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Abstract - In front of the opening of electric
distribution market in 2004, it is indispensable
to have a proper estimation of -power quality
index and power quality cost calcluation
mechanism ‘are indispensable to stabilize highly
industrialized ' society and to vitalize the
investment for electric power system. However,
there were not enough measures to reflect the
voltage characteristics such as volatge sags and
interruptions . which make electric load in
unstable operation. This paper suggests power
quality index(LDI) and power quality cost(LDC)
which translate ‘various kinds of voltage records
into load  drop index and cost based on
aggregated  load CBEMA curve. A. sample
calculation result shows that this method can
produces the acceptable power quality index and
costs for utilities and customers requirements.
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o 13 204 8758 AMAEe FALLS 9F
TAJAAA, RAALGL olAZF FHdo FAZA .
v AgnEadel BAY d9e] F/IAAT £33
ol ARG AAel Qo] v Weo] A&7 " A
otH A (voltage sag)el EET BAE Hole Fo] ¥
A oln] | o] EEGNE 2HE orld RFr|2 @t

CBEMA A& 9 main frame computere] W&
ARG o3 A" Aoz AYZEdD. Kyei,
Ayyanar, Heydt, Tallam, Bleven(2}5& 2 ¥
Rt H87ts $AYGHE 238 A8l DC AR
g 209 %A 2 A7 dd BAE FAEH
A9 CBEMA 343 v£d ZAxE 4. DCAY
AFEed AL FFI P FHAY 87%°1EE
SAR=AE NFH AAHY Fr|EeR F AE
waich(2). whep o] B Fo] FAle] IFHE e @
el DC 32 "HE 71 3% dAEdA FFRVN(E
= HYREE 713 34 Graetz BHRA L) A&
H2g9 DC 28A¢ez t}S AL = U,

Vi(t) = V, g+ 0.288¢ 1% 4 (0.712— V,,)e” ¥
(1)

AP AY AEel HolA TR vz V, = 087
Bdu FA vde 7t et el A (DA
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BT

V. , =
end 1

(2)

o]Rol CBEMA F49 AA @ A& Uehie

F4eolnh,

2 23 Fah} BEUE 3L EEYRA o AF
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AAREE " g otz &£x7) HoAAdE <He
2% 7120l Y& Aot} FnEYH (2-3)& °] F¥9
& drsdc. Avde g4 55 JIES A &3
W Ay B2 ZTHEe CBEMA FAA 4 24d
e fANE dubdel  PEE Zedes Aot
Kyeisms 5% AC vladlg Hgloldl Wig force
standard o WAME =39tt(4). 97|z AH §
£ ZXNE CBEMA FAI #AG 498 2. *
she T Ed Raddn AL e JHAl
t}. ztztel FAd mE PI %X FHE FHIE 2
4 33 22 ML ALY a2HoAN AF 9 A
YorEgdgoltt. HA dHolHE stz AEF ulel 9
39 2 F godo] 2¢ 191 CBEMA FAF w5
fAEIgE 2 2 9 5 o
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Asl 2% dde Hesan. adm 4 A
s9ge Gl Yt d9e FrAozE 875

i, o2 RaeAEe 8ol 7t 990l Eo

galA =8 AEL AAYG AHd Sl BAsE AHAA
o #gagel ¥y, afx o8 7R A AFARE
T 2L AAAQA A& AdFse A ol Te| @
A A (point-on-wave) < A¥H¢ <=4 Collins,
Morgan, Mansoor(5-6)}%5°] +=3&Rct. 74 v 3
29 BAAME 71F 2 d&d DA Ty FH
2olA Atk ERF 33(F sagd fEse 34 An
o §3)& 2F dynamics® I 1Yle BHVI AL
< ZFY u 29 A g ZAFo U oujEA
A" 4+ A}(4).

2.2 IEEE X& 1159

IEEE & 1159(9)¢ AZAl2d Ade] 5 4¥
A W3s AAs FUA9. ¥ 12 IEEE 115994
Agsln e £ol9 Ay 71t EFelth. 44 BE
€ °lE 717HE cycle 2 WY E 28 ARE JHE
P AEE ALY A2 vebd Aol

E 1. @713 AgHFel 71z (IEEE 1159, 712
60Hz Al2%°A] millisconds)

471 dEe ¥y
¥ 3te] |Instantante] Momentar
o & Temporary
T s ous y
bas 8.33-3000 | 3000-60000
sag 8.33-500 | 500-3000 | 3000-60000
Swell 8.33-500 | 500-3000 | 3000-60000

E 2. @73 ¥ A dge 27 £/ (p.u)

@1z AE ¥e
w3lel |Instantante] Momenta | Temporar
3 ous Iy y
A <01 <0.1
sag 0.1-0.9 0.1-0.9 0.1-0.9
Swell 1.1-18 11-14 11-1.2
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tt. 2 Frle AAYEL AHAA A, 45 R
LAAREE 2" 49 8% Be  dehdrh
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CBEMA A4 ztzt A g Alddd wigd ¢ 3
©, IEEE 1159, IEEE 1250, IEEE 8599 371#
IEEE ESES 29 494 929 713 34 21 d
A& JeERATH(9-11].
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2.3 M EX NHQ MH{EF HIZ ,
AAE L EZE BAES FF38] A AF A
Fol g2erh oW Ao o] WMol Fug &4
ZoldA BPHL gsidted =2& FAT, 20
Ao AXESo BWRY FEE AYZ FohlA
o] AR f4E NHALE ALE Yo A¥EH
2 % SAIFI(System Average Interruption Frequency
Index)Y} SAIDI(System Average Interruption Duration
Index), ZEl3 SARFI(System Average RMS {variation)
Frequency Index Voltage Threshold)E3 Z& Al 3
o o) FFaHdct

o u du o

739 A9 (momehtary interruption)el whsiA
=

- SAIFI=

A%AQ Ao gain e
- 'SAIFI= —

kAl o) ol A e
- SAIDI = ( RE€ A7t F)/(F 258 A
349 )

- SARFI%V = (rms{%V ¢ s H3}E F +
471 o )/ (F £ F)

AR Ax AREL A Asdimd wAF Aol
Aok 4y AYIAEe AYFA FERE AR AF
Age] s 4@t gAY, Ad As AHER
AREL 47 ¥a 229 dolgz APHA R
53 Balel ¥4 544 wHo F HdAE /4
CBEMA Z4e B3 $9% ¥3 4L #EY &
Qe AHel s

of Ao A sags F3 §F4E 2T Az A
HAEQ AE LS /AR 2 FFEe HdA B
AEED 2e destn APHA AFAE 2HE Rl
et ¥4 HEE FRE de A £ Uobh
271402 Ao WraN FowA, HolH Heine.
2 A2 ARE g F sl At

2.3.1. 3¢ o FIL

olde] AREL Ad AFE JehiEd H Rk
239 Agd WY Fase AY AAFe A
oe gy 9¥949e TRz Hrlstede oA¥
o] 9%tt. o] =EAAE I FEE T s HAY
239 7 7150l GFL FE Adel 9dd FF
A 2L A% & AYFA ARE AP, 4
o] AYIF 2FANEL 28 599 CBEMA FA4A4
8 Hoz EAET. o BEL FF 7 73T o4
agsid. o] Mde B8 B4 BE gAY 4A
o 32% Rolth. Wk m 2§ A el Am &
age n Hel AY A 7150 gz 3 2 9F
o dg A Gge & Zol k.

2.3.2 &gt 1@t I} OILIR B2

W,= /(AV,-)zdt for Al T @

I = 1.2.3,...nk (IEEE 1159¢) gelg Az
& 2% k2 £7E Ad2)

712 kel & 2 A oo} Bk

A _ ‘
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A7 E(k)ye & 7IZ}°ﬂ‘ glol AZE B g
@3t sagd] ol dEh] Y sagd B7HY IFE&
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A ATz AoE 5 Jdov, AGA &9 AFHA
Ztel A FA Ao UF J1ExAEEA AHEE ¢ o
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P EY # 37 2} ol AREL 53 2Md o
3 A A9 "W AYE dF¥sed 543
agAT, AYG JTo] B FE 2FL o]E Has
o] At sagel UF g EN2E TOHE BA
74 €. gde] o R g=d 4L Adste
R, & AAYG 24 &) eyt A7 shedE A
3171 f8, FolQ Rle} gsl CBEMA A& A&
ste o] FEsSI. F3 F3 (2)= °l1RAE €A H
BHaertg RdEo).

¥ 3. d¥& EFe B/

instantenous E, m
Momentary E, ny
Temporary By ny
Sustained Ey mny

2.3.3 QS0 (I8t Fot2 Hoty MY

o2 7bA FeEe R3E AR e BAC didd,
A sagsh 7179 B FrzA RIELE ¥HIe=
Aol shgstct. 2z Rate] REH¥e wE AW
CBEMA Fide BAAA ZAAE zqFeozA A4
7bFssict. A 2@ dlolelgk CBEMA 48 & 7AW,
24 71 gl wE e A HEE 4E & ok 2
H 68 WEAY 37HA Fah, AA g, Ane g ¥
Aziel ¢ CBEMAFAS oot 28 69 2 ¥
< BAFE £ gl A4 A 9994 Rl Aede
AY sag AFE viepdch A A 44 EE
kel ok 10%] @idd ®elrh. e oW A} o

@] Aol 99 c29) AehA A A, AvH, =g -

7 34 gEn. old FEE JNYE, 47t BF
53 g3+ g Adske Aol 7

&

CIVARC ]
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0.001 oot 61 1 p 0 ¢ 100 e {5}

® toeteric e (7) imvetes ) Mo

39 6. BYHA 25 RN sagsh e 8@
3o AUAY

2.4 F2JHIM 2 M3 OHE s o

A4 ool A% AR NP IPEL AEE
Arslue AL FLah olF e WF s g
AES BF B2 vgolde A& i NES
GEE Y

241 B 26 €2 NHEADD A

B 49} Zo] ¥ HEn 78 T 0P EHE 7}
Ax ReBA, &F 7I11EL CBEMA ZAgA A
& 7182 & 59 o] Zu e FEUIE A4FEEAL
7t AIZE gEE Bt #3229 A EE 9e 2o

2N B¢ 38 29 A% (LDD

=Y (@77 A5 CBEMA ZAAAS 2aigd)  (4)

LDI(5)= Y, (2988 x W, x 22%4 v (L)
(5)

R3 g8 282 7 B4 dodddA 12 AFEdE
LDI(3) =2 99 Ni A9 A3 £ x 8 92 ¥lg (Li)

(6)
B 4. 73 74 9249 o

Load |Electronic| Inverter | Motor | Resistive
type Le Li Lm Lr

Percent | 50% 10% | 20% | 20%

® 5 29 69 A sagd AD HF7E

IEEE 1159 |al -ibl ~|¢l ~ 10%
class ad [bvalca P v Total
Instantaneous| 2 3 3 1 3 12
Momentary 2 3 1 0 2 8
Temporary 1 2 110 2 6
Sustained 0 2 0 0 2
Total 5 1101| 5 1 9 30

B 4% 5% A 3-59f A 4s¥ LDIE E 63 o] A
&€},

E 6. 57t #3 @5 A (3)

IEEE 1159 LDI(k) Even@ in each

class duration class
Instantaneous|{ 8.9 12
Momentary 5.6 8
Temporary 4.5 6
Sustained 3.2 4
Total 22.2 30
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ol ¥& g HAFe £471 ZA oo oF ¥ g
gAote AYFL Q9224 4P + g o LDI
E Fold BAAM APFL 9718 Adsted A&
T E 6914 LDIE Z Aldel 7tE % 743X 7%
& 57 fA5AdgE Aol Fasth o WwEez St
yatgs s} A ‘

2.4.2 MRAZZO| J12(LDC)

IEEE 1159 ¢ Zt AFd %% LDI9 @& 71AE,

F&7te dig AHEL HEE Adsle Aol 7bF
sioh. ddel AG vjgo WPy dFEe] FnEY
(123,013 #AIslo] Sich. HEAHQ v] Sz b
RN EEEE 7ol A H AT At aAHe] Wy
dxste AAH HolHE ALEE Re s, X
7& @ djolt},

£ 6 57 Raudus (2)

IEEE 1159 | Events in each| -
- |LDI(k} .
class ‘ duration class
Instantaneous | - 8.9 12
Momentary | 5.6 8
Temporary 45
Sustained 32 4

Total - | 222 30

7. zéa Ae 3T 08

Average cost
IEEE 1159 class
(US$/kW) [12]
Instantaneous . 0.078
Momentary 0.176
Temporary. 1.22
Sustained 3.63

£ 79 ABSe BT ¥ 2k (LDC:Average
Load Drop Cost)o2 F¥HE ¥l &5d gg &
ALEA EE 27 A4 AU

LDC=) C; x LDI(i) @)
Ci £ IEEE 1159 A 52 Ag9 H# 2 v

golch: o dejA LDCE 18.78USS/kWZ AHA
g,

2.5 AAE HS0IO| M4
AN 2N 8718 AT FAE, 498 284

&, tdggoz BRAT oW A W St
FHUIES 3 $AHE PE 2D ¥ UG, o

£ E 8% o] 7oA Relth 4 Y49 £e71EE
AYH ¥ak 74 EFE Ul 5 Ud olF o
o|H% 713 CBEMA 34& Az ¥ 9 2YE
A ARG A o) 2R H2E o) e
79 7€ LDIS LDCO] B@ A4 %3 Uehd Re]
oh.

E 8. #87F 74y

Type | Residential | commercial | Industrial 1] Industrial 2 |

(%] pr pc Pil Pi2

measwiement at PCC

Y sag  intemuption
5 I
source vokage el 1

) Lol - »
Load compostion windows [%]
@ Resistive load @ Electonic boad
@& Inverterload Ratating machine
Total Bus Power at PCC =P (kW] R
contents Hesidential | Commercial | industrid 1 | Indushia 2
Buspower  percentage(%} | Rr Ae Ril A2
engin | L G Lo |
Comtir | R | o o | o | o2
Sustained Cis Ces | Cils e

:L%i 7. CBEMA 43} sghulo] 248
AGEFL AxES 714 AL =

ofel = A4t whiel fofelr).

1. 2 %3 2¥¢] 0@ CBEMA 2HL AR

2.4 ()& AAM 4 AEEH 63"&0] -rﬁ} T°r o F

€ 544 *Ee e

3. 7t& CBEMA =4 % TAET.

4. CBEMA 349 A%t &% IEEE 1159-4 @4011

w&  instantenous, momentary Temporary

Sustained H22 BRI} '

5. 71548 AHFA (A 71359 RMS ZWJO@ b=

UHd¥ @#)& CBEMA IMeoz Hsim ¥atel &

2o tgsles FARESS Fohirt

6. LDIS} LDC(%3 2¥olu Fd uig @ 23

o] W &)E Hrsta ojd] Wgdte A WL FT

=3
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ol A= CBEMA 43t 715, Fd 713 <14
712% F¥FZ AE LDIS LDCE ALt 53
g 24 Rale] dal 2t sags AEE vehd § gl
€ AREL FESIAR(LDDS ¥ $(LDC)elt}. of
F AREL F871 744 delE, R FHFR, 1
2l CBEMA 43t cost dlojEle] o]&e] oi#] A4}
2 F U o] WEL Aze 3 dsgled,
Ag3e] 4. 3DE AR ASd g FHe v
43 Ag xS LREcE ol ol AEEL
AHALY AR 8 L F2E YHoE FHAE
7t4 ARE & F U

Zt 71ztel A AS HAFLS AF uA HEe
vehdn, o] didx] fde &3 24 9 Ba)
7l B RAAFAS 4A¢ 28840 ¥
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