l 

• ~'U~L'lJtJ1L'Vlrl1Jlf'lLiiEI\I 
• ~'W'ViL'lltJ1L'Vlr11Jlf'l~l1JL"l 

J( d 
• \l'l'U'Vl'lJ'W1J'Vl 

~\ltTu~l..l'l:::nEJUnl'J~\Iri1'J~'Vl'JC\Jlr11llJ L'VIl.Jl:::~lJ'lJEI\I~'U~ ri EIWll\IL 'J\1 
'lJ 

\ll'W 1 li~EJ~r~ ~EJ\Inur~1ll.JaiEJ\Im':i'llEJ\IEJl..lmnHhu u~mh\IL 1ntJ1ll.Jrl rum'l"l~\lnL'll1 
' ' 

m-.v E1''1'11l-i ~ll.Jl'lCl'lEJ\Ifu'VI1EJ ~EJ~ r~~ EJ\Inue:Jl..lmru~ ii r11ll.J 11~ \1 ~\ltTu~l..l':i:::nEJu 
' 'lJ 'lJ 

m'l~\l~lLiluaiEJ\1~-.vl'lrul'VIl LL'VIL'l\1-llu 1vJ~~ur~\IL'liiEJ-ilu 1 linuEJl..lmru~iiiomlJ 11 
' 

2. Sensitive Equipment & Power Supply ia.Jwufinueuh~ h? 

EJJ..lmru1 vJ'Wl~1ontJ1llJUl'WEIVEill'i'f.l~111l L'li'W Lri~EI\IfU L 'Vl':i'l1rlu ~~L"ll.J 
' 'lJ 

'V:::'I"l1J'"ll~J..lmruL 'VIL'llii''V:::EJ\Irl\l~ll.Jl'JCl1-5\ll'U 1~mh\I~EI L i!EJ\1 LL~';h-.v::: Ln~UCJJ'VIl 
LL 'J\I~'U 1 vJ'WltJ1n dJUL 1L"ll'Wl'W'VI1Eii1'1JCU:::n tJ1llJ LL~1 'U'lJCU::: Ll1if.l1tl'UEIUn'JCU1 vJ'Wl 

' 
viii r11ll.J 11~\1 (Sensitive Equipment) L'li'W lJEILtJ1EJ{l..lfur~1llJ L ~1'JEI1J 

'lJ 

Programmable Logic Control ~1-E1uh\l\ll'WfltJ1~l'VIm'llJ'V:::'VIfJ~vll\ll'U'I1uVi 
' ' 

1u'llru:::~Ln~u'l\l~u1vJ'WltJ1n (~ii'llul~~Lvhnu) LL~LVlu\li1r~~ntJ1llJ ~\ltTu-.v::: 
'lJ 

Lii'UllEJl..lmru1vJ'Wl~iir~1llJ 11~\1 (Sensitive Equipment) -.v:::vll\ll'W 1~m.ll\ILU'W 
l..lnlii'VI1~ t:Ju -.v:::~ue:Jtinur~run'"l'l"ll vJ'Wl'llfl\IU'VI~\1-llf.l 1vJ (Power Supply) ~iJfl'W 

'lJ ' 

1 '11 ~\ltTuEJl..lmru1 vJ'Wl~iir~1llJ L1~\l~\l~l dJualEJ\Iiinl'lEJEJn LL1J1J LL'VIL'l\1-llf.l 1 vJ~ii 
' 'lJ 

r!C\Jfll'l"l1vJ'Wl~\1i~\ILL~ri'Jl1U'lnmh\IUEif.l 2 1:::uu 
' 



1Vl uvY111.h::uu 1 l'lw1'11EJ\Inl"i 1 V>Jw11 'U~1mrvi~1ua!.i1 'UU"''"''U'U,rn"'':: 1~1~ 
" ' 

bb~Vl\l"i1UL'l::bEJUVl'Vl1\lb'Vll'lUI'l'lltl\ll'lrum~ 1V>Jvh (Power Quality Specification) 
' 

l1~tll'l11l-lbi1a~a 1~'11tl\l"i::uu 1l'lw1 (Reliability Specification) v1 bVlu...:~~a 
~1l1fum"iaan bbum::uu 1 V>Jw11 t.~t't1'U'11EJ\IL'l nfhv1l1mJn'iru1 l'lw1v1l11'111l-l 11~...:1 

" ' " 
i1...:~1VluvY1 hlm"i 1 V>lw1"'1:: bb~\l"i1UL'l:: bEJUVl1 '11m1u b\l~1::1::~u bb "i\I~'Ubbl'l::l'l11l-l~ 
1l'lw1v1~1u 1'11nul'lnr!h u~btla.J"''1n 1t.~iJ"''"''U'Ub'Vll'l1'W hfi'lla...:~a1.ln"iru1 V>Jw11~ 

" ' ' 
W!il.l'U1.fft.~mh\l"i1Vl b ~1 vh 1 '11a1.lmru1 l'lw1l11.l"i::~'Vlnm~ bbl'l::l11'111l-l bb~'U~h~...:~ 

' " 
.fft.~ bb~mh...:~1"ini1imJmruLl1rihtl"''::l1'ifa-;$1nVl (Limit) v1L~u1'ifa...:~nu~1'UI'lrum~ 

' ' 
1l'l'W1mn.ffwllll-ll-11~1u b'li'U 'ifa-;$1nVl'lltl\11'111l-111 (Sensitive) ~tlnl"ibll~u'U 
ulll'l\l'lla\lu"i\I~'U 1l'lw1~...:~.fft.~ ~...:~tTt.~l'lrum~'lla...:~"i::uu 1l'lw1v1~1u 1'11a1.lmru 

" ' ' 
bl'1G'i1d ~...:~-;$1bU'U!ila...:~iil'lrum~ 1l'l'W1~~...:~.ff'Ut'l1l-l 11l~1u 

' " 

b ti EJ\1"'11 nm"i'i'1"'11"iCU1~ Vll11l1~a 

m"iaan uum::uu 1 WWl'lltl\1 nl"i 1 WWl 
~ 

"''::l'i"''l"iCUl b~ an L'l\I'Vl'UU'UVl 'U~l'U'Vll\1 ' .. 
~l'U~M1n"i"il-!Ml~t'libbL'l::bM"iMJM1~t'l{ 

nl"il'l\I'Vl 'Wvi l11'11ll-J b l'll-Jl:; ~l-1 bbl'l:: 
' 

~t!Vll'l~tl\ln1J bbN'UW!ilJ'Ul bM"iMJfi"'' bbl'l:: 

~\11'13-Jbb \4\l"lll~ v1-r~u1L'lnll1'UVll11 '11nu 

m1 1 l'l'Wll'l\I'Vl'U 1 t.1 11'l"i\lnl"i~1\1'1 t'lll-1 
' 

1'11ll-J-;$l dJ'Ua v1...:~ bl'll-Jl::~l-1 b vi a 1 ffil'l"i\l~~l\l'lltl\lelt'l"i11'h 1 V>Jw1l1"ill'llv1 v al-J bUl 

(Reasonable Price) bl13Jl::~l-!nul'lrum~ 1wvh1.lntli ul'l::~::Viat.~fi...:~lii'U'Vl'U 
' ' 

(Marginal Cost) ~ bbVl"''~\1 ~\ltT'U 1 t.~'ifa-;$lnVl1'U~l'Unl"iL'l\I'Y.!'U~l\1'1 "i::uu-;$ll1'ihu 

'11El\lnl"i1 WWlN1'U 1l1qi dJ'Ubb1J1J~l m&lt.~mmM v1l1vY...:~ bb1J1J~1m1.l~au ~lU~l-1 
u'U1'U1Jl\IL'l'1'U ul'l::~lu'l1l-lu'U1'U ria~~l...:~11.lt'lll-l bb'U1CJ'U'Ul1L'l1\l Lvia~lu 1w1 '11nu 

' 
L'ln~l1t.~'VlnVia...:~~'U'lla...:~1.l"i:: b'VlM b ..;l a 1 '111.l"i::'11l'11'U 1~311 l'lw11-Emh...:~vY1fi...:~ Lbii-:il"'':: 
" ' 
bU'U~'U~'11'UU'Vl'l'il\11n L'l 

~...:~tfw'i'1l1lnlil a...:~m"i"i::uu 1 l'lwlv1l11'1 rum~ 1 w'Wl~...:~.fft.~ ~...:~Iii a...:~1 oE b~'U 
' " 

~\IVl'U~ihJ~ri1~\1~1n~'U L~U 1~UiJ~1Vi'tJ1tJLiJULLUUfie:J~~1\11~&1'U i1\l~::;~\l 
' " " 



NL'ln1!:VlU(l)EJ1r~<\1~11\1'1!El\IBI?l"i1~i11vJrh 11?l£.ri'"Jd-JYi ~El\l'lh<:: L~d-Jif'WI?l1d-Jd-J1 ;nn 

oW"'1"inJ1"11nNL'll?lElULLVl'Wn11L'l\I'Vl'W 1 'Wtn'W"i'Jd-J (Macro) U~1El1"1"1!:V\11a.J L l1d-J1!: 
' 

~d-Jfhwrum<~1£.J 1 vJvhYiiir~rumw 1 vlvh~\11 '11nul'l nr'i1n~d-JYi mi EJ1ri'v LLL'l::li<iii 
'I 'll \1 .. \J .. 

~' h!'llEJ\Ilh:: L VJI'!.z!\11a.ill<::~\I~Yi<J::fu 1 vJ.Yhviii r~rumwlii Ld £.Jd-JLii'Wr~11d-J~El\ln1< 
' 

LL(i)~EJ\1~1£.Jrl11 vJ.Yh 1 'W"i1r11Yi ~\lif'W N1l1fU 1'WU1\I~'WYi L'li'W Urld-JEJ(I1~1l1n1"id-J 
~ ' 

.zt"~ El\ln1"irl rumw 1 '\'J~1Yi N\I~Ell"'"'::ii r111d-J Ll1d-J1:: Nd-Jd-J1nifu u(l) Lit El\1"11n 1 u ' ~ 

il"'"'U'W 1r~1\1~11\1'1!El\IBI?l11rl 11 W~1'1lfl\ln11 1 vJ~1.z! \!Cl nn'1l1'WI?l11?l£.J'W 1vu1£.J'llfl\l ' ~ 

f:tU1L'l'1 rl\liiL'W£.J\11rl<\1~11\lrl11'\'J~111ri1Liii£.J1n'W~11.l"i::LVJI'I (Uniform Tariff) 

vi'\IJu~mum<ClHi Lfi v1if fl\lnur~ rumw 1 vi~1~\IV\Irl\liiEJv'md-JLVlr11 u 1L'lii'llfl\l ' ~ 

flllmru1 vi~1Yi'r1u~ll'£.Jd-J1nifu~\l dJu~1 L l'l~l'linvi'vh 1 '11 Lii l?lil q)l11if El1'El\l L ~ vu 
LA v1nu 1 w~1'lll?life:~"1 umr~e:~l?l~1m-<d-Jl1~e:~•::uu 1 vi~1Yi~e:~\lm<r~rumw 1 w~1~" 

' ' ~ 
i1111mrud-J1nifu .z!\1 dJuil q)l11 L ~\lvi1'WUL'l::~1 dJumJ1\Id\IYi ~El\lii m<~mn LLL'l::vh 

r111d-J L-ih hnu<::w"i1\lm< 1 '\'Ji.\11 LLL'l:: L'lnr'i1 LAmnuilq)l11tli1ur~rumw 1 '\'Ji.\11 L Yie:~l11 
~ ' 

LL'W1V11\11'Wn11LLrl1'1liJq)l11(l)EJ11.1 

"i!:UUn11L'l'\1~1£.J 1 'I'J~1'1!El\ln111W~1Yi~1£.J 1 '11nul'lnr'i11'WiJ"'"'U'W "'!:!'l'\1~1£.J 
~ ' 

1 W~11111 'W~1£.J~1l1U1£.J L~'WL!ii£.JJn'WL vJe:~~1£.J 1 w1 '\1nu~nr'i1l1L'l1£.J1.l"i:: LJlV1W1flWJ n'W 

.z1\lii~\IL'lnr'i1thum.Jmri'v~1111 li'W1r11< 'l11\11'1u l'l~fl h\I\11'Wfll?l~1l1n1"id-J i'l\ll!u 
~ ~ ' 

'l::vi'u'lleJ\11'\ rumw 1 vi~1Yi~1£.J 1'11nuL'l n~f1 L'VIti1Ju~\I:01ri12./\l L tiw vieJI?leJU~'WeJ\I(l)eJ 
' ~ ' 

n"'n11 11?ln"'n1"il1,j\l LLiii"'!:rl\lfn'l!l1rlnJ111W 1 vJ~1lJ'Yi1::vlULl1d-J1!:~d-J .z1\ILU~£.JU 
' 

Lt'lil e:~unuJ11.l<::ll1Yi m<11<::111~1v 1 '11nul'l n~h~11111 ur~rumwYi L l1d-J1:: ~d-J"'1 nviEJ 
~ ' 

11<::111Liiiv1n'W~\Il1d-JI?l.z!\IL'lnr'i1m\1<1£.Jfl1"1'L11J111<::1111111-ELviEJm<Ln'l!ll?l<n<<d-J, 
~ 

LoWfln1<Ln'l!lmm<d-J, in~1\l l1~ElU1\111£.JEl1"1 

u11111-E~d-Jnu l1~1l11i1 un"'m'lfl(l1~1l1m-<d-J 
' 

"11ni'l1e:~!.i 1\lil1\I~'W"':; L '11u11L'l nr'i 1Yi1 i.J1 
~ 

ll<::ll1"11nvimliiv1nuJu ilr~11d-J~fl\lm< 
v ~ 

1::vl'ur~ rumw'l!eJ\Ith LLI?ln(i)1\lrl'W vl'\l'll''W 
' 

N1l1fUL'l nr'i 1vi' ~ EJ\Im1.J1 L Y1 mi11111 i L ~ EJ 
~ 

m<~d-Jnu l1~e:~11i1un<Jm<e:~ (11~1l1m<d-J 
' 



~\1~1 dJu"'::liieJ\l~\l'Vl'W'YI~fl-.rvn-mn..Jmru~ LrTl!l ~1 L vieJ1-En~umeJ\l~\lt'lm..l'm~l.l::l.lu 
' ' 

mnlnhT'Welflnbih.Hifl'W ~\l"'::tl'1~11-1Jl.l'i::1EJ'lfl11111~~ liieJ\lnT'i1(1( "11nlll1mh\l 

ihvliiu"':: L '11u111::uu 1 V'l.Yhiii'l ~nl!lru:: L 'liu L~ v1nuJ11.l'i::l.l1 ~"Ju L vi eJII1fl1Jt'I'Wfl\l 

CJi fll'l11~1Pi flvnwvi u111 nCJi1vnu~v•h dJu!Pl eJ\li! m'il.lful.l1" LLn1 'll1 u~vi Iii fl\l m'i 

l'lrum~~t'l\ln11'i::~uvi'111.l 
' " 

m'iLLn1'li'YI~fl~Vll'l11~1'WLL'i\l'lleJ\li:lqJ'YI1(1(1u~rum~ 1V'l.Yh 1 u1::uu 1V'l.Yh~ 
.J 1 EJ fl ~1 'WU 'OJ~ U'W,f'W1J1\JU qj'YI1fl1"1 t'l1~1'iCl LLrl1 'li'YI~ fl ~ Vll'l11~\'W LL 'i\l1~Vl Elnl'i 

vi1tilun1'i'llfl\l~nl'i1 'YI~flm'i1 V'l.Yh 1V1v~TW\JN1EJL~EJ11(1( oBv1V1EJ~111.lJ;J~ri1m'i 
~\l'Vl'W L vi flv\'1 L U'W n1'i~\ln fl11"1 :;:ij~ ~rl11ihn11 L~ fl L~ fln Ltn1 'li1V1 EJ\11'i\l~ flUnlnJ~ :ij 

' " ' 
1'111~ b (Sensitive) mv 1u'lleJ\l~nl'i1 u~::'OJ::ii~~l'i1t'l\lil'ut~flEJ'1 L~m~flmtt'i1'll~ 

" " " 
'i::1J1J'llfl\ln1'i 1 V'l.Yh LLlli V\ll'l\lil'mvi:l 'lJ'YI1ViLa.J m"'vi1 L ilu m'i 1 '11 Li1 L ~"~ ~ fi1v11.l1(1( 

1V1 vm1vi1 L ilum'i"'1ne:hm~ v11V1 v ~1Yl'\l ~\l,f'W~\1~1 Ltlu~ m'i 1 V'l.Yh u~::~nl'i1"1:; 
" 

Iii fl\l'll~iifltl'W LLfi1 'liU qj'YI1~\lnfl1111.l fl~1\l1 'inll11~n1'iL~ fln~"'1'iCU1~\l'Vl'W LLtl1 'll 
' 

tTu "'::liieJ\l~"'1'iru1"11n~~l'i11'l11~ tt4vmv 1V1EJ'i1~ LU'W'YI~n511(1fa.J\lw)v1ivl.l'i:: 1v'llt! 
" ' 

~N1v'Yiil\JN1EJ 1V1"1::liieJ\l1(1ffmvhtTu 

(~(1m '1'11'11 u 1~i:i'lleJv~l.lmru1 V'lvh~ n11'Yiii1i!'utL~::~l.ln'iru1 V'l~1rihu 1'YI'l! 

"'::i1'~1'Wl.l 'i::nfl1J'llfl\lil''W~1'W Power Electronics ~1nil'u u~::il'l'l11~ 11 

(Sensitive) lliam'iLl.l~ ti'WLLU~\l'llfl\l LL 'i\l~'W 1V'l~1~1nilw'liunu 1 'W'llru:: L~tlltl'W 
,-:;uum1-o/1v 1 V'l'llfl\lm'i1 V'l~11 'Wt'l1n~ nvvt'l1~1'iC1111fl1Jt'I'Wfl\lllieJeJl.lmru1 V'l~1~ 

' Yl'~'W1flfh\l'i1VlL~1 ~\l.Q'L,jfl\l"'1nl::1J1J 1V'l~1LU'W'i::1J1J 1 'YIClJ LL~::iil'l11~L'YI~1::t'l~ 
Li1'1'11'1J~ n 1'111.l'i::'l11'11'W~1'W 1 'YIClJ'llfl\lU'i:: L 'Vl r1oB v!Pl fl\l m'il'l rum~vi ~ eJ L 'Yim:; uCJi 

" ' 
l'lrum~~\lnfl11fl1"1 V'v1a.i L Yl EJ\l~ eJLi1'YifueJl.lmru1 V'l~11 wnl'lfl!l1t'I1'Yinl'i~ ~\lJu 
' ' ' 1 U'i::uut'11n~~"1(1f~mm~t'111\lmll1'i"i1'W~ L~EJ1'ilfl\ltl1JI'lrum~ 1 V'l~1~\l'i::uu L vifl 

~ ' 
1 '11:ij~rum~~ L 'YI~1:; til~ LL~:: ~ V1U'lJ'YI1 m1~i V1 LLii\l(lf1u ~rum~ 1 V'l~1 ~"d 

• ~1111'i"i1'W EN 50160 Lviflll1'i1"1t'lfl1JI'lrull1~'llfl\JLL'i\l~'W1V'l~1~n1'i .. ' 
1V'l~1~1v1r'i~n~1flU1\lL'VIl-l1::fU.J 

" 
• Engineering Recommendation GS/4-2001 Lvifl1'iil'l11JI'l~l'lrum~ 

' ' 
'llfl\lnl::LLff1V'l~1~~nl'i1~\l~~m1:: (Harmonics Current) L'ii1~'i::1J1J 

" " 



~~m:::VJu 

• l.lltll'i~l'W SEMI F47 L~eJ1oErn1JI"ll-lvH1.1fl1'1"J'lleJ\IeJtlmru'1'1'lvh~ Sen-
<1.8 'I 'I 'I 

sitive 1 '11iil"l11l-lfl"ll-ll'ifl 1 'Wnl'iVI'WwieJeJtlfl"'i'il"l"'lnu'i\I~'W 1 'l'lYl1tlln'li'1 
' 

'lJru::: (Voltage Dip) ~d'i~~u1u'i:::1J1J'lleJ\Im'i1'1'lYl11u'i:::~u~L'Yil-ll:::fl"l-l 
l.lln~u 

001 0.02 

Duration of Volt'age Sag ln Seconds 

0.1 1 10 

Voltage Sag Immunity -SEMI F47 
lntratech Stepper/Washer, 240V 50 Hz power 

Ml)doi 2200, SIN99SW4502, 5100 

100 

Jllif1 UfllihJJJIIi1'iji!J SEMI F47 ft?ii'l?11fjJJnl'iNfili1£(lfn1CU'1Wrh 

YliJI'I?IJJ Sensitive tnfiiJJI'if1'YI!Jii1.£J Voltage Dip 

1~1'.JL'l"ln~ LL~1m'i1'1'lYllvY11~n"':::u~\l'ili'.J~::: LBI'.J~ 1'11nu~mlf1VJ'i11JCi\l 1:::!i1u 
'll 

1"111l-l'lhL~eJCieJ'1JeJ\I'i:::1J1J 1'1'lYl1 (System Availability) -li\l"':::nn1~eJeJnl-l11'W'itl'lleJ\I 
'll 'll 

~1'W1'W1eJI'.J~:::'ll eJ \I n~1vi m'i1 'l'lYllfl"lm'in~li'.J LL 'i\lliYu 1 '1'JVl11 '11nu~n~h 1~ u'i:::I'.J::: 
'll 

L1~1 1 lJ L'Ji'W 'i:::1J1J 1'1'JYll~:ih:::~1JI"l11l-JtJ1L~eJfieJ LVlltllJ 99.9% 'Yil-Jli'.JI"l11l-Jl1 

n1'i1 'I'Jvhiil"l11l-Jflll-ll'ifl~li'.JLL 'i\I~'W 1 'I'Jfh 1 '11n1J~ nrll'li'"' ~(;f \ll-JeJ1J 
'll ' 

(Revenue Meter) 1~1:1-iiieJI'.Jnll 8751.24 'li'11l-l\litl (365x24x0.999 

'lf1LlJ\I) V11Bmh1Bn'I1'!JV1tl\I~B ~nl'h"l:::mBm&1l.J1~1'1JLL'i\I~'W 1'1'lYl1 
'll 

1l-l diu 8. 76 i1 hJ\1/tJ 



"11 n ~ 1 mh\1-ii 1\1 i1f'W"':; L '11'W l1"i:; !ilu ~m :IJU1 L ~ fl fi fl'll fl\J"i :;uu 1 'I'J'W1 !il\1 n l'i 11 

)j'j:; fl:: L 1~11 'I'J!iluvl ff'W:IJ1f1fl1"1t'I1:1J1"inflf1:1Jfu 1~ 'Wnl'i:IJ~n~11i"i"i:IJV11vY11tJ LL~ 
' " 

GiTv1fu~ n~1fll.9lt'I1'Yim"i:IJ'YI~fl1i"iii"'vl L~ fl1tl1J E-commerce 'i!\1)1f1tJn"iruvl)1 
'lJ q 'I 'I 

b'VI~ 1 'W hv.ff'Wt'l\1 bb~::)1"i::fl::b 1~1f11"iNi'i1.911.9l~flV1 24 'li'1L:IJ\I~fll'W fl1"1tJ\11~LWfl\IWfl 
" 

t'ifl~11:1Ji1lfl\lf11'j !il\IJ'Wri1!il\lnl'i11~\1)1~11:1J LLI.9lnt'l1\l n'W 1tJI.911:1JtJ"i:: Ll1'VI'llfl\11i"in"' !il\1 
' 

1>11'11"# 1 ui'f~vPh-;::~IJf'l?lmht:Befie'ilehJ1::vu7wrh (System Availability) 

i1mm::m.uiw(1fi-vfli7J'f 

39's 99.9% 9 'li'1L:1J\I th'W~n 

49's 99.99% 59 'W1Vi h\I\11'Wfll.9lt'11'Yif)';i'j:IJ 
' 

59's 99.999% 

69's 99.9999% 32 l'W1Vi 1i'W1~1'j 

99's 99.9999999% 30/1 000 l'W1Vi E-commerce 

7. System Availability & System Reliability ,;i1\lnumh\ll~? 

(System 

Availability) bbtJJ"':; rl1'YI'WV1 LU'WbbN'W'llfl\lrl1V1"i"i"lJU~11:1J 

b~flfif11tii'llfl\l"i!:1J1J (System Reliability) 'i!\lrl1'YI'WV1 

d'l'Wri1 LU~ fl'll fl\1..;1'W1'W~f \I'll fl\IL!l m t'lf11"i LiiV11 'I'J !ilu LU'W 

..j'1'W1'W~fMifl~f1~1 1 "i1fl 1'W"ifl1J 1 iJ (SAIFI} bb~!:rl1 
" LU~fl'll!l\lb1~11'1'J~m1:1JLU'W..;1'W1'W'W1Vit'iB~n~1 1 "i1fl 

" 
1'W"iflU1 iJ (SAlOl) 'i!.J1(ifri'1'YI'WVILU'WLLN'WL~Wihth'YI:IJ1fl 
. . " . 

-li\1 LLU\11.911:1JWVJ'WVi..;1'W1'W 3 W'WVi ~fl L'lll.9lfll.9lt'11'Yim"i:IJ 
' 



"1"n"i 2 UffVI.JFhWi1'11U'II£NI'I71JJLianaltn"'IEJ .. rr::vu1wrh (System Reliability) 

1111JJUPJIJ'IIEJvm11wrhihuiJnml'l iJ 2544 

L'1J(Jl'1J'U1J'Vl 

LU~U 

4.95 

13.7 

21.28 

18.85 

324 

884 

1615 

1496 

l'l11:1.JL~8~8 1~'1JEhl1::1J1J (System Reliability) ,i~:;CJnrl1'V!'U~LLI'l::th:; Lij'U 1vWJl11'l 
" 

-r~ Lvia~P~11JI'l:I.J1h::~'Vli'im'V'Iins~1u 1'\'J'1Ja,:mTs1vJvh 1'11mJ1'WLL~'W~ri'1'VI'U~ 11 ri1~" 
.l ' " 

n~11~::ilm1tl'lutl1"11 1 '11L 'V!:I.J1::~:~.~ 1'W1::u:; L 11'l1 2-3 iJ Lila"ll~1m::uu'1Ja"llnTs 
' 

1 vJY:hdJ'U1::1J1J~1 'V!ni LLI'l:: 1·iiL3'UI'l"ll'Vl'U~"Ilnl1~:; Li1'U~I'ln11Ltl~ U'UUUI'l"ll~"ll~fl"ll 1 oiJ 
•t: ' " 

8. System Availability & System Reliability & Power Quality 

r;i1\lnue!i1\ll~? 

~...:nf'W~::Li1'W11vf..,,.::~ul'l11:1.JU1L~a~a'llehl1:-:uu 1vJvh ul'l:-: wn:~.~Li1a~a 
1~'1Ja"111::uu 1 vJvh ~::n~11fi"llLU'V'I1::~P~11:1.J~1:1.J11CJ1 'Un-i1~1u LL ,...,~'U 1 vJvh 1 '11nu 

l'ln~h ru ~~VI~1'V!'tJlU (Point of Common Coupling) L'liilU"Il8V1"11L~U11~mii'U 
" ' 
L ~8"11 1 vJ~u LLI,l]ii1'VIfm1UI'l:: LiiUVI~ LMU1rl1Jn11rl1'V!'U~1::~1J\PiruJl1'V'I (Power 

' 
Quality) '1J8"11LL1"1l~'U1vJYl1'lf'U ~::rl1'V!'UVILU'Url1'1J'U1V1'1Jfl"llLL1"1l~'U1vJVJ1 (Value of 

Voltage) , trn'l!lru::1tl\PI~'ULL1"1l~'U l'l11:1.Jct l'l11:1.J~:I.JVII'l'llfl"llU1"1l~'U1vJVJ1 LLI'l::rl1 
" ' 

Parameter ~1'UI'lrum'V'11vJV11~'U'1 ~m~vh 1 '11atlmru'1vJV1Tvh"ll1'UI'll'l1VILI'l~8'U 
' I ' 



'Wfln'nnm1:J.Jli1L~flnflLL~:::I"l11:J.JL~flnfl11i'i'llfl\l'l:::uu1v-Jvh ~mh1n\ll"l11:J.J 
L'l1:J.J1'lC11 'Wn1'l~1!.J LL 'l\I~'W 1 v-Jw11 ~li'ifl~1\l~fl L ,jfl\1 LL~1 fJ\I)'j~n~\ll1,j\l~~fl\lm<ll1n\l 

~fl I"\CUJl1W'llfl\ILL'l\I~'W1l'lw1 mh1~fli'l1LL'l\I~'W1l'lw1)jfi11"l\I~LlJ'W'ltll"l~'W Sine 
' " 

Wave u~:::)jl"l11:J.J~I"l\l~fl~1 'WYln(;l~n1l1'W(;l11 iJ•rvu'W)'j:J.J1mi;1'WI"lrumw 1 w'W1~ 
'lJ 't .J 't 

Hfn'WLLW1l1~1!.J 1 'WV!ltl!.! htJ~fl :J.J1(JJ'l~1'W EN 50160 -li\lv:::ri'1l1'W(;llTin1'ltl'l:::Lij'W ' .. 
I"ICUL'l:J.Juili'llfl\11"\Cl.Unw 1 ww1~\I.Q 
' ' 

• rl1n1'lLU~!.J'WLLU~\I'llfl\l LL 'l\I~'W 1ww1 

• rl1n1'lLtl~!.J'W LLU~\I'llfl\II"\11:J.Jifl WW1 

• ri11"111:J.JN(;l L~!.l'W'llfl\l'ltll"l~'WLL'l\I~'W1ww1 (Harmonics) 
" 

• rl1LL'l\I~'W1l'lw11~fl:J.J(;l~ (Voltage Unbalance) 
' 

• rl1LL'l\I~'W1l'lm:::Lvifl:J.J (Voltage Fluctuation) 

(JJ1:J.J:J.J1(JJ'l~1'W EN 50160 11i'iri'1l1'W(;llTin1'l(JJ'l1"1l(;l'l!::~1JI"\CUJl1W'llfl\l .. ' 
LL 'l\I~'W 1 WW1~"1(;lf'i\I:J.Jfl1J 1 WW1~\Id 

' 
• 'l!::!.J!::L1~1(1)'l1"1l{;l~\ILL~ 1 trtJ(;l1li' ~'W1tJ 
• vhm'lt'i:J.J Sample Vln'l 3 l'W1Vi 

' ' 
• l11rl1LU~!.l1'W'l:::!.l:::L1~1 1 o 'W1Vi 'llfl\loiifl:J.J~vtlt1i·•nnVJn'l 3 itnVi 

" ' 
• u1ri1LQ~!.!Vi11i'iVJn 1 o 'W1Vi (JJ~fl(;l'l:::!.l:::L1~1fl~1\1Ufl!.l 1 trtl(;l1l1 :J.J1 

' 
L~!.J\1~1~1J"'1nUfl!.!1tll11:J.J1n LL~1U1rl1'1Jfl\loiffl:J.J~ 1'W~1~1J~ 95 % 'llfl\1 

" 
-iifl:J.J~~\Il1:J.J(;l 1tJ(JJ'l1"1L'lflunuri1~n1l1'W(;l11 ihri1Vitli'iilri1fl~1 'W'li1\1~1 

" " 
n11 ± 10 % LLfl{;l\111rl1bL'l\I~'W1l'lw1fl!.JL'WLnru'Vi'~n1l1'W(;l 

" 
v:::L~'W11n1'lri'1l1'W(;l:J.J1(1)'l:i1'Wrl1LL'l\I~'W1ww1~ ± 10 % 'llfl\!Wtl(;l,f'W dJ'W 

n1'l(JJ'l1"1l(;l LL~:::tl'l::: Lij'Wri1 LL 'l\I~'W 1 WW11 'W'l!::!.J::: L 1~1'W1'W 



Measurement penOd 7 days 

10 minute values = r m s or 3 sec samples 

% 

IJ.!o 

ocnoo 241'100 

11 . 3J1~"i~1U11ihm "i\l~u 1 Y~~vh11il\ln1"i 1 Y~~vhthWJ3jll1fl 
LiJum.h\111? 

1~nvt'l1nt'l bb~1 m~ 1 v.J~1 u~t'l:; bb 'l'i\1~ :; n1vtu~nri1m~~~l'W'1Jfl\J u ~\J~'U 1 v.J~1 

(Nominal I Voltage) bbt'l!;rllnl~btl~!.J'Ubbl..lt'l\J'lJfl\Jbb~\J~'W1v.J~1 ~\I 1ul'lfm:;tln&i 

(Normal Condition) bbt'l !; 1ul'lm1:;Qmuu (Emergency Condition) m.n!.Jn\1 • 
l'lm'l:;vi Ln~n-lifli~n-lifl\1 1 u~:;uu 1 v.J~1 .fi\J~fl\Jiim~n1v b 'Vlm~:;vm1 v.J~11t1-ru~1n 
bbV!G'l\1~1 v ~u 1 u'li'l\1 &u.., .fi\Jm~ 1 v.J~1 L'11uni1m~ 1~ nlvt'U!n)Jl mlijl'U'lJ fl\1 bb ~\J~'U 

I " "' 

1v.J~1bbt'l !; m1)J~'1Jfl\1~!;1J1J1v.J~1 (Value of Frequency) ~\Jbbt'lln\11'W~1~1\J 

uttlity generator 

customer plant 

J!l# 3 UiVVIJn7'f<hmL 'iJ vl!J l WrhY/iifi1flf11 uriflliiiYJvhLL 'iM'i'!J W'i::WnJJfil Wrh 
l»nul'lnPh ru •mY!iiJJJau v 

v • 

~jjD01U-IfDV iJqn1111fUn1Wl't'lihlun1A'/1fi~llR~f11tR1Hn11U 



VI1''11-Jif 3 "i'li1h1fi7JJ7!11ij71JWNii!J1Wth (System Voltage) W'l:: Voltage Regulation 

'lla.JnnZwrhit?uiJumR 

"'"', '1J f ', '4!• ,~, ~ H 

Normal Condition · . . . 

Large Industrial 69.115 (Line-line) +5 % -5% +10% -10% 

Medium Industrial 22, 33 (Line-line) +5 % -5% +10% -10% 

Small Industrial 0.38 (Line-line) + 10 % -10% +10% -10% 

Residential 0.22 (Line-neutral) + 10 % -10% +10% -10% 

System Frequency 50 Hz ±0.5 Hz 

'W a n·•nn m'lrhr'I'WvH'l1V1\In ~11'ir 1\1 ~'W u ~1 m'l1 vJYl1f'i1'W11l1m~ il'\1 1v'l 
\1 

rhr'I'WV1l.J1l'l'l~1'Wvl1'W~rumw1vJYl1~L~~1-iia\ln1Jvl1'W Harmonics LLt'l:: Flicker 11 .. ' 
~nv'\1~ ~\lvl1'W"'::t'i1l.J1'lCl~'l1~t'l:: L~~VlL ~l.J L&il.J 1v'l~ www.pea.or.th 

I I " 

I 

II 



'j::;uu1vJ~1 (Grid Network) "1:::1h:::ne:Ju11.Jtii .. ;w 

• ':i::lJtJfl,l§lit (Generations) vl1'r'lii1vi~~l'l'V'ltt.J.J1'U 1vJ~1"11n 

Lrl~EI\Jrl1LUV11vJ~1 (Generator) 'r'l1mL'r'I~\J~~l'l'V'ltt.J.J1'U~'W1 
it.Jvh L U'Un1'j LV11.Jn1'j 1 vJ~1~hv~~l'l LL vi.JlJ'j::; L'Vlr-!1 'VlV 

• ':i::tJtJR\1 (Transmissions and Subtransmission) vl1'r'lii1v1 

LiJu~e:Jn~1\J 1 unw~'V1L'i.J'V'ltt.J.J1'U 1 vJ~1viii'll'W1V11 'r'!qj"'1nLL'r'I~\J 
~~l'l11.J'r'l1~u11.nr~ LV1VN1'Wt'I1VL'i.J u 'j\Jlihl~'W1 it.JvhLU'Un1'j 

~ ~ 

LV11.Jn1'j 1 vJ~1~hv~~111LLvt.JlJ'j::; L 'Vlr-!1 'VlV 

• ':i::tJtJ~TM\b!l (Distributions) vl1'r'lii1vi~V1L'i.J'V'ltt.J.J'l'U 1 vJ~1 
"11m:::uu t'I1VL'i.J LV1V~V1'j:::vi'u LL 'j\J vi'u 1 vJ~1Y1 L 'r'l~1 ~ t'l~ L Vi EJ~1V 
~u11.n~ LV1VN1'Wt'I1V-oi1'r'l1.hv LV11.JlJl'j\J it.Jvh LU'Un1'j LV11.Jn1'j 
~ 

1 vJ~1L'i1'U.fl:ij.fl1~ LL~::;n1'j 1 vJ~1'U~'j'r'I~1\J 
~ 

• anfh (Customers) d'lu~fu'V'ltt.J.J1'U 1 vJ~11 'tJ'j:::vi'uLL 'j\Jvl'U 
v ~ 

1vJ~1yjL'r'l~1:::t'l~ 
'jlJvi 4 "1::: L'l1u11'j:::uu 1 vJ~1"1:::LiteJ~ Lf.J.J'j:::lJUI,lll\11 L1v.J~1vl1JLL1J1JEJ'Wm~ 
~ ' 

Lihtii11.Jtl'UvY\J'r'I~Vl vl\J,r'U'r'l1nLnV1iie:JiV1iieJ.JiJ'U 1u'j:::1J1J 1vJ~1 L'li'U mruLrl~EI\Jrl1 LUVl 

1 vJ~1tln1.J~V1EJEJn"'1m:::uuvivi11l1'V'ltt.J 1 vJ~11l-lt'I~V1~nu 'r'I1EJ 1 vJ~1ttV11\J"''j 1 'Ut'I1VL'i.J 
~ ' 

'r'l1e:Jt'11V-oi1'r'IU 1v 'r'l1e:Jt'11Vile:Ju 1 uL'i1'W'lleJ.J~n~1 LEI \I L Ylv.JU1.JL'i1u 'r'l1e:Jmnn11'r'lli.J 

L'i1'W'lle:J.J'j::;uuui1 ""':::L'i.J~~n'j:::'Vlu 

llieJ~u11.n~v1mJ1u'j::;uu 1 vJ~1L~v1nu 
~ ~ 

LLl'lnlli1.Jnu 1u vY.Jiiii'umJnu~uvi LL~::: 
~ 

U'j:::L.n'Vl'lleJ\Je:Jl'lt'i1'r'ln'j'j~'j1~vY.J'j:::vi'u 
' 

'll EJ\1 m1 ~'Vl'U l1i EJEJlJ t'f'j'jrJ'JJEJ\1 e:JlJ n'jru 
' ' 

(Equipment Immunity Level) vi 
~ 

LLl'lnlli1.Jnu ue:Jn"'1m!uui1'j:::vi'u 
,'¥ 

'JJEI\1~11~~'U LL 'j\J'JJEI\JU qj'r'l1 "':::'JJ 'U 

e:Jtinu"'V1viLnV1iie:JiV1iieJ.JiJuvi"'V11V1'lleJ\J 
~ ' ' 

~ 

'j::;uu L'liu 'r'l1mnV1iie:JiV1iieJ.Jvi'j:::uu~~l'l 'r'I1EJ'j:::uuL'i.J it.JEJ1"1'V'lu 1l-ltie:Jvun ulli"'::: 

L'i.J~~vi11l1~uv1Vi1MuilqJ'r'11iiu1mun11.J LL~::: 1-EL 1~1 LLn1'llu1u LLlliti1'r'11n LnV1vi 

-Ji fli ~-Ji fl\lvi'l::UU~1'r'IU 1 EJ'VIifl 1 'U'l::UU'llfl\1~ nfh"'::; f'!\1 ~~vh 1 '\1~uviViLii'ifui1 qj'VI1ii 
~ 

u1L1NLL~1JLL~::; 1iJL1~1LLrl1'll 11i'i'j1V1L11nl1 



11fltJ~11tJ11'l·h1L'I'l1\l~::uu~1'YI111 v dJu LL1J1JL'I1f.i(P)1'111 b&i'l..! 1 wnml"l~~L'I1f.l 

1 vJ(P)1'111vY\I bb1J1JVil3-i~\l'l..!1'1..!'11~ Lbt'l::bb1J1J~~\l'1..!1'1..!'11~ (b\l'l•'n::1J1\I~l.!~) bb~:; 
' ' 

riaL'!'l1'1lhl!111~LL'I..!1Cll.!l.!L'I1ii1~ru:; N1'1..!~'1..!~bb!llnlii1\lrl'l..! b'lil.! (P)1b~El\l Ul'l~ 
a!lli'/1'Yim~~ t'l1l.!W'1Jbl"l~j,i~n'il (tJ1\IW1~1 1'11'1..1"~ 1JJ) ~tJ~n 1n~bb'l..!11'11f.I(P)1'111 

' d ~ 

~u~1hau1nB 'lJ'I..!UVl bb~::1hb'll1 <if1tJI'l11~'YI~1n'YI~1tJ'lla\l~'l..!~~m~1vJvhthu 
' 

.cJ31ml'l~a"1 '11u1m~tTu~\lvh 1 '11maml'l1 um~bnlflm:: bb1'11 vJvhilfl'iia" bnlfl~lfl1"'~~ 
(Fault) ~~1n VI~ a 1uu1\IL'I.rm::~m~1vJvh1~m'ilL'I1m~Cl~'il::l'l11JI'l~ 1<ii b'Ji'l..! 

' 
tJ~1n!Jm~ru'il1n.tlvii~~~'lJ1ai (vhiJ1) ~uaib'YitiJ (~CltJ'I..!~'lJ'I..!bt'l1) ~tJmrui1111l 

~u1iiu~::~lll1Clnt'l1tJ1vJ 'YI~mnlfl'iiailfl'iia'll1ut;t1u'lla\l~n~f1 biJu~u bb~::<if1v 

il'il~f.Jb'Y1~1,j' ~~ dJu~W'YI!Il'Vh 1'111'lrumw 1 vJ~1~m~ 1 vJ~~1t;/1un3Jml'l~1tJ 1'11~n~f1 
, , 'U 'lJ 

bfllfl Disturbance -71u b'lil.! 1vJ(P)u (Interruption) 1vJn::w1u (Momentary 

Interruption) bb~\I(P)u1vJ~111ln'li'1'llru::(Voltage Sag/Dip) bb~\I(P)u1vJ~1bnl.!'li'1'llru:: 
(Swell) bb~\I(P)'I..!bfl'Ui11'lj (Transient) bb~::l'l~'UI'l11~~~\1~1Jn1'U (Noises) 

Voltage Variations 

Sag Swell 

ueJn'il1ntTum~~1v 1 vJ1 '11nu~n~h~1-Hm~::V11\11 vJ~1Vil3JL'!~Ifl~nuvY\I 3 
~ ' 

bWt'l n'il::t;/\l"~vh1'11bnlflbb~\I(P)'I..!'lJEl\l~:;uu1~L'I~~~ (Imbalance Voltage) 'YI1a m~ 

1-Em~::vm1vJ~1Vil~dJubil\lb~'l..! (Non Linear Load) 'l!El\l~n~f1n'il::vi11'11~1JI'l~'U 
bb~\I(P)u1vJ~1~1'111~Niflb~fJ'I..! (Harmonic Distortion) 'YI1a ~bnlflm~m::b'Vi~~'lle:J\1 
bb ~\I(P)u 1 vJ~1 (Flicker) 



14. lowiu (Outage or Black-outs Long Interruption) f\ee~l-s? 

l"i1LL1\J~'U 1l'lvh~1fl 1'11nut'ln~1 ru ~-v~<i1'VIU1fliil"i1LU'UA'WEJ 1~fl~11tlii 
~ ' ~ 

1:::fl:::L1t'l1~\JLL(;] 1 'UTili - 'VIt'l1fJ.ff11'-l\J ~\Jif.:ffua~n1Jl.Jd:::Lf1'Vl LLt'l:::tJi1LL'VItJ\J~ 
~ 

Lii~ilru'VI1 1~vii1'11 L 'VIlll Li'i~-v1n 1 l'lvh~~1"-v' LLuum11 1 u1:::uu~a"m' 1 V>JY11 'VI~a 
~ ' 

1 u•:::uu'llfl\Jt'l n~111 v~uvl eJ~~uvl1i1" L~ fl\J 'VI~eJ Ln ~.ffu-v1n1:::uumv 1 'W'llfl\J " ~ 

t'ln~1LeJ\J L'liu eJtlmru1l'lv11i1•~ •nvu~'lf'WL~1 LLN'Wil1v1~Hru1 Ll'l1fl1mA 

l'Vl1vlAU ~'U 12J~~vl1JI'I1fl 1 y.J if\J,iiNt'lnd:::'VlUVh 1 lieJtlmru1 l'lYl1~\J'VI'-I~'VIfJ~n11 
' ' 

vl1\J1'W Main Circuit Breaker tlt'lm\J'V1 ~\JifueJn-v1nm11l'lY11-v:::1tilueJ\Jrl'W LLt'l::: 

t'l~ 1aml'ln11Ln~ 1l'lf11~~1\J'V1LL1J1J(l111 L'li'W n11~~A\J/~'U 1lJ1n~LL'U11'11fl 1 l'll111'-I 

111::: llld1'V'V11'0J ~'lfl'U'llfl\J'V~(;]f)'V11\J 1 l'lYl1 
' ' 

1 u•:::uu<i1'VIU1fl 5~~1\Jt'lntl1flLLt'l:::u11\J 
~ ' 

1nH1eJtlmru1 l'lYl1l111'-I111::: &i~ ~\J1:::uu 
' 

Ufl\Jrl'WYl1N1 (Over Head Ground 
~ . 

Wire) &i~~\J1:::uu SCADA L'liiflr111JI'l'-I 
' 

n11~1fl 1l'lLL1J1Jfll111WJ&iLL~11Wii1'W'llfl\J 
"" a ""' .Q ~ 4 o ..... t'l n rn LeJ\J n r111~-v11ru1 l1l ~lll\J Ll'l1eJ\J m L u~ 

" 
1l'lY111i11fl\J 'VI~fl..r~'VI11:::1J1J~I'I1'-I11(1 

~1v1l'l1til~\Ju(;] 2 'Vl1\JL~an.:ffu1tJ1itil1fJ 

15.l'Wn~-w1u (Momentary or Short Interruption) f\ee~l-s? 

l"i1LL1\J~u1l'lY11~1fl1'11nut'lnff1 ru ~-v~<i1'VI'll1viil"i1LlluAu6 Lllu•:::v::: 

L1t'l1tt'W'l (~\ILL(;] 0.7 - 5 1uTVi~) LL~1iiLL1\J~u1l'lY11n~u~um~nrrf\J'VIii\J it" 
L~flnl1 1 1fl1Jtl~n~1J1\J'V1 (Trip-Reclose Cycle) 1uu1\J~'W~fl1-vii~\I LL(;] 1 - 3 

1eJUtl~n~1J1\J'V1 

1'11L 'VIlll Ln~"V1n 1 l'JYJ1~~1\J'V1LLU1J.ff11'1d11 1 'UI'I1fl<i1'VItJ1fJ1\J'V1~~1fJ 1 '\1 
' 

nut'ln~1'11eJ\Jm11 l'lY111~flllld\J 'VI~mn~.:ffu-v1m:::uumv 1 'U'lleJ\Jt'l n~1 LeJ\J L'liu 
~ ~ 

eJtlmrut'lm'hv1l'lY11i11~LLI'l::m::u&1vJY1Tr1 Y111J1 ~u121~'-Ier&&1!J1vJ -71"-v::: 
' ~ ' 
ii N t'l m:::'Vluvh 1 '11 eJtl mru1 l'JVJ 1ViL3J ii u 'VI~\J~ 1 !.l 1 l'l li11eJ\J~ \I 'VI '-I ~'VIfl ~ n11vl1\J1'W 

' ' 
Main Circuit Breaker tlt'lm\I'V1 ~"if uan-v1nm11l'lVl1-v:::ilfl\Jrl'W LLt'l:::t'l~ 



Lflm~nTaiirn 1 '\'Jvhffvn.J"'1LL1J1JmTl L'liu n11tJ1rn~Mtliu H1n~ LL'U1~1u 1 'I'JI?l1a.J 

111::: m1"1'VI1"1rn~fl'U'llfl.J"'rnt'ieJ'Vl1.J 1 '\'Jvh 1 u1:::uu<>I1'V1'1i1u ilrn~1..1~ mi'1uma.J 
' ' " 

111::: U11.JfnH1fltlmru1'\'JYl11?11a.J111::: 11irn~.J1:::1J1JUfl.Jrl'UYl11·h (Over Head 
' ' 

Ground Wire) 11irn~.J1:::1J1J SCADA L¥ifll"l11JI"la.Jn11~1U1'1'JLb1J1JeJI?lL'Ulr!1ibb~1 
' 

~nfi1nl"l11W"'11ru111irn~.J Ll"l~fl.Jri'1 Lilrn 1 vJYl1t'l'11eJ.J ~rn'V111:::uuvi ~1a.J11Cl~1u 1 vJ 
" 
1~~-Jul'i 2 'Vl1.JL~fln~u1tJ11~1lJ 

16. LL,\I~t.ilv.!vhfln-i111W~ (Momentary Voltage Sag or Dip) 

A£Jm:1,? 

~1LL1.Jvl'U 1vJYl11?ln~rn~.J-i1'llru:::i1'li'U1fnb'VI~fltl1:::a.J1ru~.JLLl'i 10-90% 'llfl'll 

YinrnLL1\Ivi'u1'\'JYl1 dJu1:::u:::n~1 o.o1 iu1Vi - 1 u1~ 

wi/6 UfilliJ,Jni1Liilii1Wrhffm,FnffflltJVEJUJUt'U'lfW::Iiitnnuffdilil Voltage Sag 

., #u lu Network t~ll?fi'u 

1rnui1~1 b'VII?l LiirnL11fl.J"'1ni1m:::u~ 1vJYl1ffrn'l.J"'1 1u1:::1J1J 1vJYl1 (Network) 

vi t'ieJm.h'1a.Jrl'U ul'i L'iirn~uvi l'i1.J1.J"'1'VI~fll'i1.J~1uiJ fl'Url'U ~.Jtil"l11a.J~n'llfl.J'li'U1fn 
u 1..1v1~1 '\'JYl1vi l?ln~.Ja.J1tfu "':::.ffum.i rl1J'li'U1fn'llfl.Jm::: LL~1 vJYl1ffrn1.J"11 t'l'1'V1fu 

" 
1:::u:::n~1 (Duration) vi Liirn"':::.ffumin1Jd:::u::: n~1vi Liirn 1 vJYl1ffrn1..1"11 uan"'1n 

" . 
tfutr.Ji1~1L 'VII?l Liirn"J1nm1 1-ETm:::'Vl1.J 1 '\'JYl1vi1onn1::: LL~1 '\'JYl1~.Ja.J1n'1 L'li'U m1 

' " 
L~ a.Jm1::: '1'11.J 1 '\'JYl1<>11'U1'Ua.J1nmh.J11rn L ~1 m1~1?111vla.JeJ Ll?lfl{'llu1rn 1 'VIqj1 u 



Lll~~'ULLU~\!'lleJ\!LL'J\!vl'U (Sensitive Loads) L'li'U Adjustable Speed Drives. PLC 

Controller '1'1~~n1'lvi1\!1'U '1'1~eJvi1\11'UN~'I'l~1~ Main Circuit Breaker ~1'1..1 

400 L1~~ (~rl1'1'1'U~n1'lvi1\11'U'lleJ\IlJl1 1il'J1"1~1JLL'J\Ivl'U1'1'll'l1~1Li'i'U1~L'I'1:1J1 ::tUJ) 
11~~1\I"''J 

nTmn'l1li1ruvn1ua•u1Jih'l&nfh 
w v 

• &i~~\ILL'I'1fl\l<>i1~1'V'lvhLt1'leJ\I L'li'U UPS '1'1~eJ Dynamic Voltage 

Restorer (DVR) '1'1~eJ Motor-Generator L'Viaun1'11il'l)'l'11vl\! nfl111'11 

L'l'1)n::~lJnua1.ln'Jru 
' 

Figure 9 
Common Selective Power Conditioning Devices 

J!ii 7 LLfiVI.JFJllmru'li7llflli1NIYn1:::YiuLda.Jv1n Voltage Sag/Dip 

rlifl-5ay1una.J(IIfi1VIW~7 

• LL~n1\l"''l1'V'lvh~iJa'U1'11nm\l"''li'I11J~lJ (Control Circuit) a an"'1n 

1\l"''lfh~\1 (Power Circuit) '1'1~mL~n11.lf1J"'1nLL'1'1fl\l<>i1~1'V'lvhd1'JeJ\I 

(UPS) 

• llfull'J\1 Specification 'lleJ\!a1.lmcl~jjl'l11lJ 11 1'11~1 3-1 1'JCl'Vl'U~eJ 
' ' all~'l'll'l1~lJ1n~'U 

' 



Jll~ B LLi'lvhJf(lfmrufiiii'I?IJJ Sensitive Tu?.J'V"ii'I?VfjJJ ftii;.mrhTn'liV?Um"it:~§~ 
11f1~11::Jn liimfiVI Voltage Sag/Dip Tu"i::vvhvrh 

• 1.lftJ~\Jn1''i'Vh\11'U'lJeh1 Under Voltage Relay vY\I'lJ'Ul~LL"i\I~'ULLt'l:: 
1:: ~:: L ll'll "il:l.lvY'Ill.lful.l"i\ltll.lrmu'lil~l.lt'lm\l"'"iL~a Lii~ LL "i\I~'U 1 vJi'h~l 

' ' 
(Under Voltage Trip) m~1'U Circuit Breaker ~l'U 400 1ll'll1'1l1 

~eJ~I'l~eJ\Itltl"i::tJtJ 

• Ul"i\lfm~m::uu 1 '\'Jvhmv 1 'U'lJeJ\It'ln~ha~l\lllia LileJ\I(l)l:IJll"i:c: 
' " 

Operation of a DVR During a Sag 
:);,.'rt: .;·;on 

'• 1·'..\Y::::"l 

f.~ ~.t;;;'ll s -,...;·r:-.ins; 
.v F'('l ;.a r,. 1•''1 

L r ~ 
Vdt.1~Fl 
,~111 · f; ~,, 

~~(·JI• :)> · o ~.(I!Wj 

li~luo~~· 

I I:·~ ... : L "AG-L 
-'L~ to::;;E:H 

;.tu: nr.r. lf'"•l (~' 

.1•iP•"<.."'~ 1•!·~"<.'·-·r 

1-'~'l;'('l•<td 

\'ol",i,Jt' 

W~ 9 L!i'ltihmfinm"irii.JIU'll!hJEJI.!mru Dynamic Voltage Restorer (DVR) 
II .J 0 

LWEJun''l'llilOJI11 Voltage Sag/Dip 



l"i1LL1\Il1i'u 1vJvhLiiu'li'·nmd1'llu1tn~\ILL~ 11 o-1so% 'lJu\l'l'lntnLL1\I l1i'u1vJV11 

LiJu1::v:; mn 0.001- 3 iu1Vi 1tnv:il~1L'Yil1l'V1nn11Li'itn 1vJV11trm\I'V11 u1::uu 
' 

1vJV11 (Network) L~fl'lrl'U LL~ Li'itn~'U~~1\11\I'V1 'YI~tl~1\1~1fJUtl'Url'U -z1'1l'V::Li'itn~'U 
vr~m.Jrl1JL'Yil1ln11nl'1Jtl\ILL1\Il1i'u1vJV11l1ln('ltntN'li'1'1Jru:: (Voltage Sag) LL~Li'itn~1\ILvJ~ 

' 
rl'U 'YI~mi'itn'V1nn11LU~fl'ULL1J('l\l'lltl\l.!l11:: 1 vJVl1~:iJ'lJ'U1tn 1 'Yiql n11tJ-r1JLtJ~ fl'U 

LL 1\ll1i''U (Voltage Regulator) a1'Y1-rumru~ Li'itn~'ULlJ'UL'l('l1'U1'U'V:: L~fJWllLL 1\ll1i''U 

1 vJV11 Li'i'U (Over Voltage) 'i1'1l'V:::ilN('l1:;'V11J 'YI1mi'i tnl"i1LL 1\ll1i''U 1 vJV11 Li'iun11 

15-20% '1JtJ\I\'lntnLL1\Il1i''U tlWVh 1~m.Jmru1vJVl1~:ilrn13.J 11~tln11LU~fl'ULLU('l\l 
' 

'lJtl\1 LL 1\ll1i''U (Sensitive Loads) i11tn Lflfl'YI1fl 1~ Main Circuit Breaker ~1'U 
' 

400 11('lvl (~rl1'YI'Utnn11Vh\11'U'1Jtl\lli11l1111'V~1JLL1\Il1i''U 1 vJVl1~\l Li'i'U 1~L'YI3.J1::~3.J) 
'll 

n1·mlil11 
• ~tn~\ILL'YI~\1~1v1vJV11a11tl\l (UPS) 'YI~EJ Stabilizer 

~ 

• Surge Suppressor • ~tnl11\l Over Voltage Relay 

Transients 

Negative Mulllple Zero Cros$ings 

Jll# 10 Ui'lvhlifm:Hu::nt1Lfili1 Transient Voltage zh::wn11h.J7 7tn::uu7rlwi 



dJ'Ul..J~1n!Jn1~nJ~ Lfi ~ LL ~\l~'U 1 WYhLfi'W 1 'W'li1\11::f.l::: L 1i;'nff'W '] ~iirhu elf.l 
n-:h 0.005 i'W1Vi 1~f.lii~1L'YIInLfi~~1nm~~ullfl~EJ1.lmru Capacitor 'YI~EJ 

' ' 
Inductor 'YI~EJ 1'Yifl~'ll'W1~ 1'Yiqj 'W1e-h 1~f.liie-Jflm::'Vluvh 1'11~1.lmru1w'W1ll1:::Ln'Vl 

Electronic Circuit i11~Li'lf.I'YI1f.l ~llmru~iil'l11~ 1111iEJn11LU~f.I'WLLllfl\l'lJEJ\l 
LL1\l~'W (Sensitive Loads) i1~~Li'lf.I'YI1f.l1!ii 'YI~El'Yif.l~m•'Vl1\11'W 

' ' 

~ 

• ~inlll\1 Surge Suppressor 'YI~El Surge Arrester 

• Vi~1~ru1m1~~.ff'W~nEJ'W'YI~EJI'I11JI'I~m~llfl~~uEJ1.lmru Capacitor, 
' ' 

Transformer 

19. fliuityty1tU'1'lJ0'1Ufl'11:1Jg~" (High Frequency Electrical 

Noise) fiae~1'1? 

dJui'I~'W~1Jn1'W'Vl1\11w'W1~~1m1CIL-ih~11n1~~1f.llli'1U1~-i1f.l11.lfT\lm~::: 
1w'W1 1~f.lii~'WL'YIInLfi~~1n Variable Speed Drive. Arc Welder. Power Line 

' 
Carrier Communication Ufl:: Power Conversion Equiptmentsiie-Jflnd::'Vl1J 

'Yl11'11EJ1.lmru1wvh~ ~mw·~·~ 1'W1\l~~Ltiif.l1n'WLfi~m•~un•'W 1 wu~\1~11\1 ' ~ 

m::LiliEJ~ 
m·mn'111 

• 1fJ Noise Filter. Static Var Compensate 

fliluiQ!q!1N"i1Jn1Ufl113Jci,f, (Low Frequency Electrical Noise) 

dJ'WI'I ~'W11Jn1'W'Vl1\11 w'W1~ ~1~1~CI L -ii1~11n1~ ~1 f.llli'1u1~-i1f.l11.l fJ\11111::: 

1w'W1 1~f.lii~'WL'YIII)Lfi~~1n Capacitor Switching. m~llf1JLLn1'llri1 Power 

Factor Correction il\l~::iiNflnd::'VlUvl11'11EJ1.lmru'1w'W1 Variable Speed Drive. 
' 

i'Vlf.I. 1'Vl1rlYn1 Clnd1Jn1'W ' ~ 

n1"iLLn'111 

• 1fJ Noise Filter 



20. fliULL1\1~ul"vhil~L~uu (Harmonic-Distortion) fiee~l1? 

·-
~ A 

II I !1 / /J i If 
j v j ~ J V J V _J 

\ 1\ ll \ ~ i\ 
\I\ d\ i \i \ 

v , 
.. <! ... ·- ' .. ,. ~· .. I'IIIIR .-. 

-"~~--· 

-ru;/ 11 !tfl(jJ.Jifnl1CU::"llfNjlJf'lifum::wvN(jJL !f£Ju (Harmonic Currents) 

" Yidi(j}LiiEJ-J'V7n N~n Linear Load "llfJ-J~nfi7ff-JLV7~j::lJv 

dJUrlll)JNV!b~VU'itlrl~U Sine Wave '1!1l\lbb'i\lvlU1'WVI1 ii\ILnV~"'lnnl'l'Hf 
" 

m1':::1'WVI1'1Jfl\lt'ln~hvnn Electronic Load ~bUUbblJ1J Switching Power Supply 
" 

'VI~fl tJtimru~hldJubil\lb~U (Non Linear Load) b'liu Computer, Rectifier, 
' 

Adjustable Speed Drive, Welder d'Ju~u 

rllrlll)JN VI b ~ vuif"' ::;nnlV~flfln)JlmJ1 U'iU'l!fl\1'41UlU1flVt'l::: (%} 'l!fl\lrll 
" " " 

bb'i\lvlU1'WYI1l;Jt<l;!lti (Fundamental} Ufln"'lnifm1'1'ii Capacitor Lvimbt'11'1ll'i1 

Power Factor Vi1~1~1lflnbb1J1J Filter ~b'VI)Jl:::I'!)J~fl~l)Jfl~~lV1u1':::1J1J li"':::iJ 
1fln11'1'1JV1Vrlll)JNV!b~VU'VI~flrlll)J'itibb'i\lmn~u (Resonance) 

' 
r.~an'1::'ri1J 

• ~tlmru1'WVI1~flli'1v'VIrrnm'ivi1\11U'l!fl\l~'tJ'l-!1ruul~nlbb1J1J Zero 

Crossing b'liti Variable Speed Drive vl1\11UNVI'I'lt'l1V~1~ 

• tJtimru1'WVI1~flli'1v'VIrrnm'ii'!Ul)Jbb~b'VI~n1'WVI1L'VIilvlt1'1 L'liu 
' 
)Jflb!lwfl'WV~l 'VIiiflutll'l\11'WVI1 l'llmrl Lfll'l LfiV~rlll)J1flu LfiV~'I'lrr\1\llu 
1'WVI1~qjb~V (Power Lose) 'VI~flvi11'11m~m1'1'ii\11Uiut'l\l 

• vi11'111ltlmru1'WVI1 Relay, Meter vll\llUNVI'I'lt'llVI 
' 

• vi11'11 Fuse Ufl\lrlti Capacitor vll\llUUflVI"l~\1 'VI~fl (I), Capacitor 

'JJl'iV!b~V'VIlV 
' 

• 1ltlmru1'WVI1'1111'V~ 
' ' 



• t'I1!.J Neutral iJm::bbt'11vJvl11'VIIHii'W 'VI1mii~1'VIii1vJ 

• Circuit Breaker tl~~1\l'V'i 

?I 

Jll# 12 Ui'lvhlJilFtduuJ.Jrfl!JNviL#vu ~LfiVIvln Non Linear Load "'lD.J~nR/W,wff7d'i::JJJJ 
u~::rh Tn~nR7JJ1L ?ru Tn~LRtJ.J lirfv~<~m::nv 

01"iLLnL111 tUbU11£h'ln•1"i lowvh 
• 1"111JI"ll.JeJtlmru1vJvh'll\l~ Non Linear Load vlbtl'Wbb'VIt'l\ln1b'l1~ 

' ' 
Harmonics 'ii'I1~1!.Jflflnl.J1'V1n'1Jfl\l~n~i11iifl!.J1 tHnru't1~n1'VI'W~ 111~!! 

" " 
mJ\leJeJmtlu 2 fi1u ?ieJ eJtlmru1vJvh~1-Em::bbt'11viVl1'1J'W1~tieJ!.Jn-h 

' 
16 bbfll.Jbbtl{ <V::nnl"l11JI"ll.Jbb~::n1'VI'W~ 1~!.Jl.J1lll'i~1'Wfllilt'I1'VIm'il.J 1 VJ!.J 

'lJ 'I 01(1 .. 

l.Jfln. 1448-2544 fi1'VI-rueJtlmru1vJVl1~iJ'lJ'W1~lJ1nn-h 16 bbfll.Jutl{ 
' 

"~:: ~nn1'VIu~ 1~ !.Jn1'i 1 vJVl1-ii'111t1leJeJn'iieJn1'VI'W~ n!J bnru't1 !n{l.JeJti n b~ !.J1 

rl1J 1 vJ\il1t11 :: bilVIil 'ifi 'V bb~:: fl lil t'11'VI n'i'ilJ'lJ fl\l n1'i 1 vJVl11il1l.JlJ1 1il'i~1'W 
' ' .. 

PRC-PQG-01 / 1998 vl\llil1'i1\l~ 5. 6 1~!.Jn1'iW'V1'iiU11il'i1'Vl~'V1n 

'i!:1J1J'V1'111 u~n~111mri1~ l'ifl 1-E1 vJm.i bb~1 bb~::1~!.Jn1'i'llfl'iifll.J~n1'i 
" " " 

r1'1u 1ru?T nH1fl fln bb1J1J u~ ::lil'i1'Vl~'i::1J1J'V1 '11fi1'VI-ru ~ n~111 !.J 1 'VI).j~ iJ 
" 

'll'W1~ 1 'VIqjii'l11 'VIqjl.J1n 'VI1n 1)-j btlu 1tl lil1l.J'iifln1'VI'W~m'i1 vJVl1<V:: 1 i1 
~n~1n~u 1tlbbrll'llrifl'W 
" 

• ~~m'i::1vJVl1-k\l 3 Phase 1iit'll.J~~ 
' 

• 1"111JI'll.JI"l11l.JN~L~!.J'W'1Jfl\l'itll"l~'Wbb'i\lvl'W 1 vJVl1~~1!.J 1 iinu~n~1tiieJ'111)-j 
' " " 

biiuii~~1n~~n1'VI'W~11 (Planing Level) bvlmJfl\lrl'WI"l11l.JbN!.J'VI1!.J~ 
m<V Lii~-7lunueJtlmru 

' 
• l'l11JI'll.J'1J'W1~m :: bbt'l!l1-fll.Jiln'llfl\l~n~1 bbl'i~::'i1!.J~~1m'ii1'i!:1J1J 1 vJVl1 

' " 
'V!:liifl\lflf.JL'W-1i~~1rl~ ~\lbbt'l~\llil1l.Jiil1'i1\l~ 6 

" 



0.4 5 4 2 

22 4 3 1.75 

33 3 2 

69 2.45 1.63 0.82 

115 and above 1.5 0.5 

0.4 1 0 48 34 22 56 11 40 9 8 7 19 6 16 5 5 5 6 4 6 

11 , 22, 24 100 13 8 6 10 4 8 3 3 3 7 2 6 2 2 2 2 . 1 

33 500 11 7 5 9 4 6 3 2 2 6 2 5 2 2 

69 500 8.5 5.9 4.3 7.3 3.3 4.9 2.3 1.6 1.6 4.9 1.6 4.3 1.6 1.6 1 

~115 100054 3 423 3 3 

m1uXl11 luR1U11ih'lantlh .. 
• 1t'l Filter Lvifln'if:l\1 Harmonic 

v 

• V1!.Jlll1LLl1U\InTi~~tli'\l'llfl\l Capacitor 

• L~:IJ'li'U1~'llfl\1~1!.J Neutral 

• ..ij~llTi::1y.J'W1vY\I 3 Ly.J~1Vi~:IJ~~n'U:IJ1n~~~ 
' ' 

/ 

~ ~'iiomN-•ou Ul!IH1~rumnll'lii11um•~>fi•lt•:q•N1Hn11N 



~fl tJ·nnnm·Huv1Lvh1~u1l'l~1vY\I 3 Ll'l~ l1~·i113.1Lvi1nu 1~wl1ri1 
Negative Sequence LiiVI~'W 1 'W"i~1J1J vh 1l11'i1'1JfJ\1'1J'W1VI bb "i\1~1..1 1l'l~TYI~fl:IJ:J.J'Vl1\l 
1 l'l~113J L 'Vlltl'W~\1 3 L y.J~ -li\I<:J~ClnlVIflfJn:J.J11 'W"iU'lJfJ\I~fJ!Jf'l~'lJfJ\Ifl!ll"i1~1'W"i~'WJ1\I 

" " 
Negative Sequence ~fJ Positive Sequence 'YI~fJ ~fJ!Jf'l~'lJfJ\Ifl!ll"i1~1'W"i~'YI11\I 

l'i1Lfl!J\IL1J'W1il\11iiVI<:J1nl'i1LQ~!J'1JfJ\ILL"i\I~'W1l'l~1vY\I 3 Ll'J~ (V ) ~fJI'i1LQ~!J'1JfJ\I v 'I avr 

LL"i\I~'W1l'l~1~\l 3 Ll'llil (IV - Va)max I Vavr : L~fJ Vavr L'VhtllJ V.+Vb+Vc I 3) -li\1 

~1L'YIVI'lJfJ\Ibb "i\1~1..1 1l'J~113J~:J.JVII'l LnVI<:J1nn1"i 11i1l'J'1JfJ\If'ln~i113J~:J.JVII'ltl'W~\I 3 Ll'Jiil 
'I 'I 'lJ 'I 

'YI~fJ n1"i-IVI11\1~1!J 1l'J~TVil3J~:J.JVII'l dJ'W"i~!J~'VI1\I!J11 ~\loJ'WI'i1LL "i\1~1..1 1l'J~1v113J 
' 

lii:J.JVit'ld"~~~\INI'lm~'Vlu~fJfJtlmru~\ld 
' ' 

f.lan"i::YltJ 

• LiiV~m~LL~1'Yif'l1u~1!J Neutral 

• ~~\I\11'W1l'l~1~'l!Li4!J (Power Lose) 

• vh 1l1m vm"i 1-E\11'W'1JfJ\Ifltlmru'1 l'l~1ff'Wt'l\l 
' ' 

• vh 1'r1rl11:J.J1ii1:J.J1"iC11 um"i 1-E~~\I\11'W<:J1n'YI:!JfJ utlf'l\11 l'l~1f'lVII'l\l 

• Circuit Breaker tlt'l!111\I<:J"i 

• Drive 'll1"iVILi4!J'YI1!J 
' 

m"iuti'1.111us'lu1Jihm1"i 1 wvh 
• -IV~.rn"i~ 1 l'l~1vi Li]u LLlJlJ Single Phase 1 'r11ii:J.JVII'l 

' 

n1"iLLti'1.111us'lt.l11ih1anA1 v 

• V1!Jll1"i~1l'l~1viLiJULL1J1J Single Phase 

1'r1~:J.JVII'l 
' 

• -lm1\11ii1!J 1 l'l~1n1~\11l1~:J.JVII'l 
~ ' 

• !11!11~\1 Unbalance Voltage Relay 



LiJurm3J tnn a~ L 'VIil au nu~"' :::uan'l1il qJ'VI1~~ n~f11~fu Lnlil"'1 n~ ru« m~ru::: 
uuu Llil Lvm::: Li1a\1"11n L'U1:::1J1J'lleJ\I~nff11h'UL 'V!qj"J::: hJilLr~~a\lilai'lil (Instrument) 

LL1\Ifi1'U 1vJw1~t'I13J11mJ'UVinrh1~ (Disturbance or Wave form Recorder) 

Ci1\IJu~\l'lleJ LL'U:::'l11ifim1tr"Lnlilr~ru«m~ru:::1vJw1~~nfi11~fuv1"d ' ~ 

lw~u (Outage) 

• hh.h1n!Jl1iJ LL 1\lfi1'U 1 vJW1'VI1eJ~'YI~eJiil1 y.j LLt'llil\lt'lm'U:::'lleJ\1 1 vJi'J1 LLlli~::: 
LvJt'! (LLiil\1 L'VI~fl\1 1_h~'U) ~~ MDB ti11'U 400 11~vl1~:iJ1vJI'Il1\I~'U 

~ 

LU'UL1~1'U1'U~\ILLiii 1 'U1Vi - 'VI~1£Ji113J\I 
• ~nfi1~fu 1vJw1"11nt'11£JiJau (Feeder) L&imnu~\1'1'13-Jiil 1~mvJw11-E 

~ 

• Circuit Breaker nm..J~Iil1\1"11eJeJn (LU'Vn::: Circuit Breaker ~:Om..Jmru 
~ ' 

'li1£Jtl~lil1\1"11L~mL1\Ifi1u1vJw1~1Lnu (Under Voltage Trip) u~:::/'V11a 
:0 Under Voltage Relay tl1:::naumJtl11mvi1Ju t'I1'1'111J Circuit 

" 
Breaker Vi1~:0atlmrufi1\lmh1"1:::1~:0m1tl~m\1"11Ullia~1\l Llil) 

' 
• atlmru1u'll1J1'Un11N~Iil"':::'VI£Jiiln11vl1\11'U~\I'VI3Jiil 

' ' 

lwn::'W~lJ (Momentary Interruption) 

• 1~tl11n!Jl1:iJ LL1\Ifi1'U 1vJW1 '1'11eJ 1~:0 LLt'l\lt'll1\I~'VI~eJiil1 y.J LLt'llil\lt'lm'U::: 

'lleJ\ILW\It'll1\I~'YI~fllil1vJut'llil\lt'lm'U:::'lleJ\11vJi'J1LLlJl~:::LvJt'! (LLiil\1 L'YI~el\1 
,,h~'U) ~til MOB ~1'U 400 11~vl LU'UL1~1i11"l~'U1'U~\ILLiii 0.7 - 20 

~ ~ 

l'U1ViU~1n«u:iJ LL 1\lfi1'U 1 vJW1'VI1eJ'YI~fllil1 y.J LLt'llil\lt'lm'U:::"J::::iJut'l\lt'll1\l 

tl11n!Jn«u~'U3J1Bnl"l~\l '1'11a 2 ~"~~" 
• ~nfi1~fu 1 vJ"'1nt'I1£JiJau (Feeder) L&itJ1tl'U Lnlil LL1\Ifi1u 1 vJw1'1'11tJ 1tJ 

i1r~~ u~:::'YI«\1"11n~:01 vJn«u~'U3J1finr~~" m"':O ~nff1111\111£Jm vJ1-E 

u~:::~1\111tJ1~:01vJH ~"d~ua~nutJ1::: L.nY1 'l!'Uiil ~a\latlmruiJa\lnu 
~ ' 

'lleJ\I~nfi1ulJi~:::11tJ~Iil~" 1-E\11'U '1'11m11'YI'Uiilrh Setting 11lli1\ltl'U 

• Air Circuit Breaker ~1'U 400 11~vi'Luvn:::~:Oatlmru'li1£Jtl~lil1\1"11 
' 

L~mL1\Ifi1'ULvJW1~1Ln'U (Under Voltage Trip) Lu~'U~vl1\11'ULL1J1J 
' 

'11uVi'l1u11il (1~:0 Delay Time) "':::nntl~lil1\1"11aan Lnlil1vJfi1uLiJun~1 
~ 

'U1'UU~:::~eJ\11eJ 1tl"''Unl1"1::::0'li1\l 1 vJW1'lleJ\I~nfi1 Lfl\1 1tltllil1\1"11 (Close) 
~ 



~\lv::l11 'V'lYl11<E~D11.JLLil111u'llru::Juv::l11 'V'lVl1v1nm11'V'lYl1'1 n~u~u 
lnLU'UL1l.'l1'U1'ULL~1n(ll1:J.J 

• d1'1'1f1J Circuit Breaker Vil~l1D1.Jn1nl'-lhv1.Jl.'lm\1"11L~mL1\I~'U1'V'lYl1 
' 

~1Lnu (Under Voltage Trip) !1it1l~\lmJ 'YI~Dl1u~iLllu~uvll1 Delay 
\1 ' 

Time LU'UL1l.'l1 1-3 l'U1Vi "':: 1~l1n11Ul.'ll111\1"11 

• 1'V'lLLl.'l'\ll.'l'l1\l"'::~ul.'l'u'Vl Lllunl.'l1'U1'U 0.7 - 20 iu1Yi LL~1n~ul1LLI.'l'\l 
~ ~ 

l.'l'l1\IL'YiiJ1.l'UL~:J.J~nr1f\l '1'1~1.ll.'l'1.l\lrlf\l 

• D1.Jmru1u'llm'Un11l}.J~(ll"'::'YitJt1ln11vi1\11'U 
' ' 

LL"i'11iul'Wvh~ni111tu:: (Voltage Dip) 

• l.'ln~hvlfu 1 'V'lv1n'YiilmL1.Jl.'l\l '1'1~1.lv1nl.'l'mil1 'V'lYl1L~v1nu Lnt1lu 1\l~u 
\1 

1 'V'lYl1(llnl.'l\l 1u-i1'llru:: ul.'l::'YI~\I"'l1nvii11 V'Jn~ui1lul.'l'l.'l'm1:::1.Jnili en"'lil 
\1 

l.'lni911J1\111Vl11 'V'l1<E LLl.'l:::1J1\111tJ1~l11 'V'lH' ~"d~umJnu1.J1::: L.n'Vl 'llilt1l 
\1 \1 

'll1.l\11.l1.Jmrui:JD\In'U'll1.l\ll.'lnl91 LL~ l.'l :::11tJili t1ltk" H'\11'U 'YI~m11'YI'Ut1lrl1 
' \1 

Setting 11~1\ltl'U 

• Air Circuit Breaker lii1u1::uu 400 bl.'l~ Luvn:::vll1D1.Jmru'li1v 
' 

Ul.'li111\1"11L~mL1\I~'U1'V'lYl1~1Ln'U (Under Voltage Trip) LLI.'l::: Under 

Voltage Relay vi~\lrl1n11vi1\11'W11 Sensitive Lnu11.JD~1\11~mm:::l.'l':J.J 
vlvi1\11'ULL1J1J'I1'WVi'Vlu 1V1 (1~il Delay Time) v:::nn1.Jl.'lt1l1\1"111.l1.ln 

\1 

• d1'Y!fu Circuit Breaker Vil~l11.l1.Jmru'li1tJtl~V11\I"'I'iL~mL'i\I~'U1'V'lYl1 
' 

~1 Ln'U (Under Voltage Trip) '1'1~1.ll1u~Li'Ju~uvll1 Delay Time Li'lu 
' 

n~1 1-3 iu1Vi "'ld~l1m1Ul.'lt1l1\1"'11 



• 1'l'Jbbt'l.\lt'li1\l~:;!illi1i'1113Jt'li1\liil\lb~!.l\lb~ntim.J (hitii'ut'lilVl) dJ'Ub11il1 

'1.11'1.1~\lbblll 0.1 - 2 it.11Vi bb~1nW'uihbt'l\lt'li1\IU11n!Jb'V!iJEJ'Ubtii 3Jiinr~f\l 
~ 

'Vl~El t'IEJ\Ii'\1\1 

• EJ11mru1 'U'll1.l1'Un11N~ tll1.l1\l'lJUii1'Vl~mn\l bi'l~fi\I'Vl!.l li1n11vl1\11'U b 'lit.1 
' ' 

i'IEJ3JYhbtllEJ{ 3JElbtllEJ{111um13Jb~11EJ1.l 1~ dJ'U~'U 

LL1'11vi'ul'Vl~n tl'VlLnu (Under Voltage I Over Voltage) 

• ff'llbnt~m1'l.l~ Volt Meter bbt'lli1\lrl1bb1\lvi''U1'l'Jbn'l.lni1 ±5% 'Vl~EJ ±10% 

'llEJ\IWnli1bb1\lvi''U1'l'Jvhlln~ bi'lt.~niil1'U1'U~\Iulll 3 t.11Vi 11t.~11111i1 v3J1mrn 
1111n!J 1t.~'li1\lb11il1 12.00 - 13.30 'U1~m 14.00 - 14.30 t.11~m 

18.00 - 18.30 'U1~n1 dJ'U~'U 

• 1'l'Jbbt'l\lt'li1\l ~:;bl'iWiilli'l i'I113Jt'li1\l dJ'Ub11il1'1.11'l.lni1 3 t.11Vi 

LL1'11~ul'Vlm::LYiilJJ (Flicker) 

• ff'llbntll~'VliilEJ1i11'l'J'l'JiilEJm 1t'lb'lit.1 'Vl~EJ'Vliil EJii11~m\1'1Jilli1 bnlll d'lt.~r~~'Ur~11 3J 
" 

t'li1\lmmlEJ!Jt'IW1.ltl'U111 1111vilr~113Jfim1t'IW1Jll1:;mru 1 - 10 Hz. 

(1EJ1JlliEJi'U1Vi) vi'11·f'hnli11:;r~1m?iEJ\IlliEJt'11!Jtll1 bbG'l:;m13JEJ\Ib'I1'U 

b '11 EJ\1~1 n1:;uu t'l1 !.l~1'V!U 1 !.l'll EJ\1 

m 11'l'JY:h dJ'U1:;uut'11!Jb'VlUEJtii'U 1111v 

t'11t.1 1YlqjriEJt'111\1~1vt'11vtl11111'1Jilli1ViL~ 
ilu'U 1'Ul13J ~ :; riEJt'111'11111tll13J u '1.11 rl'U'U 

' vl\I'U1'Vl~EJ1 'U1J1\I~'U~nil~'U 1ii ~'1Jt'I1'U 
' 

br11Blii A~vi EJ ti1n ~ nu u '1.11 t'11!.l 1 'l'Jllfl ni1 
.. 'IJ 

"j:;v:;11G'lEJii1i1vvin1'Vl'Uii1 11 '7i'llbnl!l(ll1m 

1~ Ell.i o.J1tll1l1'm1 1 'l'Jvht!lli1VIEJ'U 1~ bii v 
bnli1'V'l1 !.l'Vl~fliil3J'Wii1m:; 1 '1Jn1'U bb 1\ln~ :;'Wii1'V'l1 bfl1A'111ii3J1 ff3J N' t'ltl1.lt'l1!.l 1 'l'J b -ii1 dJt.~Niil 

' ' 
v111l1 bnV~m:; bbt'IL 'l'JV11W'Ii11\1~111'U b ,j v\1~1nl'i1m:; ut'lvi'\ln~11~:; iluimru3J1n'V'lvvi 
~ :;v\'11 '11~11mrulli1'11'1 1 'U1:;u u bwv'Vl1!J 1~ vi'\IJ'U1:;uu~\l~v\lil~umrum1~<ru 



n•:.; LL~Lih.i'lilnl'l LLt'l:.;lll'l'I1\I"''Jfihuvl Lfil'l-iiail'l-ii a\laan"'lm:.;uu Ll'lm ~1vl ~l'lriauvi . . 
atlmru~1" '1 vlilm:.; u~~m""~' 1 Vlt'l "huil'Jl'l L~tJm t1 Lfil'l~u • • 
b ,j' €J \1 "11 n n' \11 ~ (l n t'l :I.J vr wvn :l.Jl 

'IJ 

ff:~.J~~nu~lti 1 v.J dl u1:.;t1:.; L 1iil1 LWtJ\1 

i11'1~ (Temporary Fault) 0.4 - 2 iu1Vi 
'IJ 

Vl~\1"11mXun~l'IVl1M\11~m1aamh\1"11n 
~1tJ1'V'Jn~u~u~.rm:.;tln!li V1~ant'l11an 

ut~VIti'\!Ma ~'WLVI(il'li€J\ItlruVI1vlvh1ii . ~ 

Lfi l'l n•:.; LL~1 v.JV11 if(il1\I"''JJu 1~ ~\lu 
(Clear) 1tJ b ~ti1J~€Jtlbb~1 bb~1 'U'llru:.;Ju 

atlmruiJa\lnuvi~mu1'V'Jvh1aidJm""~' . 
1tJ L~tJu~amL~1 vh 1 ii N'vl1-ii1 'V'J1 'W1\I"''J 

'IJ 

~\lnt'l111MutlqJV111v.J~u uan"11nJu 

bb~1ir\liltlqJV11~nihtJ'll'11l'l (Leakage) LYltJ\1 L~niiatJ ut'l:.;i'Jm:.; u~ 1 v.Jvhf1 1 Vlt'l 

t'l\l&i'U (Leakage Currents) il'\11 'U~.fl1Vl€J1n11'ltlnili"'dl.itl'J1n!J€l1n1'J bb~b~€1 1l'l 

fl(ill:~.JvliJ~mVlmmrT.ffuVI~aile.Ju(iln t'lnll1tJ~\Int'l11"1:.; dJu~1 L Vl(il'li€J\In1'JLnl'l1 v.JV11 
'IJ • 

~m""~' Lbuu-i11'l'J11(il1:1.J:I.J1 LLt'l:.;L~a~mVl~1 1tJLnl'lu ii"anl'lf\1 (Lila""~lnml:~.J 
~au'lla\lm:.; LL~ 1v.Jvh~m""~') t'lnll1tJ~"nt'l11n"':.;~1:~.J1'Jn Hl\llu 1aitJnili L ila\l"'ln 

'IJ 

1 u•:.;uu'41VIU 1 tJiJ t'l n ll1 t1 a v d'iutl1 :~.J1ruVIt'l1 t1 ~ 1u t'l n LLt'l:.;tl"'"'U'UiJ\11l-li1 atlmru 
'lJ 'lJ \) q q 

Vl bl'lB1 'Un1'J(Ild1"1~1J 1aiaV1\I'J1l'l b ~1 i1 q]VI1~\Int'l11~\l~ €1\1 HJ b'. iil11 'Un1'J1.1lbm 

t'l nll1tit'l\l:l.l1Yil'I~€Juil'\l~ a\1111 L 1t'l1'U1'U'W€Jn"'1nJu,:.;uu~1tJ'41VI~1tJvlavmtJ 1 u 
'IJ 'IJ 

L'll(llf1'll €1\lt'l n~>'h ria~~l\lilil'l~\la!.i1 u~uvlil'.J:~.J iil.fl11:.; "" Lbiil:.; 1~ilm'Ju1'J.J~mnvl ~ 
'lJ 'lJ 'lJ q 

Vla n dJu~1bVI(il'lJ€J\In1'Jbnl'l1 'V'JV11il'l-iia"1ariJ'...., 1l'lmhu 1VInh~mfil'l bVI(illYn 1l-lu~"1ii . ~ . 
m• 1 'V'JVl1Yid11J'hLfil'I~'U 1ut'11'U'li€J\I(il'UL€J\I LLt'l:.; L~a L~1VIii1vl'lla\lm'J1 v.JV11aan 1tJ 

(il'J1"1~€Ju~1LVI(il1 u'J:.;uu'41'Vf'U1tJ 1 ut'11'U'li€J\In1'J1 v.JV11 LVltJ\I€JV1\I L~tJ1 nm"'1l-l'Ylu • 
ilqJV11vlLnl'l~umh\ILLVf"'1" 

~\IJuL~ mfil'l1 'V'J~u L i1 €1\1"11 n~1 LV!(il ~\lnt'l11-ii1\l~u~u ~"~ €J\I'J€Jb~1VIii1vl • 
'lla\lm• 1 'V'JV111tJ(il'J1"10lauVI1 011 L Vl(il1 v.Jvhil'l-iia"riauvl"':.;"htJ 1 'V'Jn~u~u 1 ii'iilnfh "~:.; 

• 'IJ 

L iiu11 L~ a L ~1VIii 1vl'li€J\Inl'J 1 v.JV111tl(il'J1"1 ~€J1JV11~1 L Vl(ilfl"J:.; 1l-l'Ylu Lbt'l:.; L~€JYil'l t'l€1\1 . 
il V1 n ~u1\I'I'Jii nl'lf\1 n ff1:1.l11Cl-i1 t1 1 v.J1ai EJ !h.nJ n~1a.J Lii V1'ii Eli V1'iiEJ\Ia n il'"il '!J'VIl~" 
n t'l11vh 1 ii t'l n fi11ai-ru 1'111:1.l b~ EJ l'I~EJ'U LfiV11 v.J ~u blJu b 1 t'll'U l'Ubbt'l:.; iltJ•:.; :l.ll ru:~.Jl n ni1 

'IJ ~ 

~atJt'l:.; 30 'lla\1'41u1w'VIVlm•ruVf"VI:I.Jl'l m•1 'V'JV11~"1a1111 Lm'J:.;uum•iJl'ln~u 



1\J"J'j 1~£JeJVJlt.ur~ (Auto-Reclose) m1-E'hJ'j::uu<i'1'Yit.ilv Ll'lemniJqJ'YI11 'I'J~udJu 
mnu1u Ll'lv1lifln~h1~"Su 1w'i'hn~u~ufl~1\J'j1VJL~h 

" 
bLliifi1'YI'SlJ b'YIVJn1'jnJ~ d'i~ 1V'I~lJbblJlJCJ11'j (Permanence) b'li'U 'jfi£J'U~'li'U 

' 
L~1 !iiu 1ii~l-l'l'l1VJ~1£J 1w liu ~1l-J1'jfiVJ'j1"1~fllJ'YI1~1 mVJ1~unfl1liivl-l1 

' 

24. L~ElLii~ 1-wvh~urh l:~J~\Il3.iVJ,-,tJna1~1ul-wnatJfiuviuuumJ? 
Lil v LnV~1wvh~m\J"''j 1 tw1v<i'1Y11i1v bLL'l::vtlmruilv\lnu~ ~mil1 'I'Jvhii 

' 
n1'jvJ1\11'U( bij m\J"''j) Ln VI~'U ri1 m:: LL~ 1 V'1Vl1 ~ VI1\J"''j~\Jn~11"1::iitl~m ru~ \ll-l1n 

" 
LLL'l::L'i1'YI1mi'iVJ1 V'IV11~m\J"''jUfl£Jr1~\lnfl1"1vi'11livtlmru'1 V'JV111u'j::uu L'liu 'Yiiifl 

' 
LLtlfl\ln1~\11vJvh~~mili1'jVJ L~V'YI1v 'YI~flfl1£Jm'j 1-E.J1u&ufl.J1~ ~\lliuLil LnVJ 

' ' 
L'YI~n1'jnJ~n'l!lru::~\ln~11rifl'W~b~1'YIU1~m'j1V'JVl1"1::~"11'jru1.J1v1V'In~u~u~m'l'l 

tl n!ii !'i nr1~ \1 ~\1</1 d]utl\'v\1 VJ'j1"J ~fllJ'YI1~1 b 'YIVI bLL'l:: un1 '1JUqj'YI1ri fl'U~"' ::.J1 £J 1 'I'Jn~lJ 
' 

~u ulii b ii fl\J'j:: v ::vm ~1£J<i'1'Yili 1 V'lJfl\1 ulii t'l::~n1il"':: ii rl11l-l £J11'j1l-Jii ri1tK\I Lbtli 

200 - 400 1\J"J'j-n1flLl-lVJ'j 'YI~vtl'j::l-J1ru 20 - 40 1\J"''j-n1flLl-lVJ'j/~1vilvu ~.Jliu 
L ~1'YIU1~ n1'j 1 V'JVl1"1::1ii fl\11-E b1fl11 'Un1'j Llii'U'V11\I b l'Jv1tJVJ'j1"J~fllJ'YI1~1 b 'YIVI'lJ fl\1~1£1 

' 
<i'1'Y11i1vvY\I'Yil-JVi1 u~1vilvuliu'1 hlirvvn11 0.5 - 1.5 i1ll-l\l bbfl::'YI1n'l'llJ"'~~ Li'i~ 

' u qj'Y11 u~1 b ~1'YIU1~n"':: ~1l-J1'j(lt)'j:: biju 

'j::£J:: b 1fl11'Un1'j~1LU'Un1'jbLn1'1Jut'l::bb~\l 

1li~n~1'Vl'j1lJ L ¥! vtlfu LLN'Un1'jN ~ VJtJl1\l '1 
1~ LLliiLiifl\1"11mhu1'YinilYn1l-i'l'lu~1L'YIVJ 

~ ' 
'lJfl\IU qj'YI1~\I!il fl\liJ'nTiWll"''YI1~1 b 'Yitl) . 

m.l1\lfl:: bDVVIDnrl~\I'YI,j\1 -li.Jvi'11li!iiv\11-E 

'j:: v:: L 1 fl11 u n1'jVJ'j1"1 ~fllJ'U 1u LLL'l:: 1l-l' 

~1l-J1'jfllJfln nfl1~"1::.J1v 1wn~u~u 1~ 
u "'::ii fln~1<i'1'W1'Ul-l1n'l'l £J1£J1l-llii Vitli m -if1l-l1 

lJ1\J'j1£J 1l-i~1l-J1'j~liiVitliv1v'l vY.JifLii fl\1"11n 1u'1Jru::liuii 

fl n~1'j1 v 1iu '1 n"1~\lnfl~1 £J'jfli'i'1VJfllJ'YI~fl LL ~\I L 'YIVJn1'jnJL 'liw~ v1numJ dJu<i'1u1u 
" ' " 
l-l1n 'li.J1 uu1\l L'YIVJn1'jru'1l-i~1l-J1'jfl LL~\I'YI~fltl'j:: d1u~m'Un1'jnJL 1fl1~"1::.J1v 1 vJ 

' 
n~U~'U 1\i'i lVi!.JL\l'l'l1:: 1'1.Jmru~ LfiVI1 V'JVJnVJ1rJ::'UfJ\IiJt'll-J LL 'j\J LLL'l:: LfiVI-iffl'JTVI-iffl\1 

'l'l1fll-l'1 rl'U'Yifl1£J"'VI 
' 



1r;,v~11tl11ilqth::L'I\I~'llu\lm'j&ir;,ik\ILI'l~u\ln'1Lu!il1'Wvhmv 1u'j::uu'llu\l 
~ 

filn~h:Ovl'\li.i 
" 

• Lviufilr;Jrh1'Wv111u'li1\l Peak 1r;,v"':: L&iuLr~~u\ln1Lu!il1'Wv11 Luvn::1u 

'1i1\l L1fil1Vi1 'W~1:0'j11'11 LL Vl\ln':h~e.J~!il 1-:ihu\1 

• Lviuw1:wr~11:wlfur~\11Vfnm::uu 1'W~11uiii1u~~1~'!J lr;,v"':: L&iuLr~~u\1 

n1 L U!il1 'W~1 LLVn~1V 1 -w1 Vlrll.JI11'j!; 1 'W~Tvi:Or~11:1J~1~'lj~\I:IJ1n'llfl\l 
filni>'h 1r;,vuvnuunl?i1\1Vnn"'1m::uu'llu\ln1'j1'W~1 Lviuliiu\ln1'j'j!:l.Jl.J 
" 
1'W~1~:0r~11:Wlfur~\1~1:W1'jnl'l11.JI'l:W1~ 

' 
• Lvi fl Li'JULL'VIL'i\1~1V 1 'W~1'jfl\IQnLU'UL~fl'j!:l.Jl.J 1 'W~1"11nm'j1'W~1 Ln!il1 'W 

' 
vll.J L!ilfJ~11tl"'!:flfln LLl.Jl.J 1 VlLI'l~ fl\1~1V 1 -w1 Vi nutm::1 'W~1 dJwVlv\1 

U1\llil'1u"'un'j:;~\ICi\lvY\I'VI:W!il'llfl\l'j!:l.Jl.J ufil::"'::n~u:w1-ru 1 "W"11nm'j 1 'W~1 · 
anr~f\IL~u1'W:W1!il1:Wtlnili~LL~1 

• Lviu HVl~\I\11'Ufl~1\1:0tJ'j::~'VlTII11Vl 
~1Llluliiu\IH1ml1~:0r~11:Wvl'U~11u'llu1'Un1'jN~!il~ujlh Ufil:: L!ilULUVl1:: 

fl~1\l~\11un"'n1'j~:0'li'U1!il1'VIqj:w1n'1irn"'::&i!ilvY\I Boiler. Turbine LLfil:: 

Ll'l~fl\ln1 L U!il1'W~1'h:Wfl~~1V vl\ltT'Utifln"'1n"'::1~Vl~\I\11'U 1mJ1 U~1 
" 

1J\11~Vl~\I\11'U 1'W~1L~:wan (Co-Generation) vh 1Vfm'j 1-ii'l'l~\1\111..!:0 
tJ<j::~'VlTIIl1Vl:W1n 

A 26. ~::LI~lt.!Lfl~il\lfhLil~ l~vhti'IJ1\Jfi1J~::1J1J11£h'I01~l~vh 
fl'l~vhmh\ll "i? 

~1'1'1-rm::uu~ iil'l11:1JU'j!: ~\1~"1 :: L&i'ULI'l~fl\1 n1 L ur;,1 'W~1'li'U1'U (Synchro­

nization) nm::Ul.J'llfl\ln1'j1 'W~1tTu filn~h~:0Lr~~u\ln1LU!il hJ~1"1::1iiu\I~'UL~fl\l'llfl 
" 

fl11 'lJ1!il L&iwr~~u\l'llu1udhnm::uu 1 'W~1'llfl\ln1'j 1 'W~1riuu vY\Id n1'j 1 'W~1"1:::0m'j 
~"11'jt:U11'111:1J L 'VI:IJ1:; L'!:IJ LLfil!: l'l11:1JU fil fl !il.fl V'V11\I ~1'Ul ~'l1m'j:IJ'lJ fl\l'j!:l.Jl.J 1 'W~1vY\I'll fl\1 

filn~1 LLfil::'j::uu'llu\ln1'j 1 'W~11 wnru::tfu 1~wfil ni"i1"1::1iiu..:~&ir;,vY..:~utJn'jrulJu\lnu 1 Vi 
" " ' 
l'l'jl.J~1'U!il1:1J'j!: Lij V1.J 'h~1f!n1'j L&i'U Ll'l~ fl\ln1 L U !il1 'W~1'li'U1'U L 'ii1 nm::l.Jl.J~1'VIU 1 V 

'llfl\Jn1'j 1 'W~1~1V ii\l~1:1J1'jn~fll.Jmm1Vfil!: LaV!il LLfil!:'llfl Ul.Jl.J'Wu{:IJ 1~~ nfl\ll~V 
'VI1mhJn\11'Un1'j1 'W~1~ Vfu1m'jLLrivhu 1~ 



l~H.JyY l1tJ1 'U'lJ ru::vi 'l::1J1J 1 'V'JVh'lJB\In1'l1 'V'Jvh Lfi V1'1iV1i B\I'Yl~ B 1 'V'J ril1J n~:; 

n1'Yl'WV11li Lfl~B\In1LilV11 'V'Jvv1fi1'lB\Iumuw~3JL~'U (Start Up) Lfl~B\In1 L ilV11 'V'Jvv1 
' 

dJ'ULL1J1J Hot Stand-by 1iriB'U U~::'l'f~B3Jvi~::~1~1'V'JVIV1LLVI'U1'V'Jvi~1~~1nn1'l 
1'V'Jvv1'11uYi 'Yl~B'Yl~\1~1nYi1'V'J~1nnT:i1'V'Jvv1'Yl1~11ldJuLl~1 10 - 15 iu1Yi 

U~ ::'Yl1n L~B 1 'V'J~1nm'l1 'V'Jvv1n~1J~'U\'if'!t11l::tln ~Bnfl~\1 (Restore) n~:;vh 
m'l1~ni:h~m'l::VI1\11'V'Jvv1vi1'u~1n Lfl~B\In1L~V11'V'Jvv111l1u 1 'V'J~1nm'l1 'V'Jvv1iinfl~\l 
VIV1LLVI'U LV1~ 1'iiB1lmrul'i'V1~BU1J1JeJ(IILWJ~ 'Yl1B Automatic Transfer Switch 

' 
(ATS) u~1'U'lJru::tf'ULfl~B\Irl1LUV11'V'Jvv1ih::iJ\Ifl\IL~'UdJ'UU1J1J Hot Standby B~Bn 
ll'l::mru 10- 15 u1Yi 1iriBuvi~:::i1m'l'Yl~V1L~'ULfl~B\I (Stop) ~\lifLYlB1li LLtih 

' 
-;h~::hJd'iV11'V'Jvv1'1iV1'iiB\ILnV1~'Wiinfl~\11un~1viil\lfl\l Hot Standby mJ LL~B~1\Ih 

" 
fi~mn d'iV11 'V'JVV1'1iV1'iiB\I~'UBnn~:;f'!13Jl'lb1~1~ 1 'I'JV1V1 LL VI'U 1~'11uYi L'li'Ufl'U 

~l~iEm'lL~ni:h~ LL 'Yl~\1~1~ 1 'V'Juuud~::vh 1\1 LnV1u 'l\llil'U 1 'V'JVV1'Yl1~ 11l d'Ju 

'l::~:; L l~1j'U'l 'iJ\IB1~3.11n~B.yjVll 1\1 B1Jmru'1 'V'Jvv1vi:i1 fll13J 1lf'!\l LfiV1'iiB'liV1'ii B\1 
' " 

~'U 1~ !il\ltf'Ufi1'Yl1'1JB1Jmruvi:i1fll13J 1l!il\ln~1l~\l<i'1 d'J'U!l\B\I'Yl1 LL'Yl~\1~1 ~ 1 'I'JV1V1 U VI'U 
' 

L'li'U UPS 'li1~~1~ 1 'I'JV1V1 LLVI'U 1 'U'lil\l.yj LL 'l\l!il'U 1'V'JVV1'Yl1~ 1tJ1 'U'lJru::viihm:;uu 1 'V'Jvv1 

d'lu'l:: ~:: L 1~1«u '1 u~ fi1'Yl1'm::uuVi1~ ti!B\1 m'l1li Ln V1 u 'l\l!ilu 1 'V'JVV1'Yl1 ~ 1u1 u'lil\1 

'l::~:;n~1«'U'l !il\ln~1l nf'l13.11'lbl 

L~Bn 11f n1'lbl·1~ L Vl.ll1'l:: 1 'V'J¥11 LL1J1J 

Synchronization nm::1J1J'lJB\Inl'l 

1 'V'J¥111~ LL~'I'll'U~:;ti( B\IBBn LL1JU'i::1J1J 

UB\Irl'U 1 'Unl'l'lJ'U1'ULfl~B\Irl1LUV11 'V'JVV1 

1lin ntii B\1(1113J'l:: L1i~u'lJB\Im'l1 'V'Jvv1:i1 
" 

fll13JU~BV1ll~ 

!il\ltf'U 1 'Unl'lrl1'Yl'UV1rl1 u 'l\l!il'U 

1 'V'Jvv1 u~:; n~1vi<v:: 1liL~3JL~wfl~B\In1LilV11 'V'Jvv1 ~\lm'lVl<v1'lru11liL'Ylm::f'I3J u~:; 

f'liJ(IIfl~il\lrl1Jrl1Ll~1U(IIn~m\I'V'leJ(IIL'U~~ (Reclosing Interval or Dead Time) 

1uin~UB'Uvl~1~ 1'V'J1\1 'iJ\Im'V:i1rl1LL(IIn~1\lrl'U l(ll~vYl11J:i1'l:;~:;Ll~1~\ILL~ 
0.7, 1, 2, 5, 10, 15 LL~:; 20 l'U1Vi ~\lifvl1'Uf'I13Jldblf'!B1Jb113.1'iiB3.1~!il\ln~TJ1~.yj 

" 
m'l1 'V'Jvv1vi1liu~mdLLrivi1u 1~(11~(11d\l ~\Iii' LYlB 1livi1'Uf'l13.11dbl~(lll'i11'ii~1~ 1umd 

L~'ULfl~il\ln1LuV11'V'Jvv11V1~1~<S1Luu 1~ 



L~mnl1l1vJw,~m\l~';i-7lu1u'l::uuLL~' ~:;iJ~G'Im::'VlunuG'In~il1~ 2 'Vll\1 ~l.l 
" 

• ~o~tm":i::YI1JYI1\I~R":i\l ~l.l Lnl1l1vJ~u 1vJn::vv~u -71'u1ul\l~":i~Lnl1l1vJw1~11l 
'1\l~":i vh 1Yi1l-liJm:; uiil1 vJVl1~11.1 1Vi1ul\l~":i'l'l~l.liii11JiJI.l'U~\In~1'1 

V'llll-l":i'Wii":i\l'lii.J\IiJn ''~'~l~G'Jn~11 'Ul\l~":i~ Lnl1l1 vJVl1~m\l~":i1~1u l.ll~ijr-11 ' ·~ " 
U(Jinlii1.Jnu111-71'um.Jnu'lil.JnG'I1~~u L'liu 'lil\1 Peak 'YI~I.J ":i::v::nG'ITVi1vJ~uu1u 

" 
L'W":il:: Li!l.l.J~ln 1 'U1J1\In~m":il-!G'IY'i1 L~V'YilV~::iJr-hmn '111mnl1l1 vJu1un'l1 s - 20 

u1Vi -71'u 111 
" 

Bangpa_in 
. kV 

\ J-------It--- ..J 
Faun w 

. kV 

NODE 
. kV 

Tp 
. kV 

Jlltf 13 UIVVIvl'hU'ivvJ!JlWW'Win-ff?11nJ::~IVn1ih ~hv'T tifmfiVIlWrhtfVI?v"''i 
~11J~urhtfvJhvaanli1 60 nu. 

• ~o~tm":i::YilJYI1\IemJ ~I.J 1 u'llru::~Lnl1l1vJw1~11ll\l~';i~a,viJI.lu~u'~'~~l.l~ 

ii!m\11 vJVl1~umJtTu ~ :;vvu11'llru:: L~ Vltl'UG'I n~h~fu 1 vJ~lniill ViJI.lu/ 
" " 

'"~":i'~'~~l.l ii!mti1vJw,~u1 Vi1l-l1~Lnl1l1vJw1~11ll\l~":i'il1\l~u lh::l~-ru 
U":i\l~u1vJw1(JinG'II1lG'I\Iil'llru:: (Voltage Dip/ Sag) dJwlG'11~'W'1 
L'liunu 'it.JY'llii":i.J~u 1vJw1~(JinG'J.Jil'llru::~.Jn~1'1 m~~::ij~G'Ivh 1Vi Air 

Circuit Breaker ~1'U":i::1J1J 400 1'1G'IVJ ~l11'1J~\In1'ivl1\11ti'lll.l\ll.lllmru 
' 

(JI';il~~u ii ';i\l~u 1 vJw1~1 LnuVi1l-l i 'l'll-Jl::ii!l-lllG'Im\l~';i'~'~~l.lvh 1 Vil.lllmru~ 
' 

ij V'llll-1 1 llii l.lnl":i ill~ U'UiLUG'I\I'lii.J\1 U ":i\I~'U 1 vJw11 'U'li1Jd'Un1":i~~ (JI'f1~ l1l 



'11::.Jn 1tiifurr:mJ bNEJvn v:ff'U 11ilt~v~ nfh 1~vrnu~1 b'VII11 ~ .. nT'U"':: b li'W11 

b~mii~ 1vJw1~~1\J"'<:ff'U 1'Ut11'U 1~; 1 'U<::uuN~I11 <::~u~1vt1\Jbb'i\J~\J 
" 

(m<1vJw1~1EJN~111"1) 'VI1EJ 1'W~1EJL1\J ~1v~1'VIti1v 1'W<::uubb<\J~'U 115 

kV. 'llfl\Jn1'i 1 'VJW1'VI1fl~1EJ~1'VI'Ii1EJ 1 'Ut11'U'llfl\J~nfi1'Vl1\Jtil1'U!ii'UJ1 (Up 
" 

$tream) 1 'Ufrliin1T~flEJii1~ UJI11'i -it\JEJ~L 'U~'U~ ~'UViln ~flfln 1thnnfi"':: 

iiN~vh1~Lii~ Voltage Dip :ff'U1tiin\JLL~11L~1'VIii1~'llfl\Jm<1vJvl11J<::~1 
Viv\Jfi'W~1 ~u1m<nu~nfi1"1:: 1tii~ LL~<::uu L~1~1v 1 vJvh 1'W~'U~fu~~ 

" " 
'ljfllJ"''U 1~ii1 vJw1i~iifl\J 1 'U~'U~'lJfl\1 111'Ufl f.i1\J~ b~ mJ bb~1 fi1111l.J 

l"l11l.J1'U bb 'i\J'llfl\JUqJ'V11~ ~nfi1 bb~~::'i1EJ 1tiifum"'iil"l11l.J u111n~1\Jn'U ~\Jd 
:ff'UEJVtllJ1..ld:: bll'Vl'llfl\Jii"'m'i l"l11l.J 11 (Sensitive) 'llfl\Jfltln<ru~flm'ibll~EJ'Ubbl..l~\1 
'llfl\1 b~'i\J~'U 1 vJw1 m<tlfu~\Jrhm<v11\11'UVil~ b 'VIm:: ~l.J u~:; m<flflnLbtJlJd::uu 

b vi mv\Jfu unt 'llUqJ'VI11 ii:'l1\J'VIu 1 

n1'irl1'VI'U~rl1 bb'i\J~'U 1vJW11111l.Jl.J1111'ij1'U EN 50160 "1:: dJ'Um'itl'i::bij'U 

1'11 bb'i\J~'U 1 vJV11111n 1 'U1::v::m1 bb~N1'VIftJri1Lb 'i\J~'U 1vJV11~ 111n'li'1'1Jru::J'Uii<::v:: 

n~1&'U'1 tivvn11 1 i'U1Vi 
~ 

~\Ju'Uri1l.J1111<j1'U'llfl\J 

u 'i\J~'U 1 vJV11~ ri'1'VI'U~I111l.J 111111\1 

~ 3 biJ'Url1bb'i\J~'U1vJV11~n1'i 
1vJlV 1~1l.J1'i(li"'11JI"' l.J1~1'U . 
~m1::tlnlli Lb~:; ~m1::u mil'U • 
bb 111' ~·1'VI'iu1J bb 'i\1 ~v'U 1 vJ lV 1111 n 

'li'1'1Jru:: (Voltage Dip/Sag) ~ 
Lfi ~i 'U 1 'U'll ru:: 1 vJVl1 tf ~1\J"''i 
(Faults) ii\Jii~1b'VII11"11n.rlv • 

lid<l.J'l1111i (w1~.h) mr~b'VII11 (<nv'U~'l1w~11vJV11) vtlmru1vJV11i1<~ iff111-l (\1 'Un) 
, , " , 'U 

!ii'U 1~bbl11::~1v 1vJ n1<v11\11'U~~~~1~'llfl\J~tll)u~\11'U'VI1mii~ 1vJV11i~iiEJ\Jmv 1'W 

t11'U~ni91J'U"':: hb1l.JEJEJL 'Ul.J1111'i~1'U'llfl\J bb 'i\J~'U 1 vJV11~ ri'1'VI'U~ 1 i-it\1 dJ'U'VI~nm'i 
" " .. 

b~mnu~tll)u~'lJEJ\Jm•1 vJw11 'U~1n~ b'li'Un'U 



L~amh1n\JilCJJ'Y11LLi\Jiilu1'1'Jl'h~n'!i'1'1Jru::tfu lYnmh1LtiLil" 3 iJ~ ~a 
'1J1.J1Vl~11"111)J~n 'j!;!J:; L1t'l1~LfiV1 LLt'l!;l"ld1)J~'lJa\Jn1iLfiV1U i\J!illJ 1'1'Jvh~ni1'1JCU!; 

1uLL~t'l :; LLtJtJ !il\Jtfu 1umiW"V1iCU1 un1 'llU'lJ'YI1 U i\J!illJ 1 '\'J~1~ni1'1JCU:;tfu~\J~1 dJu 

Vi til a\J'Vli1tJU1)J1 CU'lJ a\J'111.J 1 V11"111 )JilJ LL i\Jyj ii ~a a 1.1 niru Ut'l!;l"l11)JU1"V:; dJu'lJ a\J 
' ' 

1aml'!miLn V1'hii)J1nuav L Vlv" 1V1 vr".Q L vi a 1 Vimit'l\J'VllJ LLn1 'llilru'YI1iil"l11)J L 'YI)J1:; 
' -

I'!)J LLt'l:;iil..li:;N'VlBtnW)J1nilu 1V1vvi'111.1 LL~1~m~ru:;'lla\JUi\J!il1.J 1 '\'J~1~ni1'1JCU:; 1u 

i::tJtJ~1'YIU1!J'lla\Jmi 1 'l'l~1'1 1'!1)J1i()~1 uun~1)Ji:;uu LL i\Jiilu 1 '\'J~1 iil\Jif 

• i::tJtJ 22 kV. ii~1Ui\Jiilu1'1'l~1~ni1'1Jru::t'h1.J1'Yiqjiil"l11)J~n1.11unt'l1\J 
n\J~a1.J-iJ1\J)J1n Ut'l::iii:;!J:;Ldt'l1 uavn-h 2-3 l1.J1Yi 

• i::tJtJ 115 kV. ii~1Ui\Jiil1.J 1'1'l~1~ni1'llru::~11.J 1'Yiqjiil"l11)J~n~au-ii1\J 

uamLt'l::iii::v::nt'11ff1.J'1 ...Uavn-:11 1 iu1Yi 

10'1--------------------, 

.. 
. !: Q) 6Dj---- ---------------i 
E g ; sor-....--------- -------___: 
& ~ •ut----------------------' 
~ > 3Uj-----------------~ 

0.1 o.z 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.1 1.2 

Duration (Second) 

wi 14 UfllilvR7WN~!JlWYhllln'irncu::ftdilil#u"lJvtU1::llll 115 kV 
II 

?u1i'lv1::ll::L'l1'17n711111'l"lilil 150 r~miflwrh-?u 

L~mnV11'1'l~1~V11\J"Vi (Faults) il~ 1ui::tJtJ'YI~ai'!1!Jilau"V :; ii~t'~vh 1Vit'ln~h 
'IJ 

~1u1'1'l"V1ni'I1!Jilau~LiiV1 Faults 1V1!JV~i\J LnV11'\'Jn:;w~u 1'\'Jiilu {LLi\JiiludJurru!i') 
'IJ 



'WDn"Vlm.i\m~'HJ\lilN~vh hi Ln~rll LL 'i\I~'W 1 vJ~l'lJD\I'i~uu (Network) 1 u~uvl 
u~nru1n~L~V\Inuv1Ln~ Faults ilriltlln~~~\lil'llru~m~D 10 - 90 % 'lJD\IYln~ 

LL'i\I~'W d'J'W'i~fJ~ L1~lJ'W'I 1J'\Irll~\lnrill1fll"Vilrlll-lln'V'Wvi"V~'Vll 1l1Ln~ilqJVIl 1tii 

• Incoming Circuit Breaker 'i~1J1J 22, 33, 69 'VI1D 115 kV. vlnl'VI'W~ 
m':i'V\'l\ll'W'lJD,11L~fl U 'i\I~'W 1 vJ~l~lLfi'W 1~t'lflV11'1~fl\IU~V11\I"V'iflfln'Vh 1\1 

Dtlmru1 Y'J~l~ \I'VI).J~'VI u ~nl'ivll\ll'W~ \I'VI).JV1 ~\l,f'W~\ll'll'itlfu tff \1 
' ' 

Under Voltage Relay 1l1L'VIm~\'I).Jn1JDtl mru1vJ~lLL~~'i~1J1J'lJD\Inl'i 
' 

1 w~l1\1ff).J~'WTI'nu 

• Main Circuit Breaker 'i~1J1J 400 11~Vi vlnl'VI'W~nl'ivll\ll'W'lJD\11L~V 
LL 'i\I~'W 1 vJ~ltll'l Lnu 1~ t'ID~I'I~D"tl~m\l"V'iDDn 'Vll1l1 Dtln'iru1 vJ~l 

' ~ ~ 

~\I'VI).J~'VIU~nl'ivll\ll'W~\I'VI).JV1 
' 

L .Q fl\I"Vl n nl'i L fi ~ LL 'i\1 ~'W 1 Y'J~l til ni1'1J ru~ Li'J'W N ~ n'i ~'Vl1J'VIl\l eJ fl ).11)'\lij fill ).J ~ 

1'Wnl'iLfi~).Jlnn'llnl'iLfi~ 1vJ~l~1J 1 'Wt'llUUD'Wvi~lU 1\1nu~nfh 1t11Utll'i\l ~\ltT'Wnl'i 
" 

Yl"Vl'irultlfu ~\I nl'ivll\ll'W'lJ fl\1 flU n'i rui'J fl\1 n'W 1\1 L 'VI).Jl ~\'I ).I nu flU mru1 Y'J~l1 'W'lJ1J1'W 
' ' 

nl'iNfitll LL~~'i~1J1J'llfl\lnl'i 1 Y'J~l1\1ff).J~'WTI n'W n"V~\'Il).Jl'ifl'lfltl~~iJqJ'VIl1 Y'J~l 

'ilV1-iiD\11tii LL~~"Vlntl'i~t'lum'iru'lJD\I~nfflrih'W1ml) L~Dtlfu~\l~tlmru Under 

Voltage Relay LL~~'lJUlUL1~l'VI1l1\lnl'ivll\ll'W'lJfl\l Under Voltage Trip Device 

'Wl'W~'W LL~1\'Il).Jl'ifiLLniJqJ'VIl~\lmh11tiJN~&i 
m.Jl\11 'intlll).JflUn'iru1vJ~lv/ill'l1l).J 11~flnl'iLU~ti'WUU~\1'1Jfl\l LL'i\I~'W 1 W~l 

' 
L'li'W Adjustable Speed Drives , Computer , Programmable Logic Control 

{PLC) nfll"Vflnti ~V11\I"V'i'VI1D'VIU ~ nl'ivll\ll'Wok\I'VI).JV1'VI1D L VJ U\11Jl\lfh'W 1~tJ 1~'Vl'il1J 
" ' 

t'llL'VItll 1~u~ Incoming Circuit Breaker 'i~1J1J 22, 33, 69, 115 kV. u~~/'V11D 
' 

Main Circuit Breaker 'i~1J1J 400 11~Vi 1:!-iilm'itl~m\I"V'iL~uii1tii ~\l,f'W~nffl 
" 

1'11'i~nl!nLL~~~~~\IflUn'icU UPS LviD'li1ti~~N~n'i~'V11JL.Qfl\I"Vln Voltage Dip 
' 

1tiiL'liunu 

wJi 15 LLNflhlfihmni-J'liEJ-J Under Voltage Trip LLI.'I:: Under Voltage Relay 
11 

~c#vtl1::nau?i,nu1u Main Circuit Breaker 400 Volts 



~\ltT'U 1il n ~1ViLtiifuil qj'Y11 ~" n ~nih\! Lii'W ~" ~Tii1 nTi'l VJU'U Vi noii v)J 1il ~1\1 '"~ 
" " I 

~\JV11'i1\l uiil:::t.h'iiv)Jiil1 wihnt11oii v\1~ bnV1~'Um>'l'i1'JL'Iv1J'Y11L'I1 b 'YI>'l~1)Jnuii!nlii1 wvh 
" ' 

'iJVJoiiv\l'llv\ln1'i 1 vJ.Yh b¥iv'YI1 bb 'U1Yl1\ln1'i bbn1'll~B 111 

32. L~flLfl[;ILL'i\I~Ul~vhfln-i'l'liW~~~LLfl1'llilU1\Il'i? 
Yln~{"~ bnV11 vJvh~m\l'l'i (Faults) ~'U 1 'W'i:::uu 'l:::i1wt'lvh 1 Vfl'i1 bb'i\l~'U 
' 

1 vJvh'llv\l'i:::uu (Network) 1 'U~'U~u1 nru~ bnVJ Faults i11'11>'lniilV11il\l'li'1'llru:::'ii\l 

m'li11'i1b'YI~v11'i:::mru 10-90% 'llv\JVlnVJu'i\l~'U dJ'Uniil1&u1 'YI~v b~uni1 
Voltage Sag or Voltage Dip 'ii'l1'1:::i11'11u>'ln~1\ltl'U>'l1)J~'U~'YI~BL'IC11'U1vJ'i'l1 'llv\1 

'i:::uu 1 vJ'i.\11 uiil:::'l1nL'SCilii~ >'l'i1'1lV11tii'llv\lm'i1vJ'i'l1'W1J1111'i:::)J1ru~vuiil ::: 70 'llv\1 

<i1'W1'Uoiiv)Jiil~\J'YI)JVJ wui1i11'11u 'i\l~'U 1w'i'l1>'lm'YI~mlvun11 85% 'llv\JVlnVJu 'i\1 
" 

~u 1 vJ'i'l1-li'l11'11~·msh1i11'11)J1n'Wv~'l:::riv 1 Vi bnV1ilqJ'Y11tii1'U~ rumw 1 vJ'i'l1~v~1ln'iru 
~i1~11)J 11~Bn1'ib1.l~t.J'Ubb1liil\l bb'i\I~'U 1 vJ'i'l1bllumh\J)J1n b'l.i'U :J.Jm~a{11fu~11:J.J 
b~1'iv1J (Adjustable Speed Drives), Computer, Programmable Logic 

Control (PLC), 'i1:J.J~\l Main Circuit Breaker 'i:::uu 400 L'liil'¥1 ~rh'YI'UV1n1'i 
vl1\11'U'llv\l~ biilV bb 'i\I~'U 1 vJ'i'l1lll"1 bn'U hi ii!BVJ~~ v\1 L'f1).11'iC11liilm\l'l'ivvn LVJu hi 
<i1 bU'U (Over Protection) v\'11 Vl'll1J1'Un1'iN~~Lilv\l'YitJV1'1J:::.3'niil\l bnV1:J.Jiill'i1~11)J 

' " 
bi'lt.J'YI1 u~1:J.J:J.J1 ~\ltTuiiln~1~i1v11mru~i1~11:J.J 11 ~"~1'ii1m'i~n'l!l1 ufl:::~VJ b~~u:J.J 

" ' 
~11mrub ¥i mbn1 'llUqJ'YI111L'l1\l'YIU1 b'l.i'U u 'YIL'l\l·•hu 1 vJfl'1'iv\l Un-interruptible 

Power Supply 'YI~B UPS. 'YI~vVl'l1'iru11.lful'i1n1'ivl1\11'U'lJB\l Under Voltage 

Relay bbfl::: Under Voltage Trip with Delay Time ~acimv1'W Main Circuit 
" 

Breaker 'i:::Uu 400 1'liil'¥11Vi b'YI)J1:::L'f)Jtl1J'i:::uu 1 vJ'i'l1bbiil:::EJ11mru'1vJ'i'l1'1:::L'i1).11'iC1 
' 



'li1viil~n'V11fl bbn1 'lli1 'lJ'Vll~\lnl'il11~ i"d b ~ fl1 ~ nTlllfutff \lri1m"l"vfl\ll'W(l]1\l'1 

ilr111~ b 'V1~1:; tnJi!u~\ll'l1"l"ilm"l"~m~11 'W"i1Viil:; bD v~n (!]1\l '1 'V11fl'V111mi'u b ~1mhvi 
'llfl\Jnl"i 1 V'JVl1 bbiil::~1l1nM1~1'WI'lDUl1~ 1 V'JVllrifl'W~"' ::v\'1 b tium"i 

~\lnl'i11'i11\l~'Wbb~1 nl"i 

1 oiitm::vm1 V'JVl11l"i:: btl'Vl 

Non-Linear Loads viil 

'1J'Wli?11'Vlo.i tlfi!1~l"if:l~\l 

c-Jiilnd!:'V11J(l] f)"j!;1J1J 1 V'JVl1 

'llfl\Jiil n~1mv1ubfl\J hi 
" 

b'li'W Adjustable Speed 

Drives. Computers. Arc 

Welder. Electrical Arc 

' 

Furnace ii\l"'!:ilNiil'l'h 1 ~biil?11'11l~NI?1b~V'W'llfl\JI'l~'Wbb "i\l~'W 1wVl1 (Harmonic. 

Noise) vi"'~n(l]fl~1~1oii\l1'Wrl1Jfl1ln"l"ru1V'JVllfl'W'1 bbiil::vh1~fl1lmru1V'JV11fl'W'1 bli~n 
' ' ' 

nl"ivll\l1'WN 1?1~iilll?1 'V11fl'li'1"il?1b~V'VllV 1~ b'li'Wn'W 'Wfln"'1nd !T\lilfil1 b 'Vl(Jl'Vl~nfin 
' ' 

fi!lb'Vlll)'Vl,j\1 ~fl nl"ib~'Wlil1V (Wiring) vi13J~nil'ffl\J ii\lrihu1'Vloj"'::bllum"ilii1?1~\l 
fi!1V~'W bbiil:; m"i(l]m.Jln (Bonding) Vi13Jn nil'fEh'lii.J"'::rifl1 ~ b!il?1c-Jiil b~V'V11 v(l]flflllmru 

" ' 
vii11'111~ 1111ii 1~nvm"l"bli1?1 Transient b'iil~1\l"'"il'l11JI'l~'llfl\lfl1lmruEh~n'Vl"iflUn~ 

" ' ' 
~ill'lll~ b (Sensitive Electronics) 1iii ~\11'11 Power Quality Parameter (l]l\1'7 

ii.Jm"'"'::v1l1 ~flllmru'lJfl\liiln~h bn~n'iifli~n'iifl\11~ 
' " 

nl"ibbn1'1l~\11'11"l"il bl'l~fl\lilfl1 'Wnl"i(Jl"i1"1fi!fl1J~ b 'Vlm::fi!~ bvifl'Vllfi!lb'Vl(Jlnl"i 
' 



34. n1~~~1lll'W1-HntJ Sensitive and Electronic Equipment 
fl1ni1tl f.i1\1 l "3? 

Lil El\l•nnm..Jmruv1~1'111l-J 11 (Sensitive) ~ElnTHtl~m.JLLtlt'l\l'llfi\I LL 1\lvl'U 
' 

1 ~vhviiJEl'U 1 '11tTt.~•h LlJ'U~El\l~n11Elfln LLum::uu 1 '11~1l-J11mfl\l-ru 1tii LLI'l :: l'm"'~Elu 
rifl'Un111-E\11'Uvl\ld 

• ln11"1~El1Jrhu 1\lvl'U 1 ~vhvi"'~n 1-ii\11'U"'~\Il1~rhu 1\lvl'U 1 ~i'l1in1l-J Name-
' 

plate 'llfl\lfltlmrun1'VI'U~11'VI~El13-l 1~t~1-ii Voltmeter 
' 

• ln11"1~El1Jn11~El~1tl 'li'U1~~1t~1~ut'l::~~~fl~1\1'1 ~1'111l-J'VIt'l1l-J'VI~El13-l 

• 'li'U1~'llfl\1~1tl Neutral 1'111~'li'U1~~1mvhnu'VI~mnnn11~1 tl Phase 

1.732 Lvh 1t.~mril<l1t~1vh::uu 3 L~~ 1'11nufltlmrutl1::LJlVl Single 
' 

Phase 

• ln11"1~fl1Jl1~El\113-l~m:;u~1~l'l11'VII'l1'U Groundl Conductor 1'U 

Ground Conductor LLt'l::~1tl Neutral Conductor ~El\113-l~m'ihnu 

Ground Conductor v1"1~il'U11n'1 'Ufln"'1nv1~L)J'U (MOB) Ly;ti\I"'~ L~tl1 
' " ' 

• 1\1"11v1<11tJ1~1'11LlJ'U1\1"11v1<11mil'V'l1 :: 'VI~El13-l (Dedicated Circuit) 

• ~n11"1~Elu~11'111)J~'U Elru'VIJli1 'llfi\I~'Uvi!ii~~\lfltlmru 'VI1n~m'V'l13.i 
' " ' 

L'VI)J1::~l-Jnufltlmru ii1'111ii~~\lfltlmruilt.~L~)JL!ii)J L'li'U LI'I~El\ltl-ru 
' ' 

fl1n1rl 

• 1t.~m1v1Eltlmruv1~El\ln111'1rum'V'l1~i'l1~\l 'VI1n-5~-iifi\I"' :: ~Nt'lL~tJ'VI1tJ 
' ' " 

)J1 n vi \ItT 'U n11W"'11 ru 1!ii ~~\I 'VI~ Elln11"1 ~flU~ tl m ruvi'li1 t1 t'l ~ N t'l m ::Vlu 

til1'UI'Irum'V'l1~i'l1 (Power Quality Mitigation Systems) L'li'U Power 
' 

Filter, Power Conditioner, Isolated Transformer, Battery Back Up 

System 

• ln11"1~fl1Jl113-l~ Ground Loop 

• "~~ut.~Vin~fi!iii''U nt'l1 v1Ln~1~i'l1on~n-iifl\lv1~Nt'lm::VJu~Elfltlmru Lvifl 
' 

'VI1~1L'VIIn~1)Jtl1Jn111~i'J1~El1tJ 
' 



35. n1"5'L~hJ~1mL"5'"~1L~£1~1t~1~n1Jvlln"5'ruvl Sensitive • 
fl'l"5'Vhmh" h? 

flT~bb!Jfll\l<i"ibU'I'n :: (Dedicated Single-Phase Circuit) hwm"i~lrll'l 

~1'U1'Ubbt'l::'li'Ull'l'llf.l\ltn"i:: 1 'I'Jvh~'U'J ~iilf.l<ilflbbN\11'\'J'Wl (Distribution Board) 

blihnnu by;f.lL'll'INL'lm ::VJu~Bl<~bnl'l~u'J::l111\ltn1 ::1vJ'Wl~iilBmJ·'h:,,nu Ll'ltJnl'J 
'IJ 

bbflflfll'J:: 1 'I'Ji'll~il'li'Ull'l1l1 o.j b'll'U lJf.lbli!f.l-!f.lf.ln!ill\ll11n d1'111'1J Sensitive Load 

~ii 'li 'Ull'l1l1o.j (10-30 Amp.) fl1'Jbbflf1~1!JbU 'U1\I<i'JLl'I!JbU'I'n :: bbiil dll11'1J 
. . d ~:~~ a- ..,..,. ...... 0 d v ...... 

Sens1t1ve Load VllJ'li'Ull'lbt'ln (1 -10 Amp.) VllJL'lfl'l!lru::fll'J'Vll\ll'UVl flt'll!Jfl'U 

L'lllJl'Jbl!il f.l~1 l-lmi1 'U1\I<i'J b~ !J1rl'U 1111 bbiil nl'li'Ull'ltn'J::1 vJ'Wlvi'J1lJrl'U~\Il1 lJl91 bb~1 
'IJ 

<~::~B\11a.ibnu 80% 'llf.l\l.rm::1vJ'W1L'I\IL'Il'lvi~l!J 1u1\I<J'J,Xu 
'IJ ' 

36. v1.ln"5'ru'Ji'Jt~a~Nan"5'~'VI1Jilru't'11fltwl1'W lw?hvlilfiv Sensitive . .. . 
and Electronics Equipment fl'J"5''Vhmh"l"5'? 

ri Buvi<~ ::'111 ~tlmru1l'lm'll1 !Jt'll'l Nt'ln':i::VllJ<Jl nil qJl11~ru.rnw 1 'I'Ji'l l~\11"111 
ii m'J~mnii\ltl1mru'llf.l\l N t'l m::V11Jl1 ill-l t'l rilfl11lJ bihml v b 'Ill v\11l'l bb~1~\lrl f.l v 

'IJ 

w<~l'Jrul b~ BnBtlmruvi b '11m:: L'll-lvi L'll'l~\11111uiYT1m'JlJ bbt'l:: bYT'J'l!lt~YrlL'Ili!-!m'Jt'l\I'Vlu 
'I 'I doll 'I 

ll11v b,j f.l\I<Jlfl1 'U1Jl\IUqJl111J..im<~L'IllJ1'Jmbn1'111111~\ll1lJl'l bbiilf.ll<JL'IllJ1'Jbl'll1!Jt'll'l 

Nt'ln':i::VllJ 1111 bU'Uth'U 1l1n.i Ll'I!J 1 oiib~'Ut'l\!Vl'U~ bl1lJ1::L'IlJ ~\l,r'Unl'Jb~ f.l flW<il'J(Ul 
~ ' 

bb'U1Vl1\lm'Jbbn1 '111l'lv HiBtlmrued 'J,ru~\l~l btlwiiB\Iiim'J~n'l!llriBuvi'l b tium1 

1l'lvvid<~:: 1rii bb u::ti1Btlm~'1 um'J'lll!JL'll'INL'lm::'Vlu 11~\ld 
' 

• TVSS (Transient Voltage Surge Suppressors) bU'Uf.ltlmru~Hi 
' 

Iii B'llulunur m ::1 'I'Jv11 b vl B'll1vil B\lnui:l rul11 bb 1\l~u 1 vJ'W1 b i'iui1fl~vi 
~ 'IJ 

bnl'l.:ffuf.l~1\l"ill'l b~1 b'll'U i'l1~h Capacitor Switching bU'U~'U 1l'I!Jnl'J 

Clamp bb'J\I~'U 1 vJi'l1L'l'1u~ bi'iu 1l1L'lt'l\ll:'i!iiu bbt'l::vh 1 r1 bb 'J\I ~uvi~l!J 1 r1 
'IJ 

m1:: 1 vJ'W1ih :: ~uvi ii fllllJtlt'lf.ll'IJl!J Ll'l vtln6i<~::iil f.lf.l!J'vi Main 
'IJ 

Entrance 'llf.l\lf.ltlmru 
' 

• Isolation Transformer bvlB1-iiiJf.l\lrl'U Sensitive Equipment b,jf.l\1 

<ilflbnl'l Transients, Electrical High Frequency Noise, Common 

Mode (Neutral to Ground) Noise bbt'l::<J::Hi1111NL'l~mndll11'1Jn1'J 



Uv\!rl'UU'lJ'VI1~1n Common Mode Noise 1~fln1'~ 1~ Impedance 

aum~nu1'VIiil~ b-rimh1'14 Transients ;jr111~1i1ii1\! 
' 

• Filters oB\!UU\!vvmtlu 3 'lfW~ ~a 
- RFI Filter b-ria 11! Block ff'lJ'lJ1N'l1Jn1'W~1n 1 'VI iii~~ bU'U High 

Frequency Noise b'ihmf.l11~1'11fl1W 

- Low Pass Filter b-riv1'ii Block ~'lJ'lJ1N'l1Jn1U~bUU High 

Frequency Noise ~1n1'VIiii~~'W'1 b'ih~1'VI1 Sensitive Equipment 

- Harmonic Filter b-riauv\!rl'WU'lJ'VI1n1'lbii~ Resonance 

• Voltage Regulation b-ria1'iitJ1ubb'l\!~'W1WV111'14;jrhmJ1u'Vln~·Iw\! 
" 

vtlmru'1'V'JV11vU1\!b'VIm~l'l~ 1~fl1'iiatln'lru Power Electronic b-ria1'14 
' ' 
1'11~1'lnvl1\!1'U 1tiia!.l1\!'l1~ b ~1mfl 1 ub1iii1Uvfln11 o.oos 1u1Vi 11"~~ 
'li1mbnil'lJ'VI1b,jfl\!~1n Voltage Sag/ Dip 'VI1a Surge 1tii ~1'VI1u1u 
'l~1J1JU'l\!~1~d'ii Ferroresonant Transformer 1um'liil~e.Jiiln'l~'Vl1J 

• Power Conditioners (Low Impedance Load Regulators) b-ria 

1'iibbtlU'lJ'VI1~1'VI1u~tlmrutl'l~bf1'Vl Switch Mode Power Supply 

Loads 

• Uninterruptible Power Supply (UPS) b-ria1'iibbtlU'lJ'VI11'14nu 

atlmru'1 'V'JV11~ Sensitive b ,j fl\!~1nilru'VI11 'V'J~u 1 'V'Jn ~'W~lJ Uiil ~ u 'l\!~'U ' ~ 

1wV11f.lln'lhnru~ (Voltage Sag/Dip) 1tii ~1'VI11Jb'Vlr11uhti~1'iinu;j 
'VIiil1n'VIiil1fJ~v Batteries, Capacitors, Mechanical Flywheels 'VI1v 

Super-Conducting Devices ~\!ih~fl~b1iii1Uiil~'li'U1~rl1~\!~ UPS 

~~1'!1:1J1'l(l unilru'VI11tii,!'U ~~~'UvUtllJ b'Vlr11 u 1iilv~ Uf.llnlii1\ltlU 
~ " 

• Voltage Sag Mitigation System vtlmru~1'W1nd~~;jm'lvl1\11'W 
' 

~ 1"1 au'ii1\!Vl b1'1'12! ~ \ld ~~1'11~1'ln'li1fliil~ e.Jiiln'l~'VllJ bit v\!~1ni1 'lJ'VI1 

Voltage Sag/Dip ~;j'li'U1~ 50% 'llv\!Vlrl~bb'l\!~'W1WV11 bU'Ub1iil1 10 
~ ~ 

Cycles ;j'li'U1~~\!bblii 2 kVA. - 20 MVA. iiuv!.lnum'lvvmb1J1Jbbiil~ 
" 

r111~(if a\!m'l'llv\1 1 'VI iii~ il~~uu!J\I;j'l1r111"i vu'ii1\!bb 'W\1 uiil~;jr111:1J 
' 

iu'iiaumnn'i1 UPS 

• UPS and Backup Generator ~vn1'lvvnbb1J1J'l~1J1J1W~1'14 UPS 

~1fl1w1'14nu Sensitive Equipment 'Vl~bb'Vlu1u'llru~Vi1W~1nm'l1WV11 

~lJ 'VI~\!~1n,X'W~\!1til;jm'l Start Up Motor bbiil~-w1a:IJ~1fl1W'Vl~U'Vl'U 
UPS liia1t! 



37. Harmonics t1aa::1,? 

?1 11 r1 ~'Wrl'11a.J ~~ :0 rh dJu ~1'U1'U b vJ1'lJ 11\l r1 ~'W r111 )J ~ l;J fl!1'U (Fundamental 

Frequency) l'i1'VIfu 1u,-:::uu 1vJvh~:Or~11)J~l;Jfl!1'Utvl1nu 50 Hz. ri1~1f)J1Jiln 
n"l ::: :0rilbvJ1nU N bvJ1'lJ1l\l 50 Hz. b'li'U ~~1fa.J1lilmi1vlU~ 2 "1::::0r!11a.J~bvJ1nU 
2x50 = 100 Hz. , ~~1f)J11ilmi1vl'u~ 3 <~::::0r~11)J~ tvl1nu 3x50 = 150 Hz. 

dJwiiu 

v1\JJ'U'VI1n .~ mi1 tmr~~u~1f)J1liln 1 ua"1vl'u(l]1\l1 a.J1'i1)Jnur~~ur~11)J~ 
)Jfl~1u.zf\ltU'U'itlr~~u Sine Wave "111\l Vector u~1n<J ::: :Owavh1iir~~uwa~-wfi 
~i:Or~11)J~I?lb~V'U (Waveform Distortion) 1l-ldJu'itlr!~'U Sine Wave 

" 

38. Harmonics 1u,::uu1\ivhLn~;lu1~au1\11,? 
bU1l\l<J1n'(u1ltlmru1vJvhvhiJu Non-Linear Load -7i\l:OumJ\ln1 til1?11vJvh 

' 
dJuuuu Switching Power Supply t'liu br1~1l\lb~1la.J1vJV11 bl?l1'VIfl1l)J1'v'JV11 

'VIfl1ll?l'v'J a 11m 1m 'llu~1-ii~ t~n'Vl'i1lil n~m a1~'Vl mJmrur~1l)JYl1 tl?l1lf )J1Jbl?l1l{tlfu 
" ' 

r111)J b 11111u 11tlmru Rectif ier .zf\l1ltlmrut'VIfi1if<~::::Om'iutla\l1 'v'J<11n 1 vJV11 
' ' 

m:::tuH~~u 1tJtilu 1vJV11m::: u~l?l'i\l Ll?lV 1-iim.Jmrutl'i:::t.n'Vl Power Electronic 
' 

1 'Un1'iv1'1?l(l] 111\l</'i 1 vJV111l U1\l'i11?l b 11 bbfl:::'VIfl1Vrlf \11 'U'VIit \l'itlr!~'U bb 'i\l vl'U 1 vJV11 
" 

m ::: ••~ ~~u 11?1 v ~tlmru1 vJV11vl'\lnfi11<~ ::: :O~tl r~~u m::: ••~ 1l-l tilu t ii\l t~u nu~tlr~ ~u 
bb 'i\lvl'U 1 vJV11a.Jfl~1'U " .. 

UL1 

~ ~ ~ 100 120 1.., 

Zfdl lnuJ 



~\Jvh1Vfd'irwn.J~P~~'WLL'i\Jvl'W1vJvhvl'iijrn(l)e:lb'EmJ (Point Common of 
~ ' 

Coupling) :iji'I11)J~f?lL~f.J'W (Waveform Distortion) hidJu~tli'I~'W Sine Wave 

LLL'l::L~1lvi'1m'iLLI?In'itli'I~'Wvl ~rn L ~vutfummdJu Spectrum vl~P~11).)~(1)1\1'1 /)~ij:; 
~ 

'W1Jl11Pl~'WViL~~ij:;:ijl"i11'111).)~ d]u~1'W1'W N LVh'll1l\JIPI~'WIPI11)J~l;jl'l~1'W '14~1lvl L ~f.Jn 
11 Harmonic Order (1)1\1'1 ,j''WL1l\J fi1'14fumm~1'WLLL'l::i5m'itl'i:::Ll1'W 
Harmonic !il1).)1'i()'141'i1f.JL'l::LDf.Jf?lL~)JL~)J1~~ www.pea.or.th 

39. fh Power Factor ~hni1 0.85 ijNarnh\11'1u1\l? 
L~1l'i:::l.Jl.J'll1l\JL'lnfh:ijl"l1 Power Factor (PF.) vf1 'iij::;:ijNL'lVll1Yf~P~11).) 

~ 

iil1m'in 1um'i~1v1vJ (Capacity) 'll1l\1'14~mLtlt'l\J:ijl"l1L'lf?ll'l\J vi'\JtT'Wfi1'14fu~nfh~:ij 
'14~ 1l LLUL'l\11i\1~1f.J 1 vJ1 Vf rl1Jll1'i::: 1 vJvhvl1n~ L~ )Jyj n f?l LL~1 1l-J iil1).)1'i()~1 fJ 1 vJ1 Vf nu 

m'i:::1vJvh~L~)Jilu1~ LL~111"11n1~\11vJVl1 (Power; kW.) ~oEm.J1u'llru:::Ju~ij:::iJ\J 
~ 

1l-iL~).)Ylnrnnf?l1).) 

fi1'14f1J 1ul'ln~h~:ijiil1f.J 1vJvl:iji'I11)Jf.J11 n'iij:;Vf11l1:ijm:::LLiil1 vJVJ11 '14L'l1 'Wiil1f.J 
~ 

1 vJ:ijl"l1~\J ,f'W'\4).)1f.JIPI11)Jl1 Lfirnmhv~'l) L~f.J (Losses) Lfirniuf?I1).)'1J'W1f?l'll1l\J 

m:::LL!ilf.lnn1~\Jiil1l\J 'I.J1lnlij1ntTum'i1vJVl1il\JL~f.lmnul"l1 Reactive Power (kVAR 

Charge) 1ut'11u~~1nl1 0.85 ~1f.J 
vi'\JtT'WL'ln~h~\11'11'itlfutl'i\JLLn1'lll"i1 Power Factor (PF.) 1l1:ijl"l1iii\Jnl1 

~ ' ~ 

'14~mvhnu 0.85 1rnvm'i~f?l~\J Capacitor Bank L~)JL'ih1tJ1u'i:::uu 1rnvtln~ 
nT'i1vJVl1'iij:::n1'14'Wf?l1l1L'lnfh~rn~\J Capacitor Bank :ij 

~ 

'll'W1rn1l-iiiewn11'14~mvhnu 30% 'llv\J'll'W1f?l'YtaJmL1.Jt'l\J 

1vJVl1~\Jifn1'in1'14'Wf?l'll'W1f?l'll1l\J Capacitor Bank vl 

L '\4).)1::: I'!)JtT'W1J1~ijfl~ij1'iru1'iij1n~nl!fru::'ll1l\Jll1'i::: 1 vJVl1~ 
1on1l~11:ij~nl!fru::dJumh\Jh ff1m'i:::t'l1u 1 '14qjdJu 

Inductive Load L'li'W Induction Motor n1J11ij~1LU'W 

tll1l\J~f?l~\J Capacitor Bank ).)1niu 'VI~1lfi1LU'W 
Resistive Load L'liu LIPI~1l\J'Vlll'l11).)11lunm'iijfl~ij1'iru1 

~f?l~\1 Capacitor Bank L'lf?ll'l\11~L'liunu ~\Jifm'i1vJVl1 
1li'\W'll"HUl'll€l\lm1)JL 'VI)Jl:;('!).)'JJ'W1r?lvl1'11'i~V\~ \1 LL~1 
~fl 30% 'll1l\J'llu1rnYlnrn'l4~mLtll'l\J 



40. Capicitor Bank 'Vi~~~\IL?Jemrii."Dth Power Factor 

fl1"nilumn.J t~? 

Capacitor Bank v1 b '1'1:1.!1:: t'l':IJ"hvtfu lwnTit11~n1 <Etlfutl'l\1 bbt'i1'1H•i1 
' 

Power Factor (PF.) tfu 1"11'lbU'Wbb1J1J Switching Capacitor 'i1\lfl'1:1.!1'lCli"'11J~:IJ 
'lJ'W1l'l'lJ!:l\l Capacitor Bank v1b'VI:IJ1:::fl':IJtl1Jt'l'tn'Wtn'l::1vJw1'VI~DI"h Power Factor 

'V1btl~t.J'Wbbtl('l\llt.J bb~ibiiD\1"11nd::uu Switching Capacitor ii'l11"111'i!:l'W-ii1\lbb'W\I 

~\IJ'Wm'l'lil"'1'lru1b~Dnl1"1::1iil'ltk\lbb1J1J Fixed Capacitor 'VI~!:lbb1J1J Switching 

Capacitor ~\ll'l1'l'lil"11'lru1"11n'lJ'W1l'l'lJD\IL 'V!('ll'l.yj btl~ t.J'Wbbtl('l\11 'Wbbi?l('l::i1L:IJ\Il1ii 

mnu Dt.i b Vl t.~\11l'l tl1'V11 nii n1'l btl~ t.i'Wbbtl ('l\JU D u!i l'l1'llil l'ltk \1 dJu uumm:l.! (Mixed 

System) ~Diim.J('l'1uv1 dJuuuu Fixed Capacitor bb('l::1J1\I('l'1'Wbi'l'Wbb1J1J 

Switching Capacitor ~\ldbvlD"Jdtiitl'l::'VIEJV11'i11i•hu 1 'Wn1'llill'ltk\l~i1u 'W!:ln"'1n 

tfwb~1n1'llill'ltk\l Capacitor Bank bvlDtlfutl'l\l bbtl1'lJI'i1 Power Factor (PF.) 
' 

tfum"'iiN('lnd::Vlu 1 utii1'W~'Wbnl'l-71'u 1tii b'li'W t'l'rm:: Resonance iiN('l'Vh 1Vi'Dtlmru 
' 

1vJw1'll'1'll'l1tii ~\ltfum'llill'ltk\1 Capacitor Bank ~\ll'l1'liin1'l~nH1fi\IN('ln'l::Vlu 
' 

41. Fixed Capacitor Bank iii£1~-imimnh\ll"i? 

• 1u'li1.Jb1('l1v11im'ldvJw1uDu b'liu 1u'l::'VI11.J'li1\lb1('l1 22.oo-os.3o u. 

"'::vh1Viii-w~\I\11'W Reactive Power 1'VI('l!i'D'Wb-ii1('l''l::uu'lJ!:l\ln1'l1vJw1 
'lJ 

'VI~D bfll'l'VI'thu~'lJ b~u-71'u Ll'lt.J hi1tii1 i.J1'W 

• LV1t.Jtlnliln1'lbfll'l Resonance mDn1fl'bnl'l-71''WU!)t.J:IJ1n ui?lm.h\lhn~ 
'V11nmDn1fl'bfll'ltn1:: Resonance n1J1J1\11"111:1J~ iiN('l'V\'1 1Vfbnl'ln1'l 

'll'1'll'l b~t.J'VI1t.J'lJD\IDtlmru1 vJw1 b ii D\1"11n bnl'l bb 'j\J~u 1 vJw1t'l'\l bnu-71'u'VI~D 
' ' 'lJ 

bfiVIilm:::bbt'lLorJw11mH'ih~ Capacitor Bank bU'W~1'W1'WaJ1n'Wfl~'Vh1Vi 
'lJ 

Capacitor Bank 'll'1'll'lb~t.J'VI1t.J1tii 
' 



42. -rhl:JJ Capacitor Bank LLt~~ Fuse Ue:l\lfiu Capacitor Bank 

~\11h~~tim.1? 
q 

t'f1'V1f1J 1 'U l"hhl1'Uviii LL 'VI~\Irl1 L UV!n"i:: LL1.Hnfl:JJun LL~::ii"J'1'U1'Uvi:JJ1 n'VHl 
mJmf.l1'U 'i1'111t1l~Vi~\l Capacitor Bank Lvlfllilfl\ln1'itlfutl'i\1Un1'11ri1 Power " . 
Factor (PF.) mJt1i11.J ~u--hL~flifflJ Capacitor Lon11ti1'W1\I'l'iviii Harmonic 

" 
Source 'l::LiiV~m'i'llf.l11.JCil1'11fl\l'li'U1VIn'i::u1.'1 'VI~fl LL'i\lvltJ<n{:JJaun vh1l1ii 

m::LW1'VI~Lon1fl' Capacitor :JJ1n~'U 'VI~fllJ1\11.'1rm::nvh1l1LiiV~u'i\lvl'Ut9lnrda:JJ 
" 

Capacitor iiri11.'1\ln11'WnVI Capacitor ~\lvh 1\1 Capacitor 'VI~fl Fuse Ufl\lrl'U 

Capacitor fl11.l~1'i 1i\11'UJ'U~\Ivh 1l1ri1 kVAR hJ dJ'U 1tit911:JJYin1'VI'UV~1 i 'VI~fl 
' 

fl1'li1'iVIL~f.l'VI11.l1t11 LV!mil~1::fl~1\I~\I'VI1miiVI1.'1fl11:: Resonance ~'ULL~'l'l:: • 
vh 1\1 Lii Vlr111:1J L~f.J'VI11.Jfl ~ 1\l'i'ULL 'i\1 'VI~ fl Lfi Vln1'ivl1\11'U'llfl\lflUn"icUU fl\lrl'U . ' 

vi'11l11v.Jf?i'uvY\IL 'i\I\11'U'VI~aatlmruvim~f.l'VIin . 
n1'iVll\11'U '11 fl\1 tr f1J ()}1 ru 'U 1~ n1 VJ1\11'U N VI 

~~1V~1t1J 

vl\l,j'U LL 'U'l'\'11\11 'Un1'i LLn1 '111.'11:1J1'iCivl1 

1t1ilV~f.ln1'i'W'l1'iru1tliV!~\I Harmonic Filter 

'VI~fl'W'l1'iru1if11.ll1i'1 LL'VIU\I'llfl\1 Capacitor 11.1 

1 i1 'UI?i'1 LL'VIU\Ivi L 'VI:JJ1::1.'1:JJ 'VI~fliJ'l1'iru1tlfu 
Lti~f.l'U'li'U1VI'llfl\l Capacitor 'VI ~fl'i::uu 1 v.Jvh 

43. -rhl:JJ~e:1Yh~\11h~~Lilmi'UVI~e:ll.la~ Fuse ~1U~U'VI1\I 
• q 

LLa~iji1U'JUV!a1EJPl'J? 

t'1'1'V1f1J ll\I\11'Uviii Fuse dJ'Watlmruila\ln'U"lfV!Lrl~ fl\llVI (Revenue ' . 
Meter) tliV~~\Ifl~~!il'U'Vl1\ILWnrifl'WLon1ll\I\11'U LL~::i11.'111.l~1'VIU11.lvifl~'VIi\l Fuse 

" " 
riawon1ll\I\11'UdJ'U1.'111.l"l1UVI Aerial Cable 'VI~fl Partial Insulation Cable 'VI~fl 

Underground ·Cable LLl.'l::iiri11:JJ1.l11~\ILLtll 100 L:JJt9l'i~'U 11.1 u~::iim:Jautl~\1 
n1i\ltli V~vY \If] tivi 'Ll~1fJ&1fJ~1'VIti1fJf?i'\ln~11'l::~u111 'U1J1\1Lflm1.'1 L~ fl Lii V~1 v.Jvh 

" 
im\l'l'i LL~::vh 1\1 Fuse ~!il'U'Vl1\1'111V!t9ln~\I:JJ1'VI~fl1 'U'llru::vivhm'iti~VI'l\l'l'iL Vlf.l\1 

1-2 L~'U 'l::~1Jl1LiiV~tl'i1n£)n1'icU Ferro-resonance 'i::'VI'J1\11.'111.JCI!11.h 



(Capacitance) num::LL~ Magnetizing Current 'llehl'r'llJEJU1.lG'l\l (Inductance) 

:i1'1J'U1fi1L'Vlltl'UWEl~ :i1t:-J~'I'll 1ihnfi1LL"i\l~'UlWYl1~\lLn'U:i1'1J'U1fi1~\ILL~ 1.2-2.2 L'l'il'llEl\l 

~nfil Lnfi1~'ULQW1::~1vils'W'v1 Fuse :Om"itl~fi1l'i1EJElm'l'i1tT'U tl"iln!Jm"iruif:O 

1sn1~Lnfi1~"1 'W'li1\lvi'r'll1s LLtl~"'ihv 1 'r'lf'lfilusv -11\l'l::vh 1 '11~svhvitlifi1~\lmiv1 ~1v v v 

(L'V'J~) i1\l:i1 Fuse lllnL'I'iltT'U Lnfi1'1h1ri1L~f.J'r'I1!.J~"i11G'l::'r'I~1!.J'j llll ~\ltT'U LL'Ul'Vll\l 
m"iLLn1'll~1:1J1"invh1~fi1v 

• 'r'l~m~v"m•ffu-tlf'lfil stlmrul'ifillllEJ'U L-ris~1v1'V'J1"U'llru::v1:i1~1v 
' 

..S1'r'IU1v~s, ihnu'r'll1s LLUG'l\ln1~"1 'UL 1~1 .~mn'U 1ri1vm"iLtJ~v'Winm• 
ffu-tl f'lfil Fuse 1ri1Vnl"i~ ri1G'i1~1Jn1"iff1J'r'I~Eltlf'lfi1 LL~ f'l:: f'l'l'WriEl'U'r'l~\l1~ 

W~El:IJtl'U L'li'U ~l"ifflJ Fuse v1~'W'V11\lL-riEl Charge Line L-ih1tlriEJ'U 

(1 'U'llru::vi LUfill\l'l"i'r'llJEl LLtlf'l\!11) 'llntT'W~\l ffu~1v 1 'V'J L-iil'r'llJfl LLUG'l\ltnf.J 

'r'l~\l a1'r'1-r1J 1 'Umrutlf'lri1fi1lfvh 1 'U~nMru:; L 'li'UL~f.Jltl'ULLlJlJVEJ'Un~lJ 

• LU~!.J'UElUn'icUlllfi1lllEl'U1'\1dJ'ULL1J1JfflJ'r'I~EltlG'lfi1W~El:IJrl'U'vY\l 3 L'V'J~ 
' 

• fi1 LLf'lU1"i\l-rnM1'd::uu..S1'r'IU1f.Jtnf.J 1'W 1 "i\l\l1'Ull11:1J11"i:: L-riElf'lfi11sm~ 
v ' 

vi'l::Lnfi11wrh~m"'~' 

111~ 17 Ul'lVI-JiJm!lr:u::11£J\!£JVMWiieJ'Yh1::IJJJ 22 kV ffi71V!LiJ£J-J'V7n 
II ' 1 

LiiVI Ferro-resonance Ltn::vv 

'J'IiDOiJJ-IIDU iJcp»1't(Ufli rt1't'IYh1un1FI1!1fiVU!I::f111tll»n11JJ 



• IEC 61000-4-7 bviEJ 1oiif?l"i'1'llf?ll"lrurnv'llwv11~b~tnnu Harmonics 
' 

• IEC 61000-4-15 and IEC 60868 bviEJ1-i!f?l".i'1'llf?ll"lrurnow1'V'Jvh~ 
' 

b~tnnu Fluctuation I Flicker 

• IEC 61000-4-27 bviEJ1-i!f?l".i'1'llf?ll"lrurn-w 1vJvh~b~t.nnu Unbalance 
' 

EJtlmruiJEJ\ln'W 1 vJi'h lw hl'll1'WEJf?I~1'Yin"i"il-l ~1'Wu "i\llih 400 1 '1 t'lvi'1f?lv 
' ' 

fh'W1'Yiqj'l:::Hi Air Circuit Breaker (ACB) 'YI~El Molded Case Circuit Breaker 

(MCCB) dJ'W~tlmruileJ'Iln'Wbbt'l:::L!lf?lf?lfl'W'YI~n 1C?~v:Wml1~Li1~'1J 2 tl1:::m".i ~EJ 
• n1"iUEI\lrl'W~1'Wn"i:::bb~1vJvhbi'l'W ut'l ::: /'YI~fl n"i:::bb~1'V'lw1 ~f?l'1\l'l "i 

• m"iufl\ln'W~1'Wbb"i\llil'W1'V'lvh~1bn'W 'YI~ EJEJ1'l'l:::vh\l1'W~'1l.lnu External 

Voltage Relay bviEJuEJ\ln'Wmru~bnf?l bb"i\llil'W1'V'lw1Nf?ltln~ b'l5'W ~\lbn'W 
'IJ 

~1bn'W 1l-l~l-lf?lt'l d'Jwii'W 
' 

Li1'Y11'1J Miniature Circuit Breaker dJ'WEJtlmruufl\lrl'W~:W'lJ'W1f?l b~nn11 
' 

-71\l'l :::1l.l:W m".iufl\1 n'W~1'W bb "i\l lil'W 1 'V'Jvh ~1 bn'W "ill-l mJ~1 v 
'IJ 

. ..... ... 

MCB MCCB ACB 



46. n1~UB\Ifl'l.l~1'l.ln~~UN l 'W Lnuihl~ l ~,j1\l? 
f11'1UD\InU~1Uf1'1::bbRlwvhbiiU u~:: /Vi~£1 n"i::bbRlwvhi~-N~"i 

1~1'J~lhlm.JmruueJ\lnu Air Circuit Breaker (ACB) VI~!J Molded Case 
q 

Circuit Breaker (MCCB) <V:::OVI\lrhY'Wm'ivi'1\!1'WVIffn ~!J m'iU!J\lnw~flum::bb~ 

1v.JVI1bfiudJu~u::J1U 1~1'J<V::uti\lm'ivi'1\!1'UU!J\lnueJeJmuu 2 shu ~!J m'i 

U!J\lnu~1'U~11'.1 Phase bbfl::nTiU!J\lnu~lu Ground ~"li 

CU-RREN"' TRANSFORMERS 

• m'iUeJ\lnum::u~lv.JVIlbnu~n~!iflu Phase bb1J1J Hiblfll'Ul'U (Long 

Time Trip Function) l~I'J:011ilb11h::~\lrlbl'ieJueJ\lnum'l1'lim'i::bfiu 
q 

(Over Load) "ll!J\lm.Jmru b'liu ~li'JU!J'U VI~!Jbbl..Jfl\1 VI~!J 1u"llru::b~a.J 
q 

b~'Ua.J!Jblil!J{"JJ'U11il1VIqj (Motor Starting) l~I'J~'li~1a.J1'ibllJ11JtkJn1'i 
vl1\!1'Ubb1J1JV1til\lblfl1 (Delay Time) 1um'il.Jfl~l\l<V'i!J!Jf111J1~ 'U!Jf1 

<VlnJuf!\l bUu~i'lri'lVI'WWh b "lleJ{fi lil b1J'if1 bf1eJ1Ju~1a.J1'ib11'1J1J~a.J1ru 
m::u~1v.Jvhl?ieJb,jeJ"1~1J~mrubvh1~~li'J 

• m'iUeJ\lnum::bb~1v.Jvhbfiu~n~~1u Phase bb1J1J1'linfl1ffu (Short 

Time Trip Function) l~I'J:Oi'lilbllJ'i::~\lrl bl'i!Jiil'il<V~1Jfll1a.JN~1Jn~ 
q 

-Ir\!:0"JJU1~m::bw1v.JVI1~\!'1 VI~!J 1v.JVI1ffm\l<V'i (Short Circuit) b~!J 
" 

b"lJeJ{filil b1J'if1bneJ{Iil'il<V'I"l1JlJ~a.J1rum:: bWiil1a.Jvi1J11JIIf\!11 n<V:: ~" 1 '11 

nfl1nml'.l 1 'Ub"llfl1filil bU'in bnfl{biJm\l<~'i'i:: 1'.1:: b lfllvi b"lleJ{filil bmn bneJ{ 

t:~n~" 1'11btlm\l<V'i:ffumJn1JI'i1m'il.J11Jm'iVItil\l b lfll"llfl\!VI\lrhYu Short 
" " 
Time Delay -Ir\l<V:-::0 2 ffm!lru::~!J 

• 1
2
t ON :Offnl!lru::bU'Ubb1JW.JnN'U (Inverse Time Delay) 

~!J~\lm:: bb~N~1Jn~:Ori1a.J1n 'i:-:1'.1:: b lfl11 um'i~\ll.Jfl~l\l<V'i 



'I:; fi\l ff'U (nTltl-ru~\lrl1l1U1\l L 11'l1iiiJuEJ!.i tl1JI'l113J L l13J1:: 
" 

f'I3J'llfl\lm"i Hi\l1'U) 

• 1
2
t OFF iJ~m~ru::m"il1U1\lL11'l1LL1J1JI'l\l.y1 L~Eliil'l113J 

tln&hfi 111ilu "i:: ~:; L11'l1vi L'lfEJ{fi 111 Lmmnflf~ \lUI'll111\l'l"i 

iiri11'l\lVi 

~. :-lMt·.l' ~~. ' ~ '"'·'ilik . 1 r~,-,,-,,-,rfJA! 
•• ~ ~ •• ~ J' UULIU 

"' '" -.. • 
• I ..... : 

• n1"l'Ufl\ltl'Um:: LLf'llvlV11~Cil1\l'l"i~1'U Phase LL1J1J'I1'UVi'l1u 1111 (Instanta­

neous Trip Function) LjWiill1l~U"i::f'l\l~LyjfllJEJ\ltl'Um::LLf'I1Y'lV11~111 
1\l'l"i (Short Circuit ) v1ii'li'U1111f'l\l1 'i1\lfl1'1Ltl'UB'U!1l"i1~~m1i'ii l1~El 
EJtJmru1 V'lVl1EJ ti 1\lmn vi'.JJu L ~flU El\l num"i Lfi 111 B'U m1 ~..,"~Eli1"il11 
' ' 

LN ~l11 ~'llfl\lEJtJ mru1 v1Vl1~1\l1 ~\l-41 Ltlutii EJ\ltJ l'll111\l'l"ifl ti 1\l"i1111 L ~1 ' . 
LL1J1J'I1'Wvi'l1u1111 (Instantaneous Trip) 1:11iim"il1U1\lL11'l1vY\l~'U n1"i 

tJ-ru~\lrl1m:: LLf'lv1W\lnd'J::tifEJ\ltJ-ru 1liiiri13J1nn11\4\ln'Ji''U Short Time 

Trip vY\lii'l::tiiEJ\lYl'l1"iru1~1~11ri1viri'1l1'UI1111vi'\lmh1'1::tiiEJ\liiri1tiEJ~ 
n'l1ri1m:: uf'l1 v1Vl1~1111\l'l"if'l\lf'll11vi'l:: Ln111ilu 1~~1~ vY.Jd Lyj EJ1lim"i 

. " ' 
vi1\l1'U'll El\l"i::uuu El\ltl'U 'lm1 Y'lVl1vi1\l1'U 1~El ti1.JiitJ"i:: ~Vliimv-l f'l\lf'll11 

" ' 
• n1"iUEl\ltl'Um::Lw1V'lVl1~1111\l'l"i~1'U Ground (Ground-

Fault Trip Function) L111~iill1lClU"i::f'l\l~LyjfliJEJ\ltl'U 
' 

m::uf'I1Y'lV11~1111\l'l"il'l\l&1'U 1umruv1Lnl11 Arc Fault 

LLI'l::ii ri1m:: LLf'l~l111\l'l"il'l\l&1'Uiirl1U El~'j LLI'l:: 1:1i3J1nY.lfl 

vi'l::vi11li Phase Trip Function L~3Jvl1\l1'U 'i1.J'I::riEJ1li 

Lfi 111fl'UI1l"i1 ~~ EJEJtlmru1!i1 m"in1l1'UI11 m"l'vi1\l1'U 
' 

vi'\l mi11 f'I13J1"intl-ru ~ \ln1"ivl1\l1'U 1!ii'vY \l uuutll'l111'11uVi 

'11'U1111 LLI'l::LL1J1Jl1U1\lL11'l1 -ii.J'I::iivY\l 12t ON LLI'l:: 

1
2
t OFF L'li'Utl'U L111~~11ULL~1l'4\lni'Uit'J::&il11~\l1'il\l1'U 

1'WL'lfflffil1lLU"iFlLnflf.y1iJ'lJ'U1111~\lLL~ 1,000 LLEl3JLLtJ{ 

ilu 1tJ 1111~tJn&i LL~1n1"itJfu~\lrl1n1"ivl1\l1'U3Tm1~3J 



ilf.JI'i111mJ~ 10-30% 'llfl\J~tl~n'J:::LL~ LLfl:::eJ1"1ijL1fl1 

'VIU'NHilf~LLlli 0.1 -0.3 "hnVi vY.Jd-7f'Uminu11ijn11 
" 

vl1\11'Uffl.IW'Un (Co-ordination) 'i'1l-ltl1J L'lleJffi~ 

Lmmnaf~1'U Down Steam mi'VI~ahJ 

protection 

earth fault 
hl'flfl deL1y (t 

0 lr lm 

" 

Phmh\1 m·n.J'i'ufi\ln1'nh\11'UL1J"imnv-if.laPlilru'tl Masterpact MP-M 

Circuit Breaker 

u-ruilf\1 Trip Unit 'i''U STR 58U ~.Jd , 
In = 'll'U1~LLfll-llhVhl-l (AF) 'llfl\JL1J1mnaf 'VI1a Sensor Rating 

lo = 'll'U1~LLeJl.IULVhl-l (AT) 'lleJ.JLmmnaf ria'UCinu-ruilf.JI"i1 (u-ru 
" 1~ilf.Julli 0.5-1 .0 Lvi11'Uu1.JN~~nru't1) 

lr = 'll'U1~ LLfll.IU'Vl~U (AT) 'llfl\!Lmmnaf 'VItr.J"'1 nCin1.Jfu ilf.JLL~1 
" (ufu1~ilf.Julli o.a-1 .0 Lvi11'Uu1.JN~~nru't1) Lvia1'11v11.J1'U 

Short Time Trip Functionlm = 

'll'U1~ LLfll.IU'Vl~U (AT) 'llfl\1 Lmmnaf 'VItr.J"'1nCin1.Jfuilf.J LL~1 
" 

(ufu 1~ilf.Julli 1.5-1 o Lvi1 1'UU1.JN~~nru'fi) Lvia 1'11v11.J1'U 

Instantaneous Trip Function 

• r ..=. v r do:.~ , "' "' L'll'U LmmneJ1Nfl~!lru'Yl Masterpact MP-M 'Vll.lr11 In = 2000A. 'VI1nm~a.Jn11 

1HUI"i1 ; lr (vl1\11'ULL1J1J'VIU1\JL1fl1) = 1440A. ; lm (vl1\11'ULL1J1J~'UVi~'U1~) = 
..... 0 .... <V ~ 

7200A. "' ::: ~eJ\1~1L'U'Un11~\J'U 



In = 2000A. (d'lu Sensor Rating tlfubbl1i.J1~11ii bbl1ibti~1.Jti'llti1~ 
'llfl\1 Sensor Rating 11ii b"liti 1 OOOA., 1600A., 2000A., 

2500A., 3000A. 'VI1fl 3200A.) 

lo = 0.8 x 2000 = 1600A. 

lr = 0.9 x lo = 0.9 x 1600A. = 1440A. (b'Vifltlfu~\1~1b~:IJ 
vi1\11tibbUU'VI'Ii1\lb1~1) 

lm = 5.0 x lr = 5.0 x 1440A. = 7200A. (b'Vifltifu~\1~1b~:IJ 
vi1\11ti bbUUVlUViVfu 1~) 

!il\IUU~\IIiifl\lb~fln'llti1~ In = 2000A., lo = 0.8, lr = 0.9 u~:: lm = 5.0 

'tUI1VL'VIlll : ffqJ~m:lru'liEJ\1 Parameter n11tlfu~\ln11vi1\11U1wbl1i~::N~!Il.tlru-n' 
' 

fll'l bbl1lnl1i1.JnuEJvm.J u11i'l::ii bbti1~~m1tlfu~\l b 'VIiiEJunu ii.J 
" 

~1:1.111~RnH1111.J~::b~1.J~'l1n~iiEJn111~\11U1!ii 
" 

1~v~11tibb~11Bm~m1bn~lv.Jvh~~1\l'l11ii1u 4oo 11~v1 mv 1uai~n'Vlu 
" 

1~uEJv:~.~1nun bbl1inm'liimjiJ1.Jb~niiEJvvliim1~.J1 '11n~ 1n'llEJ\Ib'lfEJ1'nl11 bU1mnEJ1 
" 

bilfl.J'l1nm::bb~1V'lvh~m\l'l1 b"liu iiffl111b·.lh1t11uai•hv1V'llii1wb1\1~1 (MDB) bb~:: 
" 

ff:~.~~~t'/1Uvliiu 1\llilti 1V'lvhmj 'VI1fl mruvliiN\I~ti 1tibm::mJnUN1fltimru'1 V'Jvhvlii 
~ , ~ , 

bb1.Jiilu1V'lvhmJ bb~::m11u~m'Vlvliil"l11:~.~.ffuEJ~mv1uai MDB. nm'lbn~1V'lw1~~ 
'IJ 'lJ 'IJ 'IJ 

1\l'l1bn~.:ffu 11ii 

uEJn'l1nn11tl~~1\l'l1'llfl\l 
r... r " b'lffl1n!llbU1mnfl1 mv~1b'VI!Il'l1n 

' 
m1bn~1V'lw1~~1\l'l1bb~1 fJ\I'Wu'l1 

f1.JI"l\lii'l1nil'l~vu~:: ~1L'VI!Il~ti1 ~n 
' 

vlvi11 '11 L'lffl1'nl11 Lmn LnEJ1ti~m\l'l1 
1~v1:J.iVJ11U~1L'VI!Il 'VI1n1:J.Jiim1 

' 



I 

b i1 €hl'l1n b "lfa{n !?I btJ'imnafi 'WU'l'IU'W dJ'Wuuu'l'Wvl ml'i'~ mJmrua b~ n 
' ' ' 

'Vl'im1n~ vl1'VIU1Yllbl"l'i1::'11~hm::bbrHfim.lt'll111\l'l'i '11\1'1:: 1-ii Electronic Trip 'VI1a 

Solid State Trip dJ'W~1!?1'i1'l~tJI"l11~~l111.lntli'lJa\lm::bbii!1vhhvl!?i'i1'l~tJ11?i 
bb~'1th~1 bl..l1~u b Vi ~unu~h~ ~.J'VI1an1'VI'Wl1lm'ivi'1\l1'W 11 ll1l~i,1uiJm,-1 bl"l'i1::'11 

'VI1rhn'i:: bbi.'l" 1 vJ'i'h 1 'Wm'iff\ll..lt'lm\l'l'i'JJB\1 b "lfa1'n!?l btl'in bna{bbtJtJ Electronic Trip 

jjmJ 2 15 ~a 
~ 

• 1ii Peak Sensing ~aml'i'~'VI~nm'i1-ii~hm::bbi.'l"i.'l"\li.'l"l11 (Peak Current 
" ' 

: lpkl ~1'VIt'lN1'Wb"lfa1'n!?lbmmna{ut'l::u'WVin~h1~ ut'l::'l::'l11~hm::ua 
i.'l"\ll.'l"l1lil~1'VI1'il?i1~ 1.414 l?i1~15m'ir11'W1ru b'Y1B'VI11'h Root Mean 
~ ' 
Square (RMS. Value) 'JJB\l~hm::bbii!Ylbnl1lil'W oi1.Ji5d'l::1'l1l~h11?i 
nntlia\11'WmrilVhl..li"!~'Wm::uadJ'Wffn'ru1ru Sinusoidal bvl1tT'W oi1.J1'W 'lJ 'lJ T;lt:' .... 

'i::tJtJ'l~\11 'iU'lJB\ll"l~'Wm:: bbi.'l"Ell'lnn Harmonic 'itJn1'Wvl11 'l1'il..ll"l~'W 
~ ~ ~ 

Ul1l btJ~1 (Distortion) 11.1~1 'l'Wvl11 '111l-lbiJ'W'iUI"l~'W Sinusoidal bbt'l::jj 
~ 

t:-~t>lvi'11'11nwi bl"l'i1 ::'11~hm:: bbavl'l::l..lt'll1l1\l'l'inm'lvi'1\l1'W~l1l'Vit'l1l1l11?i 

~ Bvl1\11'Wri awhvi 1"11'i'l::vl'1\l1'Wbn l1ln1'il..lt'lm\l'l'i 1 'Wi.'l"tn'Vim'i<l 1 !.l 

.rm::'Vl1.J1 vJvh!?11~1.lntli'VI1am'l1l-ltJ t'll1l1\l'l'i 1 'W'lJru::Yi jj,rm::'Vl1\11 vJvh 

bn'Wn11~n-m'Wl1l11 

• 1ii True RMS. Sensing l?i1~ifiif'l:: 1-iim'i Sampling ffq)C1)1ru'JJB\l 

m::ul.'l"~N1'Wb"lfB1'n!?lbtl'imna1'dJ'W'li1\l'l bvia'VI1rhm::ua RMS.1'Wbbtll 

t'l::'li1\l bb~1'111m'VI1Y'i1bU~mtJ'W~hn'i::bbi.'l" RMS. Ylmlf'l~\ltlia11.l ~\ltT'W 
m'ilbl"l'i1::'11V'i1n'i::bbii!l?i1~15d'l::jjl"l11~nntiia.Jb'VI~1::a~num,-'11111.l 

~ 

1-iintJ\l1'W~jj Harmonic mJ1'W'i::uu 11?ib'VI~1::a~n11 bb~jj'i11"11U'Vi\ln11 
~ 

bbtJtJ Peak Sensing 



m'lvh.J1Ubblil:::wr'\'(;)'lJEhlb'lfErml1lbmnLnEJ{ m~bl.J~~Ubbl.Jiil.J1v1vnm111u1-ii 

1u~m'V'lbbl(;)~mJ~bl.J~~ubbUiil\111.J~1nVi1v1rhr'lU(;)11!1l.Jd 

ACB 

• Nt=nii£1\1~1nfl11JJ~ 1umru~tl1b'lfEJ{iilP1LmmnEJ{ 
1u1-ii.J1unm:::1J1J~~Y111:1Jfi~.Jn-i1Vi1v1EJEJnmJ1J11 

" 
~:::~ll'mvh1'11wn(;)m'li1l(;)m::;u~lil(;)lil.J• 

N~ L ii ih11i1n£Jtu'YIIlij fJ ru'YIJl ll1 i.J1u1l n 5i1!€h1 
• " 'I '1.1 "' 

b'lfEJ{nlJlLmmna{m.h::;;r"l1\l 25-40 ·c !1l.Juuvnn 
" 

t11 b'lfflffilP1LmmnEJflu1-ii.J1u 1u1J1b1ruv1 '1 ~ 
EJru'YI.niJ~.Jn11 40 "c ih:::iiNiilvh1'11rhm::;bL~ 
' " " 

wr'\'(;)lil(;)lil\1 ~1nri1Vl'n1'YIU(;)H 1t.J~:::iiNiilvh1'11 

b "Jmfii lP1 Lmn LnEJ{ btl (;11\J~'l b !hn'l11.Jn ~ LLtJi ~1'1'111J 

L 'lffl f fi lJl L1Jln L n Elf yj' fl1 rl~'YI tfn n1'l'Vll\11U LL1J1J 

Electronic Trip ~::;~1:1J1'lClvl1\11U1v1LiJul.Jn~Vl' 
EJru'YI.n~h:::'Yil1\l -1 0 "c n\1 60 "c 
' " 

1(;)~1.Jn~LL~1 b'lfEJ{nlJlbmmnEJ{ ~::;ii Function iJa.Jnum:::LL~hJvhiiu 

'V'ln(;) (Overcurrent Protection Function) dJu~U:21Ufl~bb~1 ~1'YI'l1Jn1'l 
l.J'l::; ~ n ~ -ii \11U L 'lfflffi lP1 Lmn bnEJfL U1J1\IU'l::: bf1'Vlfl1~~ EJ\Iii n1'lvl1\11U'l'1:1Jtl1J 

' 
~umru'1 V'Jvhiiu'l mh.JiiY111:1Jiff:IJ~u£nu bLiil::: b~EJ1 '11Ln(;)Y111:1J~u h 1 um'lv11.J1u 

'llfl.JEJl.JmrutJi1\l'l ~iimi N' N~lPl L'lfEJ{nlP1L1J'ln LnEJf~.J1M(;)v\'1EJl.Jmrul.J'l:::nEJ1J 
'I '1J '1J 'I 

(Accessories) L ~ fl"Jh~v\'11 'l'iiil.J'l::; ~'Vlnm'V'l L~~:IJn1'lvl1\11U'lJEJ\I L 'lJEJ{nlJl LmmnEJ{ 

L'l'i~1:1J1'lCl~(;)lJlflU'YI~flUfl\ltlU5UlJl'l1~L~fl\1~1nY111:1J~(;)Un~'lJEI\I'l::;1J1J1V'Jw1~iitJiEJ 

EJ1.Jmru'1 V'Jw1vi11J 1V'J~1W'lfEJfnl1lbmLnEJ{ 1v1mh.J~l.J'l:::~'Vlnm'V'l LLiil:::l.JiilEJ(;).r'\'~ 
~1ni1.J'i1u 1(;)~~111.JEJl.Jmrul.J'l:::nEJ1J'lJEJ\IL'lfflfnl1lbmmnEJ{cYu 1J~B'VlNN~lP1~:::1~ 

' " 
~(;)~\J:IJ1'V'l~fl:IJ tl1J~1 b 'lfflfn l1l L1J'ln bnEJ{ ~.JdN1-ii.J1ULUUNW~1'lnl1 L~fln (Options) 

" " 
1-ii.J1U1'11Lmn::;~a.JLfl\l 



• '1J~~1~'1J'W1'W'lhm..J~~1\lv1 (Shunt Trip Device) 

• m..Jmru·lhvl..l~m\l-v•u•\lvi'u1vJvh~1Liiu 
' 

• ~LmJU1\lvJ'Wtj~1Jnill (Voltage Relay) 

52. 11~~1~11U1U1i'Uil..l~~-h'l~,. (Shunt Trip Device) 

vi1\11UilU1\ih? 

l1'1hvl'llfl\l'll~~1~'1J'W1'W'lhvl..l~m\lv1 ~aal..lmruv1vhm!1v1«\lu~~1\lv1 
' 

'1Jfl\IL"lffl{fi(JIL1Jdmna{ '1J~~1~'1J'W1'W'lh!.J1J~~1\lv1v:::vi'1\11'W nii\m~fl'1J~~1~ (Coil) 

'llfl\1 Shunt Trip 1ai1url'n~11vJvh (Control Power Supply Voltage) ~11n\lv1 

1~v"'::: Hvi'1\11'W11J.Jnual..lmruila\ln'W"'1nmvuan L'liu ~L~!Jm:::utniiu l'l~fl 
' 

~L~!JLL1\lvi'utj~1Jnill (Voltage Relay) l1~flm"l1-E11J.Jnual..lmru~11JI'IJ.JB(JI1wrill 
' ' 

1:::v:::1n~ (Remote Control) L'li'W 1:::1J1JI'I11JI'IJ.Jn11Lil~!tlm\1"11B(li1'W:irill (DCS 
' 

Control) L~fli'I11JI'IJ.Jn11vl1\11'W'llfl\IL"lffl{ii(ll LU1n Lna{ 1'14Lil~1\1"11mJ.Jvin1l1'W~ 11 
' 

~~nu,:::a~~n1,ti~1u • 
L~a1-El..l~m\1"11L"lffl{ii(JIL1JdnLna{ L~a1MuN'qJqJ1ru1'141..l~m\1"11"11n 

~ 

mvuan vi'\lil 

• ~L~!!ila\ln'Wiii1\l 'l L'li'W Voltage Relay L~flUfl\ltl'WLL1\lvJ'W1vJVl1'1Jfl\l 
(Power Supply) Vifl~'Wflnn111'111J~J.J (Control Voltage) 

" ' 
• al..lmrui'I11JI'lJ.Jn11vJ~(lleJ'W1:::uu 1vJVl1"11nmvuan (Remote Control) ' . 

L'li'W G'i1'W~11J~J.J (Control Center) 

• al..lmruila\ln'W~'W'l L~flvl11:::uu Interlocking 1u'1Jtn'Wn11N~(JILL1J1J 
' 
iiim\la\1 1umruv1iim•()1v 1auow~\l\11'W"'1n 2 LLl1t'l\l<>/1vvi LL(llnii\1\ln'W 

u~::: 1a.i1aiiim• Synchronize nu 



53. 11~a1~11'LI1'LI1i'U.Jtla~1\1~'1 (Shunt Trip Device) 

fi~~\lmh\1 h? 

n1~jjlil~\1 Shunt Trip 

Coil Cle.lring Switch 
(opens wtMn circuit biMkM 
It shunt llipped) 

Shunt Trip Coil 

SHUNT TRIP WIRING DIAGRAM 
COLOR CODE: BLACK LEADS 

~ 

Circuit 
Breaker 

• 'lll?lt'l11?l (Coil) 'lJEh'l Shunt Trip -v::&il?l~.JEl'lJn'j3.1fl1J~i(9J'li' (Switch) 
' 

'lJEJ.JEJ1.ln'jruvl-v::rnul'um1'jbiJI?l1.Jv'j'lJEJ.J b'lJEJ{ii(9J bmmnr:Jf b'li'W tJiEJ 
' ' 

EJ'WmaJnu Normaly Open Contact 'lJEJ.J Voltage Relay 1ln&itJim-ih 
' 

nu Contact No.11 bbt'l::EJEJnv1n Contact No.12 

oiie~1nlii1'Wm~ 1-H"1'W 

bilEJ.Jv1nEJ1lmru Shunt Trip ~1bU'W!I'iEJ.JEl1~1:l1'V'Jw1v1nLb'VIf;'k>ill:l 1w-v1n 
' 

tni:J'WEJnvil11'i1~nl?lbb'j.J~'W1'JJ,.,,'Wmh::w-.i1.J 70-11 o % 'lJEJ.J~nl?lbb'j.J~'W 1ww1vi 
" 

rl1'VI'WI?l11u'W Nameplate 'lJEl.J'lJI?lt'l11?l Shunt Trip 

• 'VI1nl'i1u'j.J~'W1'V'Jw1vi~,I:J1Vi'lll?lt'l11?laJ1nni1 110% 'lJEJ.J~nl?lbb'j.J~'W 
1'V'Jw1 nEJ1vv::vh 1Vi'lll?lt'l11?11'VIl11'V'Ji1'jf?lb~I:J'VI11:J 1~ 

' 
• 'VI1nl11'i1UEJI:lnl1 70 % 'lJEl.J~nl?lbb'j.J~'W1Ww1 n-v::l1~·mvh1Vi Shunt 

Trip 1:1Jl1 bb 'j.JaJ1n'WEJ~v::ff.J1.lt'll?l1.Jv'j 1~ 



1l1lmru'li1tJ1liilm\l-.v'iLL'i\lvl'Wlwvl1~1Lii'W 'YI~1l Under Voltage Trip (UVT) 
' 

or Under Voltage Release (UVR) ~1l 1l1lmruvlvi'1'Yiihvlff.J1.liilm\I'V'i'll1l\l 
' 

L'lJ1l1'n~nmmn1l1' L~1l~nvn1l'l~1vlrdm.J'll~iil1~ (Coil) 'llfl\1 Under Voltage Trip 

3JI'i1~1n-;h~n~11W~1Uiil~lll1 (Drop off Voltage) 'lJ1l\l'lJ~iil1~ UVT. (3JI'i11l~ 

'i::'YI'l1\l 35-70% 'lJ1l\IVltl~LL'i\lvl'U) 

'Yiinm'ivhnu 
1l1ln'iru Under Voltage Trip 1l1~ti'YI~nm'ivi'1\11'W'lJ1l\leJ1'W1'V 
' 

iil''W1:1.JU~L'YI~n1'WVl1L'Yii'itJ1't11 (1'1~1tltl1Jfl1'ivl1\11'W'll1l\l Magnetic Contactor) 

Lvlfl&i\1 Plunger 1'11iil'1:1.J1'im1l1'1J'U:: LL'i\lal1'W'lJ1l\liil'U1\Iii\lmJmtJ 1 'WLm11 v\'11 '11 
" 

Plunger 11l~'Wri''W1liil~1\I'V'i'll1l\l L'lJ1lfn ~nmmn1lf L1l1 11 Lvl1l1~1 '11 L'lJ1lfn ~ 
Lmmn1l1'LlJ~1\I'V'i (Trip) 1l1ln 'YI1m~1l1~ntll1:1.JI'i1u'i\lvl'W1vJvhvll1lnl'l11l:I.J Coil 

'llfl\1 Under Voltage Trip 3Jrh~1n';hri1LL'i\lvl'W1l'l~11liil~lll1 (Drop off Voltage) 

'V ::vi'11 '111l.1'W 1'V'lJ 1l\l iil''W1:1.J U:I.J' L '1'1~ n 1 '\AJYJ 1ii 1'1'1 iil~iil\1Yl11 '14 U 'i\1 Wf1'W'lJ1l\l iil'U~ \1 

iil'1:1.J1'i(H1l1'lJ'U:: LL'i\l&i\l'lJ1l\liil''U1:1.JLL~L'YI~n 1 vJ~11<if Plunger ~\IL1'1~1l'WIIl111lJJiil~ 

m:: L~1l\lvi'11 '11niil1n'll1l\l L 'lJ1l1'iiVl Lmn Ln1l1'1liill>l1\I'V'i 

56. etJn·nu'ri1utJa~1\l~"m"'5\'l~ullivhpf1tiiu3jflm.Jutta~ • 
fi1\lnum.h\ll.,? 

1~tJ~111lmJ\I~nl!lru::m'ivi'1\11'W1lfln dJ'W 2 LL1J1J vl'.J-d 

• LL1J1JUiil~1\I'V'ifl1ln'l'l'WViv1'W1~ (Instantaneous Under Voltage Trip 

Device) -.v:: 1-iiniil11'Wfl1'ivl1\11'W 0.02-0.04 l'W1Vi L~flLL'i\lvl'W 1vJ~13J 
l'i1m~m:l1lt1n-h 35-7o% 'lJ1l\l'i'ln~u'i\lvl'U 

Instantaneous Under Voltage Trip Device Under Voltage Trip Device with Delay Time 



• LLtJtJiiflTa.ll::i\IL11'l1rie:rwtll'lm\l"''l (Time Delay Under Voltage Trip 

Device) ~\l,j'L.yjfl'VI~flL~!.J\Ifll'lUI'lt?ll\l"''l L~flLnl?lLL'l\ll'i''U1WVJ11.11fl'li'1'1HU:: 

• Fixed Time (LLtJtJiifl1'lU'l::i\IL11'l1~\l~) Ll?l!.J'VY111.liiri1flV 
" 

'l::'VIll\1 0.1 -0.5 i'W1Vi 

• Adjustable Time (LLtJtJiifl1'lti'l::i\IL11'l11.1-rurh1~) Ll?l!J 

~111.liiri1flv'l::'VI11\I 0.5-3.0 i'W1Vi 
" 

f/1'11-J~ 9 LLfi111JfPlmruJ../r~111u'JJrlluvhdiu (Under Voltage Trip or UVT) 

!Wnvm.JN§(!Ifi'runlii7J7 

MERLIN GERIN (MASTERPACT) 85 35-70 MN MNR (0.5-3 Sec.) 

MITSUBISHI (AE) 70 45-70 UVT-S 
UVT-30SSB (3 sec) 
UVT-05SS (0.5 sec) 

UNELLEC (SP&SPE) 85 35-70 MV MVR (0.6 or 2 Sec.) 

TERASAKI (AT) 80 37-57 AUT-1BS AUT-1BD (0.5 Sec.) 

ABB (ALH) 85-95 62-72 AUT-1C (1 -3 Sec.) 

SQUARE D (SE) 85 35-70 UVT UVTD (1-1.5 Sec.) 

SAGE (NOVOMAX) 85 35-70 mT MTr (0.5. 1. 2, 3 Sec.) 

MOLLER (NZM) 85 35-70 u UV (0.1 Sec.) 

57. n1"i 1-ti\11U£Jtln"inJ1i'UJ1.1a~1\l~"iLL "i\I~U l ~vhfi1 Lfiuijflw LLUU? . ~ 

Ll?l!J~111.ln1'lfl fln LLtJtJeJ1.1mru"li1vtll'll?l1\l"~'lu'l\ll'i''U 1 wvhl.ll"1 Lii'UaJflVltJ11 
' iifl1'l~l?l~\11-li\11'U~1'U1'U 2 'lULLtJtJ~fl 

" 
• mrul.lld1"1li?\LL'l\ll'l'U1WVl1'1Jfl\IU'VI~\1~1!J Ll?l!JI.Il'l\1 (Under Voltage Trip 

Only) 

• mru~1-li\11'U~1~rltJ~LI'l!JLL'l\ll'i''UNI?ltifl~ (Under Voltage Trip + 

Voltage Relay) 



dTHJ\1 (Secondary or Back up Protection) 

'llfl\IL"'JeJ{fi~LmmneJ{ 1'WmrilvlLfiV~n'l::: LW 

lrJvh~'VI1\I"''i.f11tl 1'Utlf MOB L'li'U ~ Main 
" 

Bus 400 l n'lv1 'Y!~fl~mJmru1'1'Jvhu'i\111h 
' 

.rntJ1'U'YI~flU1nru1n~L~tl\ltl1Jtlf MOB. ii.J"'::: 
" 

ij n'i::: LLt'11 'I'JYJ 1LfVI1\I"''i 1 'YII'lii l'i 1 t'l \ll-11 n LLG'l::: 
" 

ii l'i1l-11m~flvi mJmnH.leJ.Jn'Um::: LLt'!Ln'W'WnV~ 
' 

(Over Current Function) ii.JLU'Ufll.Jmrui.JeJ\Ifl'U'Y!~n (Primary Protection) 'llfl\1 
' 

L "'JeJ{fi~ LmmneJ{vl1\11'U~VI1\I"''iVl'UViVi''U 1V~ (Instantaneous Trip) LL~1 'U'lJru::: L~ t11 

fl'U"' :::'I"J1J'lll'i1LL'i\I~'U1'1'JYJ1vi Bus 400 111'lvl n"' ::: ~nG'lVIG'l\IL'YI~fl'\Jfltln'll 70 % 

'1Jfl\I'WnVILL'i\I~'U1'1'JYJ1 it.J Under Voltage Trip n"':::~'i1"1~1J1~ LLG'l ::: l-Jfl\IL'\1'U'll 

'lJru:::J'ULnV~1'1'JYJ1~m\l"''i 1tJu1nru 1n~<i.Jvl1m'lff.Jl.JI'lm\l"''llihm'li'Wn'U (Back up 

Protection) 'Y!~fl 1-EL f!eJi.Jfl\lll'Ufll.Jmru1'1'JYJ1'lh'iVIL~ti'Y!1tl Lilfl\1"11mnV~1'1'JYJ1~1J 
' ' 

1 'I'Jn:::'I"J1u 1 'I'Jm:::"'J1n 'YI~flii LL 'l\I~'U 1 'I'JYJ1vhn-hl'i1'WnV~u 'l\I~'U 1 'I'JYJ11'li.J1'U'llfl\l 

fll.Jmru1'1'JYJ1 LU'UL11'l1'U1'U'1 
' 

59. Under Voltage Trip + Voltage Relay 'Vi1\11U£lU1\11,-? 

+ 

n·Hiiiili-i11Ui13Jn1J1uuiu1-ii~UNftl.lnii (Under Voltage Trip + Voltage 

Relay) 

l~Cll.J'i ::: t'l\1~ 'Unl'S 1-li.JTW 1 'U~m~ru:::if L'li'Uif L fl fl 1 'l"fiin1'lUfl\lfl'U LL'i\I~'U 
' 

1 'I'JYJ1vi~1t1 1 'l"fnu.rm:::vn\11 'I'JYJ1 it.J1~fl~1'W'WnV~vin1'YI'UV~11~1m-h'U 1uEJ'.JeJl.Jmru 
" ' 



1 vH'h L(;J ~1 LL'l v LL 'i\I~'UN(;J'l.Jntiiv ::vh m'illl'i1v1(;Jfi1 LL 'i\l~u 1 'V'Jvhvi a i:lua n Lnru'l'lvi 
" 

ri'TVI'W(;J11 v1mXu1LL'lVU'i\I~'UN(;J'l.Jntiinv::tt.J1'11 Auxilary Switchs 'ii.Ja~m~1u 
1LL'lVLb'i\I~'UN(;JUf11ii (viL!iEJEJ'Ufl'i~rllJ Under Voltage Trip) LU(;J1\I'V'i€Wn 'ii\lvd1NL'l 

' 
vh1'11 Coil 'lJEJ\1 Under Voltage Trip 1lJ:il1'V'JL~~\I v1mTu Under Voltage Trip ~\1 
tt.J1'11nL'l1n'llEJ\IL'l!EJ{iilllL11'imna{'l.Jt'l(;J1\I'V'illl1~~11u~t'I(;J 

' 
• L'li'W tlTVI'U(;JrJ1'lJEI\I Voltage Relay 11~ ± 15% 'lJEJ\IVlrl(;J LL'i\I~'U 

1'V'Ji\l1 'VI:f.J1~1'111~l1li1LL'i\I~'W1'V'Ji\l1lllf1i1fi1L'VI~EJiJmJf1l1 85% 'VI1EJ 

:f..l1nn11 115% 'llEI\IVlrl(;JU'i\I~'W1'V'J'i'l1 v1mTu1LL'lVU'i\I~'UN(;J'l.Jnlii 
(Voltage Relay) nv:::Ll'J(;J1\I'V'i (Contact 'lJEI\1 Voltage Relay v:: 

Change Over LU~~'Ut'lmu:::vln Close Position : Contact no. 

11 -14 or 13 1'l.JLU'U Open Position: Contact no. 11-12) 

LU'UNL'l'Yh1Vi'tlJi11'V'JL~~\111J-;J1~1'11nu'lJ(;JL'l1(;J'lJEJ\I Under Voltage Trip 

(LL'i\I~U:ilri1LU'UA'UV 'ii.Ji!EJ~nl1 70% 'lJEJ\IVlrl(;JU'i\I~'W1'V'J'i'l1) 
" 

vh 1'11L'lfEJ{iilllL11'inLna{nn'l.Jt'l(;l1\I'V'i 1u~t'/(;J 
" ' 

~ei1n~1un1~1~~1u 

Li!EJ\I'VlflEIUfl'icU Under Voltage Trip !iiEJ\IEll~~'VI~flnl'i'Yh\ll'U'lJEI\1 
' 

B1'U1'Vt'I'U1~u:IJ L'VI~ n1'V'J'i'l1 'V1f1U'i\I~'U 1vJvhvi-;J1~1'l'i'EJ~'lJ(;JL'l1(;J'lJEJ \I Under 

Voltage Trip LLLll L ,j El\l'V1f1 1 'U1.11\lt'lfl11:: 

L'li'U L~ EJLii (;I 1 'V'Ji\l1~(;11\I'V'i 1 'U'i::1J1J 1 'V'Ji\l1 

'VI1Elnl'iL~~Lai'ULI'l~ El\I~El LlllEJ{'lJ'U1(;1 1 'VIqj 
fl'V:::'Vll 1'11fi1LL'i\l~'U 1 'V'Ji\l1~rdEJ:f.J'lJV'I~1V'I'lJEI\l 

Under Voltage Trip l1ri1VIf1L'l(;Jt'l\loi1'1Jru:: 

(Voltage Dip) ~'U vh1'11i1m'itt.J1'11L'l!EJ{iilll 

LlJ'ifl Lfl af'l.J L'l(;J1\I'V'iEIElfl'Vh 1 '\1 Lii (;I NL'l Lfil ~ 

'VI1~1!ii 

~l'VIfm::uu 1 'V'J'i'llViL:!JVi.J'l.J'i:::t'l\1~ 
'V:: 1'11i1m'i'l.JL'l(;J1\l'V'iEIElf1UEI~I'lf\l Li!EJ\I'Vlfl 

U'i\I~'W1'V'J'i'l1VIf1,_&1'1Jru:: (Voltage Dip) oii.JEJ1v:ilNL'l'Yh1'11Lii(;JLU'U€i''UVI'i1~'V11EJ:il 

aJ ~rll Lfl!.JYI1!.) LU'U"h'U1'Ua.J1flVI1fl Lii (;I fll'iUL'l{;Jl \J'V'iU El!.) ~\1~1 LU'U!ii EJ\11L'l'a'l.J mru 
" ' 
Lt'11~1'11nu'lJ(;JL'l1(;J'lJEJ\I Under Voltage Trip L~a1'11:ilm'i'l.J'i ::l\ILJL'l1 (Delay 

Time) mJ1\lLYil.J1:: t'la.J rlEI'Ufl1'iUL'l(;J1\I'V'i 



60. Voltage Relay i1\11U£J~!l\11'1? 

~Lfi!ULL1\II1i'UiJr;ttlnlii (Voltage Relay) "J ::Vh'Yiihvil'lt~~ VI 'il"J-.tUI'lll'll13J 
N~l.Jn !li'IJEJ\!U'i\!r;i''U1v.Jvh 11:ijrl1bfi'Wn11virht'I'U~ (Setting) 1i'YI~a1l-J 'YI1mntm11 

viri'1'YI'U~1in"J::~\!1~ Main Circuit Breaker l.Jam\!"J'itlt~n if\!1'Wi1"J"JU'U Voltage 
' 

Relay 1 'U 'i::1J1J bb 'i\!~1tl1"J:ij'YI'W 1vi 01'i'Vh\!1'U b -rJ ~\!YJ\!noi'U b~ ~l'YI1S'Yit'l1 tJYJ\1 noi'U 
~ 

~hmi''U r;Y"i! 
• Under Voltage Detector 

• Over Voltage Detector 

• Unbalance Voltage Detector 

• Phase Rotation Detector 

• Phase Failure 

Voltage Relay 1'Wm\!"i'W~1:1n'irll.J1u~\!rl1'YI'Ill\!blt'l1 (Delay Time) ria'W 
' 

1.Ja~l\!"J'i1~ ~1'1'11u 1um\!"i'Wii1l-l ~13J1'irll.Jfu'YI 'Ill\! b 1a1 r;r"tfw.J1-E~\!I'll'i 
' " 

Vl"J11ru1 b~ an 1-EL ~ b 'Yim:: ~3J nu~ n'l!lru::\!1'W~l ~ bbt'l::"J1 n n1'il.J1u~\!ri1'1l'W1~ n11 

vl1\!1t.l'lltl\! Voltage Relay lYn"J::l.J1uV~13JI'll13J~~n'lla\!~~" 1~~U'i11'l"J1nm'i 1-E 
" " 

bl'l~EJ\!:ija~amVi~u (Variac) vl1\!1'W ~\!vl11~ Voltage Relay vl1\!1'Wrlti'W/'YI~\!blt'l1 

flt.\~3JI'll'i 

Lilt~\!"J1n Voltage Relay vi1-E1u1::uu 400 11a'l1 thu1'Yiqjdj'Uuuu 

Industrial Class if\!"J :: :ijri1 1'1113JI'lt'l1~bl'l~ti'W~\!U'i :: 3J1ru ± 5% bbt'l ::"J1nl.J'i :: ~u 
" 

n11rulYnwu11a1~n11 1-E\!1'W:n1 :: ~ :: na1riauoii1\!&'Wu'i::3J1ru 3-5 iJ ~"il~'Wa~nu 
aru'Yinii~uvi1oii"1~ ~1'W1'Yiru"J::mi1'WII'i MDB .zt":naru'Yinii~" ~\!vl11~m~m~Hi 
'I 'lJ ... 'lJ 'U 'I \1 'U 'I 

\!1'W&'Ua\! ua:::nm'ivl1\!1'WN~~t'l1~ria'W'ii1\!~\! vh 1 ~:ijn1'ivl1\!1'WUt'l~l\!"J'i 1~~ 1l-J:ij 
" 

~1 b'YIVI bn ~~'W r;i'\!tT'W ~\!t'l n~1~\!l'll'i'YI~'Wml"Jn1'ivl1\!1'W'llt!\!t!Un'iru'YI~ml.J~ ~'W 
' " ' 

V11m11:: if\!"J::~13J1'imh~a~Nam::Vlui1qJ'Y111vJY:hi~oiia\!a\!1~ 



.. 
fllfiL'II'I.Hl 

tmbl'Jihft1Uililillfl L'UVI I (illfll'I1Uil) IU~u~ht~ 
l~~~ 208 tluu:;v~'l11~ - ri1~u ~:i'liHf1~ a.l~a~ 
u;u~'l11~ 

m1J~l.lf1l'i~u~'hH111urmlJf1JN~'lm1J 6 '«~111~ ~ll 

L;u~ht~. u~~!l~llaU, ril'~~u. ri11h~ . L;umu 

ll~~'v1~Wl 

nn1vlVhri1u11iJmfl L'llVJ 2 (mmMi'lll) ll:rhnuhn 

l~~~ 350/9 11J~ 3 ll1J .~5 llUU~ll!lll~fl -l~'tl a~ ' 
' ' 

~.l'llJllU'U llJ~ll~ ~ .'Wll ll!l~fl 65000 

m1J~l.lf1l'i~ lm'hlvh'lumllJf1Ji1~'lfa1J 8 i~11llil ~a 
~llll!l~n. ~~m. mn, rilU'v1~lW'l!'i , ~~~li'v , ll'v1~ , 
' • < mu u~~~m~~ll 

nn1rJvhffTt.!iliJillfl L'UVI 3 (illfll'I1Ull) ll.L'IW1Jl . " ' 
l~~~ 13 llUUW11~1vfiu lil. 1'1~ l~~1Jrl'i ll.l~ll' 
U'v1~j 15000 

fl11J~l.lm'i~ll~'lvH1l'lumllJf1JNiil'l!ll1J 6 i'11llil ~ll 

lll~~l a,~~l lW'lf'i~'itU, Ufl'il'lm~, 
~li'un1u ll~~'li'vm'tl 

illfffllll~ 

nn1rlvhri1u~ilm11 L'llVJ 1 (illllll\'11~) 
" \l.W~~Uil~ff'Hltllitl1 

' ' ' 
l~~~ 46 \1~~ 6 !l.l'lltllll loHtJ lil.li'Uiil'il 

ll.'v1'i~Ufl'lr11ll~fitll ~ .W'i~Ufl'lr11ll~fitll 13000 

m1J~lJm'i~ll~1vlvh'\umllJf1Ji1~'lfll1J 7 i~11llil ~a 

W'i~umr~1a~Btll , l'imlll~ . U'Vll.lfil'W, l'l'i~~l umu1un, 

U'il~u~1 u~~l'l'i~llfl1 
llnLrJvhff1UiliJillll L'IIVI 2 (illllll\'11~) ll.'ll\'11Jl 

.J ,J ..:: <!I <:1 q 

m'\11'1 47/1 11~'rl 3 lil .ll'll.llil a . llJll~ ~.'l1~~'i 20000 

m1J~lJf1l'i~u~'\vl·rh'\umll.lf1Ji11il'lfll1J 5 i~11l'lil ~a 

'l!~~l U~l;,l'tl'il , 'i~VM, iu'r1~1 ll~~\il'il \il 
nnhlvhri1uililm11 L'IIVJ 3 (illllllL'IH) ll.urrnJ;nJ 

l~~~ 9/1 11~{1 lil .'l'llv1ll1 a .um'li'vr~1 ~ 
~ .umu~l.l 73120 

m1J~lJm'l~ll~Mvh'\umllJf1Ji11il'lfll1J 4 i~11l'lil ~a 

urmJ~lJ , a~'tl'i!llm , qvmru~~ ll!l:fllilJ1lU~'l 

WUWF'lson 1 W.F1. 2546 UlU:)U 50,000 1ciu 

"' "' .. fllff~::1'1HHlflLiiU~L'II'Utl 

nn1rlvhri1u~ilmfl L'llVJ 1 

(illflVJd'u!l!lllL~tJ~mi'lll) UVJ~li1U . . ' 
l~'\1~ 92 llU'Ilrf~l1lJ;U lil.\1l.llflll~' ll . l~ll~ 

1l.~\ilmu 4tooo 

fl'l1J~lJfll'i~ll!1'\~~11Ufl'l11J'lUNiil'lf!lU 7 ~~\1'llil ~ll 
~lil'ililU , 11Ull~rnv , '\Jauuriu, lM, l1fl~um , 

Url'iWUl.l ll~~\1Ull~ U1rll~ 

n1l1rlvhri1u~iJmfl L'UVJ 2 

(illflVl~l'llllllllL~!J~l'I1Uil) U1J!\~1'llli1U 
' ' ' 'I 

l~'ll~ 195 \1~~ 7 11'\lUl~V~l~ll~ \iUl~mllJ ll . l~ll~ 
~.~U~'il'lffilu 34000 

m1J~l.lf1l'i~Lm1vlvh'\umll.lfui11il'lfll1J 8 i~11llil ~a 

~1Jml'l1Blu, u1an'i, ~lltJ lalil , mwRu~. IJ11ll'll'iml.l, 

r~1!'1~lflll , ~fllill11l'i u~~l'ilul~lll~i\J 

ml1rlvhri1u~ilmfl L'llVJ 3 

(illllVJ~1u!ltJilL~u~mi'lll) ll.U!nl1'lllhn 

l~'ll~ 3 11~~ 1 !lUU~mmw lil.~'im1a.L~ll~ 

~ .um'il'l!am 3oooo 

m1J~lJm'i~ll~1vlvh'lufl 1llJ f1Ji11il'lfa1J 4 i~11l'\il ~a 

Ufl'i'il'l!aiJl, 'li'v~~. ~1fl.IO U~~~~U1'11 

mffl~ 
rm1rlvhri1u11ilmfl L'llVJ 1 (mfl1~J ll.rrmu1 . " ' 
W'U~ 360 llUU'i'lf~llVU 'il.illU\1~ll ll.l~ll ~ 

U'v1'lf'i~1 76000 

m1J~l.lfll'i~lw'tvl~l1umll.lf1Ji11il'lfll1J 6 i~11llil ~a 

lW'ln~5 . u'i~~11Jrn'li'u5, 'il'l1~la~ma~mll.l, ~lJ W'i 
lm~'i~Ull~ 

rm1rlvhri1u11ilmfl L'UVJ 2 (mfl1~) ll.Ufl~llllimm'll 
' " 

l~'U~ 167 llUU!'Iltllll l~tJ 'il.Ul l'll 'i ll.W'i~'v1 'i\1lJ 

~.umr~1mml'l! 80000 

rl'l1JfliJf1l'ililll~'1vl~l'lumllJ f1JNiil'l1lllJ 6 i~11llil ~ll 
' ' ' 

umr~1mml'l! , ~f~. m~iJ . ~mi.Jfolu, ~ lfl lil ll~~vr~~l 
nn1rlvhri1u11ilmfl b'llVJ 3 (mfll~J ll.tJ~ l11 
lii'U~ 59/27 !l~u~lml (~1~u~m - U.-JiillU) 

'il.l'IJ1~lJ a . u:~~ ~.i!~'illil 95ooo 

¥11U~IJf1l'i~lmhJ~llUfl111JfUN~'l!~U 6 i~11llil ~ll 

u: m, U'il'illU, m1ii11l1, l'l~'llm , a~~ LL(I :W'rl~~ 




