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A Study on the Performance Analysis of the PV-AF System
under various Irradiation Conditions

Hyo-Ryong Seo”,
Dept.

Abstract - Grid-connected PV(Photovoltaic) power generation
system has experienced increasing attention in recent years.
But the growing number of non-linear equipments, such as,
inverters, has been demanding the compensation for the
disturbances caused by them. These non-linear loads may
cause poor power factor and high degree of harmonics.
Installation of an AF(active filter) can be one of the solutions
to mitigate the line distortion, but it requires additional costs.
On the other hand, many PV systems have been
interconnected to the distribution system. So, the PV system
combined with the function of the active filter system can be
useful for the application in the power distribution system. In
this paper, PV-AF system using DSP (Digital Signal
Processing) controller confirmed that it is possible to combine
the AF theory to the three phase PV system connected to the
utility under various irradiation conditions.

.M E

A9 e D e e ou ALl A e
Hag WESHA wn %ol xgel A8 gl A#PAH
i e e e A Ao Aol A
A% MR AL JE Ade He B 24 9 A%
Ao spsete] Mo WEss Axel piol AR gy WE
of Ze wm itk Ty wde AUEA, g4 2 o
A4 54 BA 2 4 MA Aoz AT AuFF
Alolsh B Al go 5

]
R CEESE B

El 2 I 7]
W= Al
SP Digital Signal
} B o333k A

aclAe] 48 7}

2.1 AR Y EIYY WD AES We| AlRH
49 e FEIF 92 AXD 9L, Fekel &
BRG] WE AR Nzug
ol A dddor & E A °E
WA~ QeiA) 719 i

S R
WY woE gge 48F 49
W AEel Aol

F= o ok
71]5011 AAAI717]
Aot AsAAE
AL MAA T =
HIMSH =017k
& ¥AT F gl
. oleg

[e)

nﬁ_a
O_\.4

o ko
I 7] 2B g e iéj}ﬂvoﬂ ok u %171]%0
e, o2 74A Zelle dein od dFd dHew 7 F
E7kl SlolA Az Fe BAS oAG =
HE FdHe F8 AHE 532 7H“eﬂ FaAEo
9 3y Rste] axs) X*v@r A7 23S 24
op7lHE AE F2 ASE wE Aotk Ve F%
AHE- el °1°V1 H]E%ﬂ SRR
golgh Fubare] axd 94 Bt
= @xol stk ole] HlE] dEE *2“319
o] Wsgtel Fawlisel AsHoR Hgo] HrH4

of LMIOEX\“,&LOW
N
N
}jl:o

e O o e oft [
Mo X T 2 RN

Kyung-Hun Kim",
of Electrical Engineering, Changwon National University”

Minwon Park™, In—Keun Yu"

ASAAD B FdEAA 2o AE B A V]es W
AL FAY AAFAZA HdgRAAsgo] vE dds L
AE3E) fla & Fdasta sjdsoler & #AY HEde
AAs AAgelst & 5 A

2.2 PV-AF AI2HI9| 7Y
PV AF A"l AlFA
/] __ =] 7]-6]— 7—] o] =2

mlm
:(m
m (2
4m
HU nﬂ'—’

ot Py AF*LU% Ao AR 9Eug vt
AAAAZHE ¥ T = d
< AA Low Pass Filterg %73}
TJr dq¥ s 714 Low Pass FilterS b
_TL_.Z_ AL

YRS W AEE oldg MBS o Az
ot nzxy B AFE AWEZEE PV array-J =93 A
=99 6-7]

2.3 PV-AF AIAEIS] AIHE HIAE i}

Ay BHe Jlsol ARH AFPAAANsGe FYe Holsn
a8 AFe] SIA 19 49 Rol ALde FATAN A4
2EE 3¢tk T2 A= TMS320F28125 AH8-3) 4] 1{1013 Y At

Y oW EE IGBTZAYH 22 6702 FA YT} nAd Hae 34 ,g_
BElA folem® FAN nxsE BN PV-AF A2H5
Sol AAZ wole PV arrayd &% FAZ 34 WYNE oA

ZAS FF. To) PV arrayO] LS A AEA Lo u3o]A
) gHoR AAE T Aol

By
(2

............................

non-linear load

PV array

3 phase DC-AC
Inverter
<J8 1> PV-AF A2H9| 3|2
e _,
e
e? - PLL
e d|
i d [ TowPass | 4 ¥ i
T owPass |4~ d
o DO Filter @ Inverse |~ 'ArR
'S — | Transfor Ql Tr:il(szfor — lLarg
: tion |4 B N :
ipp_, | ™ = | LowPass |9 =\ 9| mation i
Filter @ — larr

<3@ 2> YEE HEje| HO BEE

- 212 -



Harmonics
Source .
Inverter Utility

f | | siL
| ede Di/ AR \4 (@

iour

PV Array

Switching Signal

PI Controller

Source

<@ 3> PV-AF AI2E Ho{ 25 Clojo{1

<38 4> AIMIEE PV-AF AIAH (250H)

<E 1> AN HZE PV-AF AIAE ApQ}

Gl, G2, G3, G4,
L1 L2 C1, C3 C2 R1, R2 G5, G
6mH | 5SmH | 10000puF | 100pF 50Q IGBT
Inverter Processor Switching Trans.
Freq.
3 Phase . 3 phase voltage
DC-AC TMS320F2812 S5kHz regulator
15
| QOutput of inverter only AF function
1.0 T
osdo ¥

TR AT
VAT AN I N T )
I\ JW \V}VW\ lj V

0.0

os | i
DS L A A

-15

Current[A]

0.00 0.02 0.04 0.06 0.08 0.10

<38 5> YE|E ZE JISU2E Z5|E= AHE HRLIE

o=
offt
By
o
A

a9 5% PV arrayd F¥ g§lo] JEE IH 7T
PV-AF A 2dle] AWy &9 Z3E yehls 3ot

i)

3

| Inverter output of PV-AF system
2

1An AA'A !\vA A'A A'A
LRV VR AR AV
_ AR WTANMINE T WY,
ol WO TWE T W YW T

¥
0.00 0.02 0.04 0.06 0.08 0.10
Time[sec]

<IE 6> QIHE| SIS (LAY 0.4kW/m?)

Current[A]
.
o
-
=
—
_—

28 68 AALFo] 04kW/m’ol A BAH PV array 283 1x5 2
7 @A JINEE B3 U EEatgoelr)

2 | Inverter output of PV-AF system
8110 L SIS VAL
%; \\ / W\\ [ /\\f) i
P

<a@ 7> oIHE ge_.:;%se(c‘l’awg 0.7kW/m?)

z . n!Con:ﬂected{;vtl;ePV—{\AFsys:\em! Aﬂi [ Current of utility
S T A 7 A W R WA S AN VA A
AN AN RN
IO L VRS A
SPS IR VEE LV ¥R VAP B Y

Time[sec]
<2 8> PV-AF AIAHISE RE| IXE BAS W= ASDY

a9 7 Aapke] 07kW/mPl A LAE PV aray 83 1E% B
AR S AHEE FI 2AE 3P ol

a9 8& AE9 W77t PV-AF Al2"o 2Ry nxst ks o}
A e 4R dste 43499 S Yepda gl

3.4 B

=R dEE o Ves e HERE A AH
daAs dudss AW, AAFG Aade] FAEAE
e A EE dE e V)5S AT BYFTAA e
T datg zdelM dEs AT B oty AT A
g FEEe P 2AAYD 988 s Ae & A
. ol o HFFTAA L] ALEHA A= V]HE WE
= Zoja, Hgddd ANade A Ve ads S8
3 gl A= AL EAdsnt

zArel 2
AFE WHAAALE - ALY - BB BAFO

o

B
n 3
2 F48 WAL FAUGE A APARY T

[# 1 2 8]

[11 R. Messenger, J. Ventre,
Engineering”, CRC Press, 2000

[2] L. Gyugi & C. Strycula : "Active AC Power Filters”,
IEEE/IAS '76 Annal Meeting, p. 529 (1976).

[3] H. Akagi, Y. Kanazawa, K. Fujita, A. Nabae : "Generalized
Theory of the Instantaneous Reactive Power and its
Application”, Trans. IEE Japan, Vol. 103-B, No. 7, pp.41-48,
1983.

[4] L. Gyugi "Unified Power-Flow Control Concept for
Flexible AC Transmission Systems”, IEE-Proceedings-C,
Vol. 139, pp.323-331, July 1992.

[5] L. Gyugi, C. D. Schauder, S. L. Williams, T. R. Rietman,
D. R. Torgerson and A. Edris : "The Unified Power Flow
Controller: A New Apploach to Power Transmission Control”,
IEEE Trans. on Power Delivery, Vol. 10, No. 2, pp.1085-1097,
April 1995.

[6] Y.G. Park, M. Park and LK. Yu: "A Study on the Utility
Interactive PV Power Generation System Adding the Function
of Shunt Active Filter”, ICEE 2005, China, July, 2005

[71 M. Park, N.G. Seong and LK. Yu: "A Novel Photovoltaic
Power Generation System including the Function of Shunt
Active Filter”, KIEE International Transactions on EMECS,
Vol. 3B-2, pp. 103-110, June, 2003

"Photovoltaic  System

- 213 -




<<
  /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


