ok

RTINS SAsEsl =2 H19H H1S (011, 1)

Fuzzy Clustering2 0|23t &=7Ix¢2l

1ZsK(Voltage Sag)e] =HakE!

AZir X|sExpanded Severity Index) ¢4+t

9919°

AT

st AR
e-mail: wonwook@ku.kyungwon.ac.kr, kimys@kyungwon.ac.kr

A Study of Expanded Severity Index of Voltage Sag Using

Fuzzy Clusterin

Won-Wook Oh°, Yong-Su Kim"
°"Dept. of Computer Science, Kyungwon University

2

=2 A oME @ F SPsSag) Al &
(Voltage Sag Severity) A= 59
Severity) Ag= sagdide] £ w2

AAJaEEA]
A9} sag @3l “‘*EoP AEARE-Z]

o JHS

ot LRHEQJ EXE fuzzy clusteringg 53t m

ok
o}

e Wt Sag @Y AR =S B A=

A&Azrol digk dAXIele] vl2 gEsiictk ARRIsRE SR AJZ=(Expanded
F3s19t). 71Ee] dARE ®3sk= ITIC curveE 7wko 2

edoidE =43}31, medoide]

AP} A QA6 248 sag Ae] AZHES AIslel nashele. SR A A A Be BETe) o
A UIEREE A A 4] 2 A ojslol A SRIA A% W) SRS 03} 1ol S
B, APE Tt USsrk
Y E: &2t ML A5HSag), MZtE X|4(Voltage Sag Severity Index), Fuzzy Clustering
L M2 I, 2 A
el de RSt Qg A, dEd F Ve A
o L 1, &7IXQizI5|(Voltage Sag)
=52 Qe o 2 dE 4 Ag), 2 E"hﬂl% 7 4
& 27 5 2 ouuxm Al 1 wel ge et vle  EHEWES Ade W2Ale|ERE £ 2 wek daxlel d

H>
E
mg
%
SD
H> 2

olaL ek A, A (swell)zt 2ol
Vacycleali] + Aol uHT e 0 94 g olEs
gk kst oS B Ale] 8L Pk 53|, et
(Sag) Edoll thalx 7] B =9} 22 o] 7HA] AS 2
AHlE o] 8ste] HY F4o] AlEPds wolar ok mEgh oeket
A sk A 7] F4 IS flete] mie- a8k o)
2} & < SI1].

AlSE sag tlofElE IR FYUgH sag A|EARES] 71
AAXIeke] HIE JERE &tbHdsl Alzi=(Voltage Sag
Severity) ®|5=¢} fuzzy clusteringg- -83}] HHgo]—~ sag &
o] £XE FAA FHeE ATE 5 = g A=

A5 AR

Sho] Astsie Ze
A=) APt 1
2 opd A A

2] (3]

d3ict. IEEE 3or] Hqt e 37]
0% ~90%¢2] =22 TAsISE). Sag o
A’} 7sk= A7 (Undervoltage) 0 2 -7

2. Voltage Sag Severity X|4=

Voltage Sag Severity(A2ts) =5 At E4 AAIRE
S curves} vlarste] Z29€ et dlolel o] At g &
k= A= o3t 2o2].

~ 1-V7(d)
ksv(? B 17 I/;,'LH"L‘EI(d)

Se : Voltage Sag Severity(:21%)
V(d) : Sag A|&AIRE dB3ke) voltage

Veurve(d) @ U3t z&A7E] curveE Zar
AIAIXIE E3I5 Curved) FUgH XAk

13} AAI2)¢] voltage
Qo Se(A4=)%k

81



St=HFE RS S|

o
ol
o

o

205 =27 H198 H15 (2011, 1)

£ 10] Hr}. Curvenit} $lol) gjahcidl e} e o] H,
oleioll gAlch 1} ). Segko] 24 Sage] Alhew
ARA HcH4][5].

1o A0, 1)

e 95010 0.811 ,,,,,,,,,,,,,,,,,,,,,
SR ©Ci10,0.7)
i

08 ' ®Dp(10,0.6)

Voltage (pu)

H
02 !
i

Vi

D(cycle),
Vipu) ®Z
Yes
Vecurve,
Se(i) A 1k
30<D<600cycle
LogioD H 2t

[

1 10 100

Duration (cycles)

02l 1, Voltage Sag Severity X|5=2| of

Fig. 1. Example of Voltage Sag Severity Index

29 19 ITIC curveclx]e] sag @de] el A% 255 7
Ak kel ® 13 2tk

E 1, Voltage Sag Severity X|5=9] 0f
Table 1, Example of Voltage Sag Severity Index

=5 a2t Se Sag $&
1-1.0
= S{AL ol
A o070 Sag H& 813
1-0.8
=0. ANeE ==
B T 0.67 Sag A= =2
1-0. .
c T 10 Sag 2| 2t
1-0.6 olat =
=1.3: I8 mal oAk
D o7 133 SagE oIst mfaf ofjat
N £ =2
PR S N

1. Migksks afdeEl dZT X5 dmalE

712 4J7y=(Voltage Sag Severity) A<= FU3 A|&AI
o] AFAR] vuE FHHIL, A% AE I 15 A=
Z%te] HI2 FRSIeE] wiEel] el AR dgd] FE5k Hol
Uk ARIeE= g A e 2 @] YA 3 v
o thet HRE FTHHo R FX|sle] F3eles 1% 3.29
g9 Azhe A4{Expanded Severity Index) galgjEo = ot
ERT.

o=

82

D=600cycle

Fuzzy clustering

|

Cluster(N),
. Cluster(N)2| .
Se(h;e%o\d) — Se(man) A =] Expanded Severity(Sf)
Ri2 S AT A4 YmiE

Fig. 2. Expanded Severity Index algorithm

Aeksl= Expanded Severity Index &L
2 o]RoiHrt.

25 vl 9l

1) <=3 Hsag) AL Vie] A&A17HDuration)S- 1,
30, 600cycle¥ts|= T3}
29K @ 19HA|R FRE01Z Vsag tlole]e] Ak 1pu)=t
o A9 ul&V(pu), AEARE D(cycle)E APdeit.
3gA A AEARE A HIEE o83t ITIC curve
o] FAgk &k AAIX Veurve(d)e} sig At
o] A% Se(i)E thaat ol ARkt
. 1-W
SO =17, @
4 : A&A)7F DE Logloe = Wsksict
5eH7] : 3ekAle} AgAlel 78k Alzhe Se(i)eh LogDE o]

sl fuzzy clusteringS Alajatcl6].

N N

K lelm?km?kdu

c=Y "
Mg

Jj=1
My« 22 kel &3l i
dij oo} jel o] Zh

6% : Z}z} Clustere] medoid=E 2taz, 4

RS

MZbe Se(m) -



ol

HBUFELE

o

Sl

%
o

I

=03 ==& H19H H15 (2011, 1)

797 - Z¥2} Clustere] Azw=o] Hoigh Se(max)& ZH=th
8ctAl : Se(i), Se(m). St, Spu(xX)= o]&3sle] Expanded
Severity(S)E AXFI]

S (max)—8,(m)

e
St - S 0.9pu

Se(max) : Clusterje] Azt ozt

Se(m) : Fuzzy clusteringol] 2J& medoide] 7%

St : GAIA APde] AA=(=1)

S0.9pu @ Zgte] 0.9(pu) Aol AteR gk

Expanded Severity(S)=

9tHA| . Expanded Severity(S) *52 o]-&3}e] Sag Tt B
g,

2zl @—Sogpugl 739 1~30cycleq]l 7% 0.67,
30~600cycleq] 78- 0.509] ke Z8= droluz, #Ate] 4]
o 2Jaiix] x|a=e] gro] A HL). 4DAoA AEAIZHS LogloL.
2 HIBIE o= 7189 SeAle] A Y ALARMA
AYARE HlER AR, TLskA] ek AGAREL ] HlolE
F5 AlgelA] ¢k=t}. Duration-Voltage ZI&|ZojlM Y&
(Voltage)¥} gk 2 dolre] vz AXlEE=Z X&
(Duration) o] #215 o|-8317] flairE= Seo| wist 9] 0-19]
o R T BFofof gtk A&HARNS Loglogho = wska}
H, 1~10cyclee] AAe] e 0~13} FUSF W] Sloja] Alxlo]
7Fsslth 5o gk Jd wet tE gARE e R
Se] Z7|= #Ael o3l AAHct Se(max)a} Se(m)e] Fho] 2
opASE 002, WoldE 12 Zlsith 0o 243 ke 71
5 AR 278 sag Ado] WEHolal, e WER WA

o

ox

o =
Sohal B & gloh Lo % 3k 45E w2 de A9 9
o1zl LAl Sl o3 wAsE Ao 7153 &= itk Sag
Ffo] WAISIIAITE AAIX9F Uer} HAek =8 FAlslE A
= 059 A Froz AXtEL)
2, Ay 9 "ot

A¥e T3 33 o] 1~10cyclex} 0.7~0.9pu Alole] & 99
7he] sag &3 dloElsh ITIC curveE olg3te] Alasgit.

Valtage (%)

Duration (cycles)

o3 EEE AR NS YuiE

Fig. 3. Expanded Severity Index algorithm

Z}z}e] sag tloEle] AZh=e} loglO scale= WHEkslaL, x|
e fuzzy clusteringg o]83te] 3719 cluster® E-73}c)
¥ 2= fuzzy clustering AXRS: 53te] YL Aajgto 2, 370
<] clustere} Z4zke] medoid A&AREY, Alzbso] Al Aol

E 2. Fuzzy Clustering Data
Table 2, Fuzzy Clustering Data

Variable Cluster1 Cluster2 Cluster3
Duration of Medoid 0.342 0.6795 0.7053
Severity of Medoid 047 043 0.74

3% 4% 3719 clustere} medoid(M)2] Acdele] Exw=olc}.

Severity(Se)

« Al
. AZ

AV "?

Duration {logy; cycles)

% 4. Fuzzy Clustering 2E=
Fig. 4. Fuzzy Clustering Distribution

Expanded Severity(S)=

S -8,

e

S5

‘915 - SO,qu 1- SOAqu

I 43¢ Zizte] $X2 B89 Vel FezEge] AkE

HofFrk
E 3. Expanded Severity(S)2| Az}
Table 3, Expanded Severity(S) Post-test
Cluster
s Al A2 A3
Se 0.88 0.96 0.99
Sm 047 043 0.74
St 1 1 1
S09u 0.33 0.33 0.33
S 0.61 0.79 037
st "ot PPk AAIR ApSES

71& A7 = Se<] 0.88, 0.96, 0.99 #E3 W= Expanded
Severity(S)2] A7} 7+ 717} 0.61, 0.79, 0.372 At} Ale

0.61 F=]= 0.59]]

223}

= R el

g

1=)
42l

Aol o] Hrhgho =z Kol

83




SR FEIRESE] SA|

o

=0

=
1o
ol

3

I

Qld

1, A29] 0.79 A= 1ol ZAgetE . Us|=l vlo[E| = Azt
o} A32] 0.373k =3 e o7 HrlE)

v. 2 2

B =FoldE A3t event @ 5 713d8KSag) ol thsl
A] B4 27w (Expanded Voltage Sag Severity) 2|52 ot
shodet. 71Ee] AR A FYEE AGARTA sk A
4 JAR] st vlwE MEFHos FHEICH, ARlg A
= fuzzy clusteringe] Axke 2 =24 cluster medoidele] 4]
AER B3| W2 JRE A5 3 ATt e A=
o] 719} AAAR] FIRIA] A& WHEAR] SRIAE 03 1A}
olo] X2 BHTHO R sag Fte] HlolH o thgh Sl AR

£ 93¢ Bak] Ysierh
cegat A e Ao A dlolele] ol f-2 %

wshe HolEE Agale A oleigo] wer) HolE

3
o] 57k Ae5E 0AL WA 5 ek A Held 54
of N2 BuE sl A Bge] A Bl B 7] BHS

S5k, 715 eventol] thxd &= A== tire] 252 dlofg
AFlo] Pz, wak thE clustering 7S o]83}o]
ARE BEs Wl thal 248 Aagke ©Eshe YaeEls

7t 0w Basl

84

[1] Kezunovic, M. Liao, Y., “A novel method for equipment
sensitivity study during power quality events”, IEEE
Power Engineering Society Winter Meeting, 2000
IEEE, “Recommended Practice for Electric Power
Distribution for Industrial Plants”, IEEE Std 1159
IEEE, "IEEE Recommended Practice for Monitoring
Electric Power Quality", IEEE Std 1346, 1998

N. S. Tunaboylu, E. R. Collins, Jr., and P. R. Chaney,
“Voltage disturbance evaluation using the missing

(2]

(3]

(4]

voltage technique,” in Proc. 8th Int. Conf. Harmonics
and Quality of Power, pp.577~582. 1998

Frantisek Kinces, “Voltage sag indices and statistics”,
Chalmers University of Technology, 2004

Kaufman, 1. and Rousseeuw, P.J.,“Finding Groups in
Data”, John wiley & Sons, Ltd, Chichester, 1990

(5]

6]





