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Study of Power Quality Measurement US7 Windturbine

Byungchul Lee, Heechul Park, Jinsu Hwang, Jijune Ryu

Key words : Power quality(H=3%2), Maximum Power (Zt#2l), Reactive Power(F+&d3), Voltage
fluctuation( A E), Harmonic(a1Z3}), Power factor( ), FHA 7] (wind turbine
generator)

Abstract : The exploitation of the wind energy resource is a rapidly growing area world-wide.
The number of installed units is continuously increasing, and it is important to respect and to
deal with the impact of wind turbine. This paper addresses the power quality characteristics of
U57 Wind Turbine. 750kW gearless type wind turbine for low wind speed, named U57, is developed
by UNISON. The power quality measurement system consists of measuring WIG output current,
line-to line voltage and wind speed signal. With using measured data, power quality measurement
1s evaluated about maximum power, reactive power, voltage fluctuation, harmonics according to
IEC 61400-21.

Nomenclature | Us7 Fa7] A =He] dEd S tiel IEC
oA AASkL = SRS alstaL, S84 Us7
v, - rated voltage,V FHE)e] d¥Ed des Akt gt
I, : rated current,A
fu : rated frequency,Hz
Poc : maximum permitted power,kW
Po2 : maximum measured power(0.2s),kW
Peo : maximum measured power(60s),kW
P, : rated power of wind turbine
subscrip

PQ : power quality Fig. 1 U57 system configuration

VTHD : voltage total harmonic distortion
ITHD : current total harmonic distortion
C(wi) : flicker coefficient for continuous operation 1) FUE FASAL E5HATL
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Table 1 U57 WTG specification

Table 3 Measurement system

General type horizontal axis, upwind

Rated power 750KkW

Design class |EC type class |I1A
Rotor diameter 57m
Cut=in 3m/s
Speed Rated 11m/s
Cut-out 25m/s
Generator permanent magnet, synchronous

Power conver ter AC/DC/AC, 690V, 60Hz

Pitch system Independent blade pitch

Control ler PLC, SCADA of web based

Yaw system active, 3 x asynchronous motor
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Table 2 Comparison of test condition for measured value

= |EC =3

E MY DXDH%]

(Voltage total harmonic 5%0] ot 1.5% 0I2¢
distortion)

(Turbulence intensity)
HUH=(V] V5% N
(Voltage flutuation) | [380 ~ 420] | 3% ~ 408

e SEEH (%]

(Voltage unbalance factor) 2x0Ier10.08 ~ 0.54
HE Fh=[Hz] fnH%O0!ILH 59.84
(Grid frequency) [59.4~60.6] | ~60.16

(Grid frequency fluctuation)
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System | 7channels, 0S : Window 2000
A/D _ : _
conver ter DEWE-ORION-1624, 24bit, fmax = 2.8\Hz
Filter |Eligible 20, 200, 2000, 10,000 and 20,000HZ
] Isolating amplifier error
;;g:ﬂ:g? —current : 0.5% of the maximum input level

- voltage @ 0.1% of the maximum input level

- measurement data acquisition :
DEWESofte and WINDTEST Data acquisition
Software |IEC/MEASNET

- Computation and analysis :

INDTEST Analysis software IEC and FAMOS

Table 4 Test equipment

. Description of| Measurement
Measured signal transolcer ACCUrACy Scale factor
Rogowski
3 phase current |, ot probes class 1 1000A/2V
3 phase-to-phase _ _
vol tage 600V v/ v
: nacel le o~ 10v
wind speed anenoneter +0.5m/s (0 ~ 40m/s)
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Fig. 2 Configuration of PQ measurement sys:fem
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Table 5 Number of measured data
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Fig. 3 Fictitious grid for simulation
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Fig. 4 Functional diagram of IEC flickermeter
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Table 6 Maximum measured active power
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Table 9 Reference of voltage harmonic distortion

Reactive power at Ppc -8.5 2t A=l Y HEE[%] S THD[%]
Reactive power at Pg -3.5 |EEE 3.0 5.0
Reactive power at Po.o 2.1 o ]
Table 10 Reference of current harmonic distortion
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Teble 8 Power factor calculation of measured power
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60 ~ 70 18 490.7 -3.6 1.000
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0 5 10 15 20 25 30 35 20 45 50
Order

4% 7 A9 Agazae A 33k mxupr)
1.5[%) % 74 wo] whasld on . HUVIHDE =4
717F ZoF 1.507[%]) 2 JERSTE. oA IEEESA
AAE 7z 2 A S 3(%] 2L VIHD 5[4

Exo] $4ES BRId 4 Q.

Order

Fig. 8 Spectrum fo the current harmonics

- 313 -



49 4 A AFazgelAE 33k axart
Zeo] 739.9(kW1Y o] 1.5[%]% 7P o] WS}
o A ITHh= =Ho] 739.922[kW]olA
1.759[%] & vebwtel. o] A& IEEE 2 =k At
ol AAlE b A AFHEE L TOD 5[%] e
thalA] wlg- P Al RS geldt 4 ey @ W

Fa =T RS -1

4. 2 E

[—

B Az M= Us7 FEaA ] gk =
ZA ZA|7)E<Q IEC61400-21¢] wWE ZSAHlerS
AAERAL AFTEHP o2 aksl e 750kN F
HubAv]o] g5t dEFd] v 54 2 A
7Ve ST azuke] A9 BE Aol s
S A FA D IEEE std.1159-1995¢] ™ A| o]
AE 7R A JEETE, AgHE 2 dE9
75~ U503 WS 79 wy] AojdFo]
HALS & & . EI ARAE, AGEHY
5, Ads, o5l = w¢- ek H<l
E9ANF) YEPES & = d9g 2 d7A
HE nfgo R EFEAo] ATs A FA
AHELE F58 F =T AHFHo= A7

BoA7E AYRAre AW AU
NENEAY A AFED 1k

7] SaAEAE L @YAF)9 A3
SRR

References

[1] IBC61400-21, Wind turbine generator system -
Measurement and assessment of power quality
characteristics of grid connected wind turbines.

[2] IEEE Standard 1159-1995, Recommended Practice on
Monitoring Electric Power.

[3] “FTLA AFsAl 7R B AR 2997 1 A
of] Z3k A7 FZhR 1A, ARARIIE, 2003,

[4] "Power quality measurements on a wind turbine of
the type U0 according to the TEC 61400-21 First
Edition", WINDTEST, 2007.

[5] Park, H C., “Us0 =17l fsh deiEd A5
T gl 2AAReIRElE] FAEkEE] = pp.
345-348. 2007

- 314 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


