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Establishment of Preventive Measures against Faults Based on the Area of
Severity to Voltage Sags
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Abstract - This paper presents an effective approach for establishing countermeasures against voltage sags based on the
concept of area of severity. In order to apply preventive measures against faults such as lightning arrester, overhead earth
wires and so on, it is important to find optimal points for installing the preventive measures. The optimal points can be
determined by the calculation of the area of severity(AOS) to voltage sags and the expected sag frequency per unit length of
line. In this paper, an effective method to find optimal points to apply countermeasures against voltage sags is addressed with

case studies.

Key Words :

LA &

UG dshe AWl Bidet Bote Al8ste TR
Se BHoE e S dYEd EAE QAEL Ath &
2 ARESCH] deida Sl etdddste U Folol @
A £ gE 59 EAIE oIeitt, 2]. Sol gE Aof 7]
thol xtsst g€ 2ol A A AlddMe 58 71719
QEHOE Qs A g0l sHE + Aom o Hig 4
AA Ede fdoiAl "2, 3] 87M00A9 =dEAdstol
ot tiale vz Roltte S4CR 2 HAEHIE dAlsto]
2&dte 2ol dutsoltt. olHx] MFERE Eolohe HYH
& AHEE HuA 7o) mEo] HE A s&7tollA AR
2&Ie SHECR ofgrt B Ay 33 ASA Hed
T e sEgdst Ad tEER HE alEo] T2, &
RGeS =2 A0l ASoIMY ARIOIEHE Al S
E017] QIgt ZEAQ thAlnt b v Helt el EEd

oA B HA Z2EE 2@t AS 8 Wg S0l AU, 41
Sa ASFHAY tES E $8710149 [y HSAH]
£ AXok= 2] Hish debEoR o & tid Hlgo] WdstA]

ML

+*  Corresponding Author Depart. of New and Renewable

Energy, Kyungil University, Korea
E-mail : dhyoon@kiu.ac.kr

= Depart. of Electrical Engineering, Pukyong National University,
Korea

=% School of Electrical Engineering, Korea University, Korea

=#x% School of Electrical & Railway Engineering, Kyungil University,
Korea

Received : September 19, 2015; Accepted : October 27, 2015

Area of severity(AOS), Area of vulnerability(AOV), Power quality, Voltage sags, Voltage sag mitigation

o AE AAFoR s suE de 4+ A FFE rh
metd, 35 AS FHOA9 S3t
AsU 2E9 thd &g Aol thet gm & go] me o1t
Aerdst Aggamo] tist 7 S0] OlFo&oF sttt et
SFASSHOA Y SZHEAASH T =He Qs sarEQl |t
HEOILE Az}l tigt A= oFF] FESH AFolt).

2 =2 oEgdst Age st Alaole oz AE704
A e e AMersith AsW the9 wg Fote dHst ott
HAAL3EH 71ER 9 (area of severity(AOS)) QZEE] Alal HO
2 71E 2 IlElE oplg ZIoR oidE s A AR 9 Y
g LESITH

B
&
Z
2L
9
i
fjo o
e
:OQ
>

s

u}

12

2. 27 A SWOINY T

ug gzt & ndE Yal
olkel Atz 7]QISH} AtalE gl
HIwE Agzst Zo] 431 A8 §e Ko :
meEtA] = EAYgdst dag fRFog £o)7] sl Atatold
a0 HEE 1HE 4 Ut ASolAQ Aral ofg tiaio
2= 2 AA, ofxt FA(nsulator washing), I&7](surge
arrester) AX|, 88 JIg T7| flor Hsth AX|, Z0HE O
AP SAES S0] Uik ol st Abaloldr tha] Qo MElgg
ASAY HE 7t HACREE HE AW AIAHY W,
Zh Hateh 2ol R A, AS Y WE S0] Utk A
HS AAH" §Z0 49 AR 2lEls &7 EgAsto] A
SAIE B0l= SUE dg + Atk ASAdAe Hs A™ A
HIE9 ds HAu vk 25le 407 ot B AF HA9)
ZHES WEoE SIEgsiE Qs 1lsig & i}

o 2 o

Copyright © The Korean Institute of Electrical Engineers 1611
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



HM7|&s=gX 643 115 20154 11€

7t 871 Bdo] ERYe Fohke AR SARYds thao
2 A At gPkEoR WA ke fIXlo s &
7oA & g B 4 U2l J2lal BA9 Bet 35 Al
9 tgidsiel 22 As 4y WEg S e A A
Ch olzfst HAEe FHEFOZA IEedstol tsh FOkK
®(area of vulnerability(AOV))0] E20EA Ho FLEIE &
g 4 QUr} oY Ao oy A2V dEE o] Qs AR, Q1
g HAZ0|A9 Atalo] oef FRYgdelE 49T g80l U =
OMRAl T A9 AlSolA9 Q&tdgro] 5t A=Zol] AEH =
710 Itz u] ]74] =it} ET\% ozt /\_9_7]-0“ 27l O]Ak9] =

He HHAERE H=Eg dg6to] ekl By
VEE AQFE Sl shLte I3 ASollAl Qg WAl 4155 l
[ 23 AEoR Aghsto] etRedst e xadst 4+ 9
ol otk & S 7] fleiMe 2709 =9 HEarE "7
OF Jksth "yl 9ojd g "ert ok Il 24 229
Aee W £8718 7ksth Ho 33 ARE ok Ae
2 8 oA AR QI8 Hgkg £ol= thaolet & 4=

E
=
e)

i

EN
ALt olgt A2 AS T WEL A AEoR s08gd
sfoll tist AOVE £0F= &It AT ASS S& A%
%= A a1eiE o] =

AZE|0JoF STt i274]5 ’(D%ﬂ/kﬂol I
OFZIE IRMES /W HEltlolA] AL 71ss H
WA AHIEO] A2QETE Jefuh thA Q%OH EE}E ik 39
QoA MAA Bz ASH tel v Bolrt EXg 49
HIEUH & SIE de 4 Atk ASSHIAS thdl +e
QISt SuFAQl ARt Wl B HAjo] FQsith

3. 7IZAIH(A0S)Q] Attt thd ¥

31 TG FHARNGAOV)I 7HEAIH(ACS)

SH AS SHIAN tElee HluA & tiF HIgo] 2
otal ASUl tel B Boteo] dgke nAER thia Ao
e ol tich 243 25 o A8 fIXE é@é}é Z10]

mi Stk 7H8 ASoIA Y=g 59 MR=
HEE flol uFY|E dxlstal ATt Eo ”?E]E 9_@ ARl 2
4 ade sl 7SR s dRlsk Stk AS
g2 Qdll AFALZE dde = il ol eXdedst e
2 OlojTh metA wEr] B 7ISAA S8

%‘70}6} Ags flet FF9 QARE FHe + ‘2111}1?3 HI}
280| 7ksg ZOIth Al o tialE
=GBt AR kg 2 ASU 51
= AAERD dEo] dQsith

=wolA Aotk dHe ASU Teel mig Foitol
HAFEet AOSE ol8sh= BHOITE AOSE 271 flal
A ZF Rafctol theh =rddat Aovel ALtol EQ
Sith AOVE AlSUl S8 Kol Fold SAFY olste det
4olE olshs AISU AbLL fIRIES] Fetew gog + At
[6]. 18 12 v Fsto] ok AovY ofolth. v Faie &
HOR O GHI AOVOIAl AfaZh EdsHA BH sig ®l

+ o re

@

)

1612

7 Jstol SvEdstt ehdsto] wsiE YA S UERICH
W 58 Hsioola B4 StARYol thsh AOVE Altlst=
FaEsl [Blol aviEo] Qltk 71EFog AsW He
MZoA EF oA Aol thet JA™ (critical point; CP)E
Z 1 AARES d9sisto]l AoveE ZESHA Eoh AoVl
sUl Atalg EIoHE o186t B8 HolHolA9 gy &
ot il Sl FAHe Jhssitt6-8]. Alsols T
sh7b £ = o ZHZto] ths AOVE ALt &

t 2ols9 ASW fIXlol w2t 2249 AOVE AE 5
| 2AEHA HCh ol A0SEl AoIsHel. 18 2

3709 wizh Batoll thst A0Se] ofjoltt, AEW A, B, CQ A]
CHE QAo W =877 Exfistal ZF =870 thst AoV
Oy Aok g o) 3709 AoVyE EFEE BEo] EXis)
Hrh 3709 AOVZE BE HAKE BE, 27 EARE B
Ho] AAAA E= BEOl EAsitt 3719 AoV R E
= BHEol| AlaZt 2ASHA EH A, B, C W7 8710 SAl

Normal Operation

a: | Abnormal Operation
ite
8 1 edgsto] thsh FOFRIS(A0V)
Fig. 1 AOV to voltage sag

|

rg 4L
o)

N

ooy 2 o

e}

rr
— 02
FE _IE

Da TR cl i N T ;0 SR = . )

Sensitive

I Equipment

Area of Vulnerability for B Area of Vulnerability for A

AOS,(A+B)
AOS,(B+C)

AOS,(A+C)

Area of Vulnerability for C

J8 2 SUEYgLetol thst 7= A9 (A0S)
Fig. 2 AOS to voltage sags



of &=

oo

a7t ddstol mElg UA e UEpdch 2471
3x9 #=87t & 2xHlolAl SAlol &g
I e AL GBS LIERICE

ihy
2,
Pa)
rr
[
AL
rlo

AP
3.2 AOS At B

AOVEERE AOSE Aitshs 712 Fxle thadt 2t 2719
el WA, A, Boll IS AOVERE] AOSE Allsl= gHle A
oIt HA F-T AlolE 91ZsH= AZo] Tt AoV g9 o
Ol XWe ThSi} Zo] Ha¥rh

[From bus, To bus, line length, CP11, CP12, CP21, CP22]

oEE50], AOV 99 dolElZ} [1, 2, 10, 0, 0.3, 0.7, 1.0]2
FEH, 1H HAOA 20 RBAS dZsHE ARE 0-3kmet
7-10km ¥Yo] AOV FYoll EgEE= Zle ouisith T4 &
A A% Boll thet AOV g9 HlolH7} SYs B8 HZoA &
HETiH, 2ZF AREA cpol tish sig AZ29] A0SE Thailt
Zo| AFHr].,

) 58 HA=29 A0V &9 HolH:= 4] (1), )8 &o] Fo
Zlot

CP(AOV) =[CP 11, CP 1y, CP 15 CP @
CPy(AOV) = [CPyy, CPyyy; CPpyy5 CPpy | @

(i) A Qg olgslo AMZE FFHE 998 4 @e} Zo
Z=r) o] EF QYo CcPe N/ A RAof tigt A0S 45
ol w2t ol N+ 7R Ve 4 ATk

CP,,(AOV) = CP,(AOV) " CP,(AOV) 3)
CPAB(AOI/) = [CPAUH’ CVF)AUIQ7 CPAUQI’ CPAUQQ’ cF’Ab’?)l’ CPAU?)Q]
4

(i) 71 A9 5% A0S9 CPe=
2 ZHAI

Al (5)QF &0l AOV ZIE

CP,,(A0S) = CP,,(A0V) ®)

iv) A (G)0A 8t A0S FA& oI?l & AOVOIA &A
oto] ot 9 AOSE A (6), (N} ZO] Aldteith

cP,(A0S) = cP,(A0OV)— CP, ,(AOV) )

CPL(A0S) = CP,(AOV)— CP,z(AOV) )

A9 ] Hdol tigh 7 E9 A0S g9 Tt 2ol
F9E 4 Atk

CPMAO0S) = CP,(A0V)N CPz(A0V)N...N CPy(A0V)  (8)

U Yt JhE X0 T|ekE AtTofdt oz 2

Trans. KIEE. Vol. 64, No. 11, NOV, 2015

CP"(A0S) = CP"(AOV) — ﬁ CPH(A0S) 9

k=n+1

AOV g9 TloJEIZE Al (1), (2)9F Zo] FojZIrHA,

59 g9e rigyt 2ol F8E 4 rk

Al ()9

min_CP_A = min(CP_A_11, CP_A_12)
min_CP_B = min(CP_B_11, CP_B_12)
max_CP_A = max(CP_A_11, CP_A_12)
max_CP_B = max(CP_B_11, CP_B_12)
CP_AB_11_AOV = max(min_CP_A, min_CP_B)
CP_AB_12_AOV = min(max_CP_A, max_CP_B)
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if (CP_LAB_11_AOS == CP_A_11)
if (CP_AB_12_AOS != CP_A_12)
CP_A_11_AOS = CP_AB_12_AOS

CP_A_12_A0S = CP_A_12

else

CP_A_11_AOS = 0
CP_A_12_A0S = 0

end

else

if (CP_AB_11_AOS == CP_A_11)
CP_A_11_AOS = 0
CP_A_12_A0S = 0

else

CP_A_11_AOS = CP_A_11
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end

end
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SLGF 3.360
LLF 0.210
DLGF 0.462
3PF 0.168
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¥ 2 2 A=2o] tigh UESFL 2t
Table 2 UESFL for each line

Line UESFL Line UESFL
(event/year-km) (event/year-km)
1 2 0.030 24 | 25 0.017
1] 15 0.042 25 | 30 0.017
1116 0.003 26 | 27 0.015
1|17 0.005 27 | 28 0.014
2 0.018 28 | 29 0.020
3 4 0.029 29 | 52 0.017
3 ] 15 0.061 30 | 31 0.017
4 5 0.001 31 | 32 0.016
4 6 0.002 32 | 33 0.013
5 6 0.002 34 | 35 0.003
6 7 0.012 35 | 36 0.003
6 8 0.007 36 | 37 0.005
7 8 0.032 36 | 40 0.003
8 9 0.061 37 | 38 0.006
9 | 10 0.011 37 | 39 0.004
9 | 11 0.036 38 | 44 0.006
9 | 12 0.009 38 | 48 0.008
9 | 13 0.040 38 | 49 0.005
10 | 12 0.008 41 | 42 0.000
11 | 13 0.049 41 | 43 0.000
12 | 13 0.076 41 | 56 0.000
12 | 16 0.010 42| 56 0.000
12 | 17 0.005 44 | 45 0.004
13| 14 0.095 46 | 47 0.009
13| 15 0.069 47 | 48 0.009
14 | 15 0.084 48 | 49 0.004
18 | 19 0.000 49 | 50 0.001
19| 20 0.000 50 | 51 0.000
21| 22 0.004 52 | 53 0.017
22| 23 0.006 53 | 54 0.017
22| 38 0.006 54 | b5 0.017
23| 24 0.016 56 | 57 0.000

Wz, O7 62 34 Abalol TSt AOSE UERH ZojT.
A0S ALt A3k 3719] T Fot ko] etdddstE oplct
= AOS;= 13# RA 1 FHol Exfsts Zg =2ld = /U
Ok AL (D-@ek & 19 AldezRE 2 d=ol g dojol
oigh e=detdst ofld SdslE Aldtstol & 201 Felsid
Ch 08 72 % 29 Aus Jffz= Lol 7 A=d=E o
A 4915 #2718 Aol
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