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Direct-Power Control Based Matrix Converter and
Its Operation Characteristics under Unbalanced Power Source and Transient Response
Somei Nakatomi, Kohji Sano™*, and Toshihiko Noguchi (Nagaoka University of Technology)

This paper describes a novel control strategy of a matrix converter, which features direct instantaneous

active- and reactive-power control of the converter. A theoretical aspect of the strategy is discussed, and some

computer simulation results are presented to confirm the basic controllability of the technique. In addition,

several operation characteristics are examined through experimental tests, using a 1.5-kW prototype. The

maximum efficiency and the total input power factor of the prototype were 95.4 % and 99.9 % at 1.5-kW load

with 30-Hz output frequency, respectively. The total harmonic distortion at the rated load was 5.9 %. Moreover,

this paper discusses operation characteristics under unbalanced power source condition. These results as well as

high-speed responses of the power prove feasibility and effectiveness of the proposed strategy.
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Fig. 1. Matrix converter.

BRI

uln o |« fa
R EECE
(o]

|

LSS T s
OV,

Y,
W

Input Filter

:EV' (‘ —O
I 5,8
NN LT

X2 AC/DC/AC LMY AT L
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virtual voltage-source PWM inverter.
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Fig. 7. Simulation result at 30-Hz output current.
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Fig. 8. Experimental result at 30-Hz output current.
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Table 2. Electric parameters of power circuit.

Power-source voltage 200 V, 50 Hz
Input filter inductance L, 2.7 mH
Input filter capacitance C, 20 uF

Load 125 Q,3.7mH
Reactive power command 0 var

IO TR 72 RITALN L.SKW IZBW T 5.9% £ TIRE &
AR, WAMER CIIELT 5720, 5%, HEkED
FHRE#HTDHDHERD D,

(4-2) AFEHERICHITHEGRHM i H E E
V=200 V, v, =187V, v, =173 V O PHFEIREITITRBNT
b EBRAITo T, FOMOBELKHVEIEITZE 2 LFETH 5.
mﬁ SO A EIE A 30 Hz & L, AR 1.0 kW 2B
BIREL, SFATIERR, S ERIEE O S5 R
%llz_rT @IZZENEDOHIE, b), (c), (IEKFHEA
JIEFED FFT fRATh R CH 5,

4.6



100

S 99 e

= .

£ o8

8 p

g o7

:

g 96 p

£ o5 .7 —&— output current : 30 Hz
s # --4-- output current : 100 Hz
©

= % I L L

0.4 0.6 0.8 1.0 1.2 1.4 1.6

Load (kW)
9 BHEANNTIE
Fig. 9. Total input power factor.
100
—&— output current : 30 Hz

g 98 --#-- output current : 100 Hz
g
-% 96
= W
o o
E 94 Lo %"
g 5
: ‘

92

0.4 0.6 0.8 1.0 1.2 1.4 16
Load (kW)
10 aZh=E
Fig. 10. Total efficiency.
35
30 i\ —@— output current : 30Hz
N\ -+ 4=+ output current : 100Hz

Total harmonic distortion (%)
[
f=

10 = 3
. |
0.4 0.6 0.8 1.0 12 1.4 1.6
Load (kW)
11 BEATIESR

Fig. 11.  Total harmonic distortion of

input current.

AFGRTIIBRFANES), BRI E S ORI %217 > T
WA T, RFEEER T IZRBW TR ZeifE 2 72 =
L7, BARBEANIIRZ 1 ITR-LRR5, KERHIE
WMKETEZHIIT 26N TEDL, 207D, ERMITAT
B 3 WERENEHLTEEND Z & 2 EEA~Y
NVIEATIZ X 0 FesB L7z,

(4-3) BEGERHME BROKMEE2 LREEEL,
H BT AN BIESEE 30 Hz & L CEREIT-7Z, K13
’mﬁ@m%*m§nsﬂwﬁnsAkx%yi%:%m
é@t&‘g‘@ PEE, ERER, HAENESMHE, EiR

fE, MHE (}lh@ﬁﬂ:/ oY, HTERESMEICR LT
;ﬁhmf@%ﬁLL%L LTI ZER SN TND Z
ERbnd, K14 138K E 1.5-1.0>15kW L BESE7
L X OEWFREL, EREWR, HOBENESME, HOERD
W& RT, AROAT v 7R8I LTH HIEG
N—EIZHE TETCWD Z ENbnd

v

100 (V/div)
o

1
a

4 (A/div
wdiv

%y

4 (i),

!
¢

4 (A/div
(divy,

i
5 (A/div)

0
IV
5 (A/div)

0

i
w

5 (A/div)

(@)

e

. =y o .
A 4 Y N
\ LY \w \

h 4 v o

NN AN

\\,LFI \.\. '..wl '\\# \i 1-',I
v o W o vy

SN NN AN

NS NS v

o 7 / /

N NS N/ NS
f‘"“\ f’ "\

Time 20 (ms/div)

BIREE, SMHATER, HEREY

(a) Input voltage, currents and output currents.

100
g 10 A\J\
z A Mg It
£ ol Wyt
B
00157250 500 750 1000 1250 1500 1750 2000
Frequency (Hz)
(b) afAATIERDJEPEILA~NT v
(b) Frequency spectra of i,,.
100 ﬂ
< 10
(.::u 1 y WA'VVWA \
= 0.1 \‘V‘Iw M"J\"M"M
<5}
B~
0.015™250 500 750 1000 1250 1500 1750 2000
Frequency (Hz)
(¢) bHATJERDEBIA~T v
(c) Frequency spectra of i.
100
g 10 [
O R e
£ 01 =1
a |
0-013™750 500 750 1000 1250 1500 1750 2000
Frequency (Hz)
(d) cHATJEROEERE AT v
(d) Frequency spectra of i..
B 12 EMrERIC 31T 2 R EiE R
Fig. 12. Experimental result under unbalanced power source
condition.
PlEo X5z, RAIEHICR T 2 ERE S EIck3 2

HBEEIS A R D 2 7 » 7 (KT B USE T

H oD Tl DR E 7RIS PRI 2 RS 5 2 }:fﬁf’éto

56



Va ﬁ

100 (V/div) [\

/
"/

i
a

swdv NN TR AN AN I\ /

L \v4 v v
P’
0.5 (kW/div)

| ' ! I
L T 1 T ]
u / N\

sy 1 I\ LS ANEVAR Y

b ) Fa Py . Fa
6 (i) // \\‘(/ \\ \\ j/ \\ //
v

b A

Time 20 (ms/div)
X 13 HAERAT > TIE

Fig. 13.  Output current step response.

:?)o (V/div) A\ A\ A\ "."\ A\ A\ A\ \
ARVAYRYAVYEVEAYRY R
MOV V] W N V] WV

l;(A/d') o M N . PN M
iv
lawa WA

o (A N/ \ / \ /

Time 20 (ms/div)
4 14 ARAMELIGE

Fig. 14. Disturbance step response.

5. F&oH

AFETIE, ~ R U v F A3 S— X | CEEEE S EE S
WH LB TFERICOWTH U, &b, Tl e
UZXLZHESWTHEE LTIZY AT L OAREZ SR
2b—valrBIOERICEVMRIELZ, ZNHOREE X
D, WSHEE 1% 0 var IZHIFET 5 Z & C, RIS ATIENR

IR &R & 720 15 1 a2 L, HIERO
JEABE N BV CH TR O H R 2 15372,

FVERE & N 72 HEBRRGE TIE, &R 30 Hz 128V Tl
KIBEANTITIH99.9 %, KR EZNH 954 %, AJIEFD
EFEFIWERITANR 1.5 kW IZBWT59 %2R Lz, £
7z, HJ1EW A 100 Hz ITHI# L7256 6 30 Hz D54 &3

FREEORENRSE LT, S OICARTIE, FPEHEERIC

BT B R & AREE L 72 Kﬁﬁﬂiﬁ%ﬁaﬁj}@ S A
AT TNDTI2D, REMEEIRIC I TR 2 Al E & 0
T52 <, %K&lﬁﬁélﬂﬁkﬂﬁ TARER )
EREEER DTN TE D, £io, HERESHE
WZxt3 2 BIREIGERLAR O AT v T ERIT T 2 AMELIG
BT, MO TEENOLERMERE LR T L 2R
T&E7, LRV, v~ Y w7 Rar "= | EHEE
BNEZEH Uiz v AT DO, FhEE R CE i,

X ik

(1) R.Itoh and L. Takahashi : “Decoupling control of input and reactive power
of the matrix converter”, [EEJ, SPI-01-121 (2002) (in Japanese)

D - @G [~ N w7 A3 "= T8I 5 AH BB Dk
TUIEIE ) G RE ) IR 7R, SPC-01-121 (2002)

(2) P. W. Wheeler, J. Rodrigues, J. C. Clare, L. Empringham, and A.
Weinstein, “Matrix Converters: A Technology Review”, IEEE Trans. on
Ind. Elec., vol. 49, no. 2, 2002, p.p. 276-288.

(3) I Itoh, I. Sato, H. Ohguchi, K. Sato, A. Odaka and N. Eguchi : “A Control
Method for the Matrix Converter Based on Virtual AC/DC/AC Converter
Using Carrier Comparison Method”, Trans. IEEJ, vol.124-D, no.5,
pp-457-463 (2004) (in Japanese)

H - A - R D - AR - e T A TRy U TR R A v
{iA8 AC/DC/AC % mﬁt LB~ MY v s Rar—2 ORIk
A D, 1245, 55, pp.457-463 (2004)

(4) T. Noguchi, A. Sato and D. Takeuchi : “Minimization of Smoothing
Capacitor and Operation Characteristics under Unbalanced Power Source
of Direct-Power-Controlled PWM Rectifier”, Trans. IEEJ, vol.126-D,
no.2, pp.103-108 (2006) (in Japanese)¥f 1 « #j#% « YN « TELHEFE Ui
I PWM BEIRGOFH =2 7 o R & 4\+@I@/}? BIFD
MR R D, 126 8, 245, pp. 103-10 (2006)

(5) T. Ohnishi, and Y. Minamoto, “Three Phase Current Fed Type PWM
Converter by Direct control of Instantaneous Current Vector”, IEEJ Trans.
Ind. App., vol. 115-D, no. 8, p.p.948-990 (1995)

KVETEAE - BEARMEE - BRI~ 2 b VESHE S X AR BT
PWM 2 3—% |, FE¥5a D, 115%, 85, p.p.948-990 (1995)
(6) K. Toyama, O. Mizuno, T. Takeshita, and N. Matsui, “Suppression for

Transient Oscillation of Input Voltage and Current-Source Three-Phase
AC/DC PWM Converter”, [EEJ Trans. Ind. App., vol. 117-D, no. 4,
p.p-420-426 (1997).

LTS - KB A& - VT RBERT - AR HETT - TR 4 PWM 2
N—=ZIZB T 5 ATV EE - BIROBHEIRENIG] ), B D, 1175,
455, p.p.420-426 (1997)

(7) Y. Sato, T. Kataoka, “An Investigation of Waveform Distortion and
Transient Oscillation of Input Current in Current Type PWM Rectifiers”,
IEEJ Trans. Ind. App, voL 114-D, no. 12, p.p.1249-1256 (1994).
Vel 2« NAKE « (R PWM BRI 1) 5 A BHTOT
Fr LIRS @q—ré E52], EEm D, 114, 12 %5, p.p.1249-1256
(1994)

(8) D. Takeuchi, A. Sato and T. Noguchi : “New control Strategy of Matrix
Converter Based on Direct Power Control”, Proc. of the 2004 Japan Ind.
Appl. Soc. Conf, vol.1, pp.309-312 (2004) (in Japanese)

VI - Ve - B TEBEE D RIEE 2@ Lic~s b Y 7 23—
X OFHIELE ] HI6 EBLKFERERLICTIMIKREE, vol. 1, pp.
309-312 (2004)

6.6




<<
  /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


