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Three-Phase AC Current Reconstruction Using Inverter DC-Bus Current and
Pulse Width Modulation Method Suitable for It

Shugo Kanemaru™, Student Member, and Toshihiko Noguchi, Member (Nagaoka University of Technology)

Abstract — This paper proposes a new pulse width modulation (PWM) method suitable for three-phase AC current
reconstruction by sampling the DC-bus current of the inverter. The proposed PWM pattern allows the reconstruction
even at low-frequency and low-voltage operation range, where zero-voltage vectors are frequently generated by the
inverter. The paper presents some computer simulation results to demonstrate the excellent performance of the

proposed method.
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Fig. 3. Waveforms of motor line current reconstructed by ideal
conventional method at 16.7 Hz.
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Table 1. Simulation conditions.

Motor PM motor
Inertia constant 1.270 x10” (kgm®)
Damper constant 3.515x10~ (Ns/m)
Winding resistance 0.52 (Q)
d axis inductance 7.3 (mH)
q axis inductance 14.2 (mH)
Number of pole pairs 2
DC-bus voltage 270 (V)
Carrier frequency 10 (kHz)
Dead time 4 (us)
Load torque 0.7 (Nm)
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Fig. 4. Waveforms of motor line current reconstructed by conventional
method with sampling restriction at 16.7 Hz.
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Fig. 5. Waveforms of motor line current reconstructed by conventional
method with sampling restriction at 33.3Hz.
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Fig. 6. Proposed PWM pattern suitable for three-phase AC current
reconstruction.
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(c) FFT analysis result of reconstructed current.
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Fig. 7. Waveforms of motor line current reconstructed by proposed
method at 16.7 Hz.
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Fig. 8. Waveforms of motor line current reconstructed by proposed
method at 33.3Hz.

“HIRIRBER AT TE B FEERET 5,

X 2R LB IC s e T D RIEO PWM /Y — U %
X 6 TR, EHAER»SELEESHEAE IS &,
HHEZAKRSYy V7 E2BEBLTEMHOAL v F v JIREE
M) OHMEEHET L ENTES, BHEOFHERFHLED S
b, wbEW 1] oz b oM 6IEIC 1/4 BT >9
BLTAA v F 7385, ZNICLY, FEErEE~S
rLTHD (1, 0, 0), (1, 1, 0) OHRNLT Ty4 Fefk
ENBHDT, vfZ7uaarba—Inh5 A/D BRI L
THEHBARAEBROY U o AR HEN D £ TORLE
WEfE % RS Z &3, FERBIINERE LRI 2 >0
AA v F U TWRREEFIH L TEBAAEBRNS 2 FrORL
TIEHZ 1G5 72 OB O RBEEIZ 20D, RHAET
T35 12 EAMETICE P aBERY MUREAELRNTED
ERICERMRHEIT O Z ENARETH 5.

(3:2) LZalL—LavIcLREEEORIT N7 B
L 8 ITBREDY I ab—r g UiERERT, VI
L— g VRIIIERTE A CTH D, 16.7 Hz Tilils L7235
A TH 333 Hz THEE LG ATYH, BIAFIZ =FEARHER D
BranTgY, ZHLAEEREREEROZY, 27
L, PWM /& — 23 1 HEHIN CHEdpr e 7 720, %
ERBLOETIN-ERERICEREO Y 7R
%, £, EEEO FFT AR REREE R ZICEAD 5T
WFIEFR URHEEZ R L TRY, RKk&SFAEN D22k L
TARY MARGBLTNDZ ERDND, ZTO& )k
MIXE— % OEMFEE 2T 2800 bEETH D,

4. FEO

ARFTHE, — O EM=AES Y ) 7T 2B L~
suay hu—F%EL, £OPWM NZ — L 2T H(E
T 5720 TE— & OIEEE EECHIINEE IS B D &9 =4
RIBERAEITLTEDFEERF L, #EE I 21—
g AT &0 RESRIE L IR RIEOE TR & LRI L 2
B BRI FEIRFICCSHARERE2ETTE, #1
SN BIRBEIITARK EFRE D+ E S A<7 b
YRR LT B R A D 2 L SR S T,

L1, RRBRELFEMORIEL, ZMHRFEROME oM
EEROICFHI T 2ECTh D, £z, PWM RZ — 2 DIE
SIBPEICERE L7 E e BROEBICOVWTEBIZERL, A
hiEEEZRF LW EBZ TS,

X )

(1) Y. Murai, Y. Tanizawa, and M. Yoshida, "Three-Phase
Current-Waveform-Detection on PWM Inverters from DC Link
Current-Steps," Proceedings of 1995 International Power Electronics
Conference (IPEC-Yokohama '95), vol. 1, p.p. 271-275, 1995.

(2) Nk - iR - ma\ : IirfEe LR - e— 2 &t
B U R AREARIE — & N B 2 MET), SERR 14 EERES
PEEIE BRI RZ:, vol. 1, p.p. 665-668 (2002 4F)

(3)  f@AS « B - WEAR - AR T=H PWM A 23— & OEETTR I
L2 ERER O —FE), BRFRWIGED, 127 %5 %, pp.
181-188 (2007 4)

(4) H.Kim and T. M. Jahns : "Phase Current Reconstruction for AC Motor
Drives Using a DC Link Single Current Sensor and Measurement Voltage
Vectors," IEEE Trans. Power Electron., vol. 21, no. 5, pp. 1413-1419, Sep.
2006.

[l - 104]




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




