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Calculation of the Area of Severity for Voltage Sag Assessment

I AR -
(Chang-Hyun Park - Junhee Hong)

Abstract - This paper presents a calculation method of the area of severity for the stochastic assessment of voltage
sags. In general, the annual expected numbers of voltage sags at an individual load point can be estimated stochastically.
However, in order to assess the system voltage sag performance considering many sensitive load points together, it is
necessary to determine and analysis the area of severity for the load points. The area of severity to voltage sags is the
network region where the fault occurrences will simultaneously lead to voltage sags at different load points. In this
paper, the concept of the voltage sag assessment and the calculation method of the area of severity are addressed. The
analysis of the area of severity is performed on the IEEE 30-bus test system by using the proposed method. The
method is useful for the stochastic assesment of voltage sags and the establishment of systematic plans for voltage sag
mitigation.

Key Words : Area of Severity, Area of Vulnerability, Power Quality, Stochastic Assessment, Voltage Sags
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Sensitive
Load Bus m

O3 2 M2Atel Atet ozt B5tEM m
Fig. 2 Sensitive load bus m and a fault on line F-T
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Fig. 4 Area of severity to voltage sags
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Fig. 9 The area of vulnerability for bus 16
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Fig. 10 Area of severity for buses 2, 7 and 16

3.2 E

B R AE AR el Wz pREds BA 1
98 009D BN ERgon B8 & e )
FAG9 AR RS A WA EHALAH
B7ke AFN AL ekel e AkAGE Asa
o A HE % B Ange o §3te] APT ol
WA 5E Fad ey ABAA Ant oY W
A RSEA Al AYFHRE obF F glon o)
e WAE e A Jdnont BRI
ool 7AEA ) A AN Fal old W PARAL
@A el B stk ARAGW £gE AE
oE Ane v Age Atmnc we wg ¥s wad
G WA He) oo met 2 AAH E4e WAL
Fogee AW Adolt AFAG fE Am WA
Zolt= ol Wl$ FaFe & 5 Avh EH #ALR
2 Q% A Petwe ZAA &4 dolHst AFEu
ofel RatdolA FAel WARE AGLHE A% FAA
4 WAE sbestth oW Bk A FAH EHE
nelstn vk A £Yel 288 5 ek

[1] IEEE 1159, Recommended Practice for Monitoring
Electric Power Quality, 1995.

[2] M. H. J. Bollen, Understanding Power Quality
Problems: Voltage Sags and Interruptions,

Piscataway, NJ, 2000 IEEE Power Engineering

Series.

1039



HM7|1&s =g 593 63 20104 6

[3]

(4]

(5]

(6]

[7]

(8]

[9]

1040

M. H. J. Bollen, “Fast Assessment Methods for
Voltage Sags in Distribution Systems,” IEEE Trans.
Ind. Appl, vol. 32, no. 6, pp. 1414 - 1423, Nov./Dec.
1996.

L. Conrad, K. Little, and C. Grigg, “Predicting and
Preventing  Problems  Associated with  Remote
Fault-clearing Voltage Dips”. IEEE Trans. Ind. Appl,
vol. 27 no.1, pp.167 - 172, Jan.-Feb. 1991.

M. R. Qader, M. H. ]. Bollen, and R. N. Allan,
"Stochastic Prediction of Voltage sags in a Large
Transmission System” IEEE Trans. Ind. Appl,
Vol.35, Nol, pp. 152-162, 1999.

C. H. Park and G. Jang, "Stochastic Estimation of
Voltage Sags in a Large Meshed Network,” IEEE
Trans. Power Del,, vol. 22, no. 3, pp. 1655-1664, Jul.
2007.

R. C. Dugan, M. F. McGranaghan, S. Santoso, and
H. W. Beaty, Electrical Power Systems Quality. New
York: McGraw-Hill, 2002, ch.3

7Z. X. Han, “Generalized Method of Analysis of
Simultaneous Faults in Electric Power Systems,”
IEEE Trans. Power Appar. Syst, vol. PAS-101,
no.10, pp. 3933-3942, Oct. 1982.

C. H. Park, J. H. Hong and G. Jang, “Assessment of
System Voltage Sag Performance Based on the
Concept of Area of Severity,” IET-GTD, to be
published.

[10] IEEE 30-Bus Test Case, [Online]. Available:

http//-www.ee.washington.edu/research/pstca/
pf30/pg_tca30bus.htm.

=]
=

ozt

# (& X )

1974 129 2594, 20079 e oSkl
sty ArjFsta EA(FEh. 2008
A AU A7 gy 2ae

E-mail : spch@pknu.ac.kr

EEZIYHERRE
19639 39 194, 1995 Ao 3t

i o
st AZlesta EA(EEh. 199%597d
A ALt 1T JrEagst
T aF

E-mail : hongpa@kyungwon.ac.kr




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


