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Verifying the Effectiveness of Stabilizing a Massive PV Penetrated Power System using VSG
Preparation for the Future Massive PV Penetrated Power System
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(System Technology Team, Power System Group, Electric Power
Research and Development Center)

A power system with a massive PV penetration may require many
conventional generating units to be disconnected in order to maintain
supply-demand balance. In this situation, it may be difficult to sustain
power system stability.

In this paper, the impact of different PV penetration levels on the
dynamic and transient stability was evaluated. As a countermeasure,
the prototype Virtual Synchronous Generator (VSG) was developed and
its effectiveness was checked experimentally using an analog simulator.

1 A= BN

A58 (PV @ Photovoltaic) F&EDA /) \—5H
DEEBRDBIRFHICKEICBAIND & BIDHEE
EICEDECHEBEZRUEICT DI, CERRUEHIF
B (LIT. B ZE1ET 2NEN DD,

BB E CTEREBRWENFEE UGG, BIRFKICIEE
TR RSB DTIHH DD PVICIFZDADIEL
e WEFRLERICBIIRMDNALZELELDXEBETEL
{IFBAREMN DD,

T T BIRAEDRZEERRD—DE LT, FRIR
EAUIRSEWZ T D IREEAFESH (VSG : Virtual
Synchronous Generator) D¥=a1U—5HETIL7Z
AfELlce T UC AET IV Z7 07y =ab—5I(C
iU, RERICK D PVREBAKDEIIRMDOLEE
NDFTENUVSGIC KD RTE(LMRZIREE LT,

2 HIELIEVSGEFILICDWT

VSGETILOABRZHBIKIC, FEARZSIRICR
I, VSGlE, —IRANICERER (PR FEBEM+PV/ (R
JVICHES) BBD & TDERBNZEIRICEIRT DA~/
IN=FEAHSERINDH, SO, BERERE UTCE
KERIN - M CEDEERBERERZ AU,

RETIVOREBERZH2MICRT . AETILDEL
BTl @ERERBIRDE 172 A 2 )\ —F TRE
[CEBL, 7F7OT Y= 2 —5D275VRERRBE K
UL CEBNZALEIITED,

RETILOREIF. OFEEOEHEFIERICEDNT
BUNZRECED. OBRBE—EETIVOEE - B
MARRICEDE, BIRMICENBHDOHIEDIET
DB ORHERCBEdnz it 9 ©FRT (Fault Ride
Through) 887289 2. @VSGETIVIFPVETILIC
PESICUBTED J&CThHd,

FffiFF—1—X No.158 / 2018-2

E18 VSGETILOSAE

F1R VSGETILDEIF(LER

IHE B %
TERS IR 60Hz
EREE 15kVA
TEREET 10kW
ZEmER R AIERREE 27Nz

iy
E RTDS "(VSGEFIL HEIOV ) j

28 VSGETIVDEERE

RETIVOFIE - REHEEIL. FE3RDRTDS™ (Real
Time Digital Simulator) [CBWVWTERERLTHED. EEEE
CEHAILICER - BEEZRAWVWC, U7 LY A LD DS
R(CZORREZIREE U SORBID AL ZHIE TED.



583K RTDS™D5HER

3 VSGEFIVERAW7FOJ V1 b—55K8%

7FrOJv=ab—%F AVE21—%Y L THHZH
WCBIIRDIRKR 2R T 2T « VYL =ab—F
CIFEV. S ZF 2 7RIB L TEIZAWLWTEIRKED
KIRRZRBE CEDRIBCTHD. ZAO7FOJY=a
L—%(3275kVEI IR ZziE/IE U275V TREE LT
BO. FEHR (FAR) PXRER (1 BRLCHMEE) . &
[Egs. ENEEFEFDZT I Y FD OSBRSS TULD,

FAR FrOJYVZaL—YOREKI—w ~ HE

SEL PVAEBARDENRMDOLZEENDTEL
VSGICKRDRE(LNRZESD T Sfcth. LEED7 0T
V=2~ ETHESFDRBERFZRE LTz, CDFR
R CIF. EfAED S 5—E8ZPVETZEVSGITIRD &
ACPVEARZISA=FEUTE2RDT — AR
B Uz Ffc. HAROXBREIEZFHES B mimdE
#x CEBIIRD SHERZIRZE UTSIKRZ &5 U, B
BEOBNIEZHESD LT,

4.0kW 4.0kW 3.0kW 2.0kW

olo S8 am . :

8 Bami @ Sam2 3-1'%1 4

@ T |_!¥-Jzonkm le”‘c?f?vi

J__mﬁaw besss -@_ g B8R
e L
2.7kW 5.7kW 1.5kW 1.0kW : 105KWAR

$5R FrOJvzalb—% EERRH

FffiFF—1—X No.158 ./ 2018-2

Introductions of Research Activities FFZZ#ATT

F2R PVEARBOZHEHOLSH

PV 1G | 26 | 3G | 4G | PV PV

BAR Felk
(%] [kw] | [kw] | [kwW] | [kw] | [kw] VSGIKWI

0.0% 3.0 4.0 4.0 2.0 - -

15.4% | 3.0 4.0 4.0 - - 2.0
38.5% - 4.0 4.0 - - 5.0
69.2% - 4.0 - - 4.0 5.0

B2 GOERIS NS BHR 1 DBEMAE (BHR1—H
BRAEHRRE) DORIEHI7ZEE6MICRT

PV 0%
FRE | pyisax
| | =-PV385% [

#
5‘{‘3 —PV 69.2%
i L
g ", L % |
Q / i .’ '. 1‘
¥ T T :'J ". J g ll
gt o &
-2 0 2 4 6 8 v 10
“0 B (75]
(@) VSG#HL

v VSG 0%
o --VSG 15.4%
i M FRTRE VSG 38.5%
Z —VSG 38.5% + PV 30.7%
H |
H
2]
(S
g == \J S e
it

2 0 2 4 6 8 10
40— ! |
Erfd (3]
b) VSGHY

6 XEBIRMERLERDINERTE

6K (a) Tld. PVEARDEIMIC DN TEBEALAED
HENDOARE LD PVEAZKIE.5%LL ETlE. EFRHR
DALZELTFD CENMER TEDo

—73. VSGZERA Les6H (b) TIEFIRXTDT —XR
THREAFELE T ZELTHD.VSGHPVAEE AR
DLEENRELTERN TH S CED R TET .

4 FLHESERORERM

S, BIRMORZELHRICENEEZASNTLND
VSGDYZaU—FBEFTIZAHELIC. TL T FE
FIWE7FOJY =2 —%(CEmR L. RERICEKD. PV
AREEADBIRHZALZEICSE DR L. T
D—/RE UCVSGICKDLTELZNREAREE LT,

S PVHREBASNITHRERFZBELT. T
1INV =Za—Y 3V TVSGORESTE S EIER
BlICET MK ZRET D FECH D,

na. HEE REHEE




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [250 250]
  /PageSize [612.000 792.000]
>> setpagedevice


