2008 = CHEHAD| =

| ==& 2008. 7. 16 - 18

I
fon
jell
=
Jon
fou

Analysis of Decoupling Method in DQ Transform-based
for Grid Connected Inverter

Novie Ayub Windarko, Jinmok Lee, Jacho Choi

School of Electrical and Computer Engineering

Chungbuk National University
410 Sungbong-Ro, Heungduk-Gu, Cheongju, Chungbuk, KOREA

Abstract- There are many types of grid-connected inverter
controllers, PI controller based is the most popular methods. But, a
common PI control is produced zero-steady state error and phase
delay in sinusoidal reference. Synchronous reference frame or DQ
transform based controller is capable for reducing both of
zero-steady state error and phase delay is. But DQ transform based
controller has cross-coupling component which difficult to analyze
the system in single phase model.

In this paper, to obtained single phase model of the system, DQ
transform based controller is analyzed in two techniques. The first
is by neglecting cross-coupling. The second 1is eliminated
cross-coupling component by decoupling method. By these two
techniques, single phase model is obtained. Then, the single phase
model is analyzed to evaluate its performance in stability and
frequency response, through Root Locus and Bode diagram,
respectively. MATLAB and PSIM simulation is used to verify the
analysis. Simulation result is shown; cross-coupling component has
no significant influent to the controller.

1. Introduction

Fossil fuel based energy is become more and more expensive. In
the other hand, energy consumption is increased by the time. Both
of this reason is boosted the research attention on Renewable
Energysuch as Wind power, PV power, Fuel Cell and so on.

<Fig. 1> Grid-Connected Three phase Inverter

Renewable Energy is also well known as Distributed Generation
(DG). This term is used by its characteristic, small rating but
distributed in a wide area. Most of the DG power is generated in
DC. But recently, mostly low/medium voltage electric power is
delivered in AC. Inverter is needed to connect DG into Grid. To
produce current waveform in sinusoidal form, the inverter is needed
a closed loop control.

There are many types of inverter controller to produce sinusoidal
current waveform,such as deadbeat [1], repetitive control, fuzzy [2]
etc. Those types are very complex and difficult to analyze. PI
controller based is the most popular method. But, in inverter
application the reference is sinusoidal. And common PI control is
produced zero-steady state error and phase delay in sinusoidal
reference. Resonant controller is suitable for sinusoidal reference,
but this controller is produced higher order of transfer function
compared to common PI controller [3]. DQ transform based
controller is also suitable for sinusoidal reference. DQ transform

based controller is reduced both of zero-steady state error and
phase delay. However, to evaluate its performance, it needed the
single phase model of system.

In this paper, to obtained single phase model of the system, DQ
transform based controller, is analyzed in two techniques. The first
is by neglecting cross-coupling. And the second is eliminating
cross-coupling component by decoupling method. By these two
techniques, single phase model is obtained. Then,the single phase
model is analyzed to evaluate its performance in stability and
frequency response, through Root Locus and Bode diagram,
respectively. MATLAB and PSIM simulation is used to verify the
gain parameter obtained from the method.

2. Grid-connected Inverter System and Modeling

2.1 Grid-connected Inverter System
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<Fig. 2> Grid-Connected Three phase Inverter in single
phase equivalent circuit

Grid-Connected Three phase inverter is connected to the grid via
any type of filter. To simplify the system, inductor filter is used in
this system, as shown in Fig. 1. Generated power, it can be from
fuel cell, solar or any type of renewable energy is represented as
Vg4 and grid voltage is represented as V. ios injected current from
inverter to the grid. L filter is used to filter Vi, output voltage of
PWM inverter which contains high switching frequency component.

Ls is inductance of filter and Ry is resistance of filter. In this
application to reduce the losses in inverter, switching frequency is
lower than mostly used in inverter application, at 5 kHz. It is
shown in Fig. 2, single phase equivalent circuit for the system.
Inverter is modeled as a voltage source. The system parameters are
shown in Table 1.

{Table 1> Values of the system parameter

Parameters Value

Ve 200V

Inductor Filter L=6.5mh, R=0.010hm
Grid Voltage (Vs) 110 V, 50 Hz

Inverter Switching Freq 5 kHz

2.2 Modeling of the System

As shown in Fig. 2, the inverter is connected to the grid via L
filter. Voltage equation loopfor this circuit can be expressed as
follow:
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di,
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In (1) is shown, @Li,q and «Liy are cross-coupling components.
There are two techniques to do this, the first is neglected the
cross-coupling  component. The second is eliminates the
cross-coupling component by decoupling method. By neglecting the
cross coupling component in (1) and apply PI controller for i,, it
will result:
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The decoupling method is determined by following controller:

Vi = (Kp + K j(iod *—iy )_ a)Liaq

N

v, = (Kp K j(i,,q i )+ ali,
S

3

Where K, and K; are proportional and integral gains for io,
output current controller. Substituting (3) into (1) is yields (2). In
this case, two techniques are yields same result. Equation (2) can
be drawn into model as shown in Fig.3. Both of d and q axis has
same model as shown in Fig. 3.
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<Fig. 3> Model of the system in s-Laplace domain

Which Ge(s) is current controller in (3). From Fig. 3, the closed
loop transfer function of the system can be derived as:
_ (K,s+K,) l
L,s*+(R, +K,)s+K,
s
Tt R, K eeK, )
STH(R, +K )5+ K,
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Which i,* is reference of output current.
3. Simulation Results and Discussion

To verify the performance of the designed gain parameter, Root
Locus and Bode plot are provided. It is guaranteed that the system
is stabil for any value K; and K,.

In Fig. 4, is shown frequency response of the system by
increased K. It should be note that i, in dq form is dc formor the
operating frequency is at 0 rad/s. In Fig. 4, it is shown that at 0
rad/s, Ky=1 is provided 0 dB attenuation. Increasing K, will be
increased cut off freq of Low Pass Filtering characteristic of the
system. This Low Pass Filtering characteristic is shown the damping
out capability to high frequency disturbance. Increasing K; is not
influenced to the freq response. In Fig 5 and Fig 6, it is shown
that between with or without decoupled control, the result is
similar. It is explained that cross-coupling component has no
significant influent to the system.
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<Fig. 4> Bode plot of Ki=10 and Kp=1(solid line),
Kp=10(dash line) and Kp=50(dash dot)
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<Fig. 5> PSIM simulation result for Kp= 50 and Ki=30 with
controller based on eliminating cross-coupling

lo_a  lo_a_rel

3000
2000
10.00

0o

-10.00

2000

-30.00

lo_a_er
050 - - - 1
040 : : :

020 + + +
020 : T i

0.40 0.425 0475 050

045
Time (5)

<Fig. 6> PSIM simulation result for Kp= 50 and Ki=30 with
controller based on neglecting cross-coupling

4. Conclusion

To obtained single phase model of the system, DQ transform
based controller is analyzed in two techniques. The first is by
neglecting cross-coupling component. The second is eliminated
cross-coupling component by decoupling method. Simulation result
is shown; cross-coupling component has no significant influent to
the controller. For future work, proportional and integral gain is
design by CRA method.

5. Acknowledgement
This work was supported by New & Renewable Energy RD&D
Program from National RD&D Organization for Hydrogen and Fuel
Cell, Korea Energy Management Corporation, and MOCIE (Ministry
of Commerce, Industry and Energy).

References

[1] Sayaka Takamatsu, Eigo Shimada, and Tomoki Yokoyama,
Digital Control Method for Single Phase Utility Interactive
Inverter Using Deadbeat Control with FPGA Based Hardware
Controller," IEEE EPE-PEMC 2006 Conf. Proc., pp. 1436-1441.

[2] Francisco Jurado, "Novel Fuzzy Flux Control for Fuel-Cell
Inverters," IEEE Trans Ind. Electr, Vol. 52, No. 6, pp.
1707-1710, Dec. 2005.

[3] Novie Ayub Windarko, Jinmok Lee, Kyoungmin Son, and Jaeho
Choi, "Pole-Assignment-based Gain Parameter Design of
Resonant Current Control of Grid-Connected Single Phase
Inverter," KIPE 2008 Annual Power Electronics Conf. Proc., pp.
18-20

- 925 -




<<
  /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


