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Abstract: This paper presents a concept of an NHM Matrix Converter (MC) modeling 
under periodic control strategy patented in Poland. This strategy allows to change an N-
phase input system of voltages and current with the frequency fi to the M-phase output 
system with the frequency fo, maintaining both systems symmetrical and providing small 
distortions of voltage and current waveforms at rather high frequencies. In this paper the 
control strategy is extended for dynamic states when one of the frequencies is changed. 
Matrix converter equations have been derived using the constrain matrix, which is 
determined by the switch states. The equations have the hybrid form of a multi-port 
circuit. To simplify these equations the symmetrical components of input and output 
voltages and currents have been applied. As a result, rather simple equations have been 
found. They can be interpreted to an equivalent scheme. All considerations are illustrated 
using an exemplary 6H3 matrix converter. 
Key words: Matrix converter, control strategy, symmetrical components, equivalent 
scheme 
 
 

 1. Introduction 
 
 The NHM Matrix Converter (MC) is one of the most promising power electronics unit. It 
is build with fully controlled switches arranged into M columns and N rows as shown in 
Figure1.  
 Recently, there have been a lot of papers devoted to its control, possible applications and 
investigation of properties [5, 7, 9, 10]. The MC is usually modeled as a parametric circuit, in 
which switches are represented by resistances changing the value for conducting and non-
conducting states according control strategy. Models of systems including MC are rather 
complicated and its simulations are rather time consuming. In this paper is proposed a metho-
dology, which allows reducing number of equations necessary to model MC at any dynamic 
condition for a special control strategy, named as Periodic Control Strategy (PCS) [1]. Similar 
methodology has been successfully applied for analysis of steady-states in the MC under the 
PCS with symmetrical external systems [13, 14]. 



                                                                      T. Sieńko, T.J. Sobczyk                                           Arch. Elect. Eng. 306 

 

Fig. 1. Topology of NHM matrix converter 
 
 

2. Periodic Control of MC 
 
 Let’s the state of each switch of MC in Figure 1 is described by the function )(, tk mn , 
which assumes the value ‘1’ for a conducting state and ‘0’ for a non-conducting one. The sub-
scripts ‘n,m’ indicate the switch position in the MC device. Base on it, the state of whole MC 
can be described by the following matrix )(tK  
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 Notations of external currents and node potentials are show in Figure 1, the currents of 
particular switches are denoted by mni , . Under the Periodic Control Strategy (PCS) the states 
of MC switches change their state according to the general formula  

  ( ) ⎟
⎠
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⎜
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⎛ ⋅−−⋅−−=

M
T1
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T)1()( 1,1, mntktk mn  (2) 

for }M,...1{  },N,...1{ ∈∈ mn . It means that the state functions of all switches are shifted ac-
cording to the formula (2) with respect to the state function )(1,1 tk  of the switch (1,1), shown 
in Figure 2, assuming that MN > . 
 The states of particular switches are changed periodically with the frequency 1/Tfsf = , 
which relates the frequencies of main harmonics of input and output voltages as follows 
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sfMN fff ±=− . Specific features of the MC device under the PCS are described also in [2-4]. 
Shortly, the advantages of such control are: a good shape of input voltages and relatively small 
switching frequency sff .  
 

Fig. 2. The state function )(1,1 tk  
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 The formula (2) describes the elements of the matrix )(tK  for a steady state. An MC 
device under the PCS features a constant sequence of states. Each state assumes a certain time 
interval, which in a transient could be changed. So, for the analysis of MC dynamics, the 
variable time ‘t’ should be replaced be the discrete variable ‘z’, which determines a number of 
time interval during which the state of MC device does not change. The variable ‘z’ is more 
convenient for modeling the dynamics of MCs. Using the discrete variable the formula (2) can 
be rewritten as follows 

  ( )( )( )Nmodp1)1()( 1,1, ⋅−−−−= mnzkzk mn  (3) 

where N/Mp = is an integral. Those functions allow writing down the matrix )(zK . It is 
periodic with respect to the discrete variable ‘z’ 

  )N()( ⋅+= czz KK  (4) 

because the states of the MC device under the PCS are repeated after every ‘N’ states (c is an 
integral). The quotient N/Mp = at PCS should be integral [3, 4]. In an MC application to a 3-
phase power system, both numbers N and M should be a multiple of 3.  
 Exemplary functions )(, tk mn  are shown in Figure 3 for an MC of N = 6 and M = 3 at 
a transient state when the input frequency (for M = 3) changes. The functions of switches in 
one column are presented in one graph. The functions of switches in one row share the same 
color in all graphs. The 6H3 MC have only 6 different states, for which the matrix )(zK  takes 
the following forms 
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Fig. 3. Example of successive values of  functions )(, tk mn  in matrix )(tK for dynamic MC operations 

 

 
Fig. 4. Assignment variable ‘z’ to individual time intervals 

 
 

3. Description of an MC under the PCS 
 
A) Equations in natural coordinates 
 For the mathematical description the following vectors of external potentials and currents 
are defined (see Fig. 1): 

[ ] Ttvtvtv )()()( NN,N,2N,1 L=Nv , 

[ ] Ttititi )()()( NN,N,2N,1 L=Ni , 

[ ] Ttvtvtv )()()( MM,M,2M,1M L=v , 

[ ] Ttititi )()()( MM,M,2M,1M L=i  

 The external currents are related to the switch currents )(, ti mn   
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Let the elementary switch n, m  is represented by a circuit revealed in Figure 5, in which cR  
denotes the switch resistance in a conducting state, nG  is the switch conductance in a non-
conducting state and mnk ,  is an ideal switch. 
 

Fig. 5. Representation of an elementary switch
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 For such a switch representation the MC can be divided into two connected parts in parallel, 
the first one with the conductances nG , representing an MC at non-conducting states and the 
second with the ideal switches mnk ,  and resistances cR  representing an MC in the ON 
condition. Introducing the vectors of the currents conducting and non-conducting parts of an MC  
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 The vectors of currents fulfill the relations  
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 The part with the conductances nG  has a constant structure and can be described using the 
node potential method  
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where ΝΕ , MΕ  are unit matrices with respective dimensions and NMO  is a matrix with ‘N’ 
columns and ‘M’ rows, having all elements equal to ‘1’. 



                                                                      T. Sieńko, T.J. Sobczyk                                           Arch. Elect. Eng. 310 

 To describe the second part of MC, with the resistances cR  and switches mnk , , the matrix 
)(zK  can be used. It should be noticed that while under at the PCS in that matrix in each 

column it appears no more than one element equal to ‘1’ and also in each row there is no more 
than one element ‘1’. It means that the matrix )(zK  is in fact the constrain matrix for a given 
MC state and it relate the currents )(c

N ti  to the currents )(c
M ti  

  .)( c
M

c
N iKi ⋅= z  (8) 

 So, external currents on the ‘M’ side are generalized variables of that second part of an 
MC, at MpN ⋅= . On the other hand, the voltage over the switch ‘n,m’ in a conducting state 
can be determined based on the circuits in Figure 5. 
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The relationships (8) and (9) lead to the following equations for the second MC part  
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 Using such hybrid description the external currents and voltages of an MC are only linked 
by the matrix )(zK . 

B) Equations in multiphase symmetrical components 
 An NHM MC under the PCS maintains the symmetry of topologies for each state gene-
rated by switches. So, it can be expected that the application for description symmetrical com-
ponents should simplified the Equation sets (7) and (10). Multiphase symmetrical components 
are defined by the matrix  
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where 

   R
2π

R eb
j

= .  

 New variables are defined as: 
  $ symmetrical components of voltage vectors  

  RR
R vSv ⋅=    for   M}{N,R ∈  (12) 

  $ symmetrical components of current vectors  

  s
RR

Rs, iSi ⋅=    for    M}{N,R ∈  and c}{n,s∈  (13) 



Vol.  63(2014)   Modelling concept of NHM matrix converter under periodic control for dynamic states 311 

 The individual symmetrical components of all vectors, both voltages and currents, and are 
denoted as follows 

  [ ] .)()()( 1R10R T
txtxtx −= Lx  (14) 

 New current vectors keep the relations relative to (6) 

  Nn,Nc,N iii += ,   Mn,Mc,M iii +=  (15) 

 After recalculations the equations (7) take form 
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where the matrix NMO  with ‘N’ columns and ‘M’ rows takes the form  
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 So, the set of Eq. (16) is decomposed into equations for individual symmetrical components  
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 The equations for zero symmetrical components are coupled  
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 Equations (16a, b) represent elementary conductances. Circuit representations of Equations 
(16c, d) for zero components are presented in Figure 6.  
 Introducing symmetrical components the Equations (10) take the form 
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 The matrix )(S zK  is obtained as a product of the three matrices 
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 The elements of this matrix are calculated according to the expression  
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 Matrices )(S zK  for the exemplary 6H3 MC take the following forms  
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(18) 

 Matrices )(S zK  have quite different forms than matrices )(zK  for a 6H3 MC as shown in 
(5). Now, the nonzero elements lay in constant positions on the main diagonal of the 3H3 
hyper matrices. In a general case, the structure of those matrices depends on the quotient N/M 
and diagonal matrices with dimensions MHM are repeated N times. Such structures of the 
matrix )(S zK  allows for the decomposition of the set of Equations (17) onto M subsets, 
separately for each of the symmetrical component on the ‘M’ side. 
 In the exemplary 6H3 case the MC equations are divided onto three subsets  
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Fig. 6. Equivalent scheme for symmetrical 
components  ‘0’  of non-conductingpart of 
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 The set (19b) is most important as it contain symmetrical components of the order ‘1’, both 
on the ‘N’ side and the ‘M’ side, which appear at symmetrical operation of MC. Two first 
equations in (19b) can be interpreted as current sources )(c,1

N ti  and )(c,4
N ti  on the ‘N’ side, 

controlled by the current )(c,1
M ti  on the ‘M’ side. The third equation describes the voltage 

source )(1
M tv  on the ‘M’ side with the internal resistance cR , which is controlled by the vol-

tages )(1
N tv  and )(4

N tv  on the ‘N’ side. Equations (19b) together with the respective Equations 
(16a, b) can be interpreted as an equivalent MC scheme, shown in Figure 7. 
 This equivalent scheme shows that an MC under the PCS at symmetrical operations can be 
described by the first symmetrical components of currents and voltages on both sides. That 
scheme allows for the addition of any external object (generator, motor, power system etc.) 
using their representations for the first symmetrical component.  
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Fig. 7. Equivalent scheme of MC 
for symmetrical components ‘1’ 

 
 

4. Conclusions  
 
 The paper describes an NHM matrix converter under the, so called, periodic control for 
dynamic performances, when the switches change the states non-periodically but the sequence 
of a matrix converter states is maintained. To omit the problem of aperiodicity of states 
a discrete variable has been introduced, replacing time, which determines uniquely an actual 
state of the matrix converter. Specific features of the periodic control scheme allow to 
introduce constrain matrices relating external currents and voltages on both sides of an NHM 
matrix converter for MpN ⋅= . Based on these matrices, the hybrid equations of the NHM 
matrix converter can be created. Application of multi-phase symmetrical components decom-
poses those equations onto M sub-sets. The example of a 6H3 matrix converter shows all steps 
of analysis. 
 To summarize, in the paper, the most important equations for the symmetrical components 
‘1’ on the side ‘N’ and the side ‘M’, have been interpreted as an equivalent scheme of matrix 
converter. It could be useful for modeling the matrix converter as an element of a drive or 
a power system. 
 
References 
 [1] Sieńko T., Sobczyk T.J., A method of matrix converter control. Patent of Republic of Poland No. 

204643 (2003).   



Vol.  63(2014)   Modelling concept of NHM matrix converter under periodic control for dynamic states 315 

 [2] Sieńko T., Sobczyk T.J., Matrix converter control for applications to multi-phase high-speed 
generators. Archives of Electrical Engineering, PWN, Warsaw 53(2): 217-228 (2004). 

 [3] Sieńko T., Sobczyk T.J., Matrix converter for high-speed generators. Proc. of IEEE International 
Electric Machines and Drives Conference (IEMDC’05), San Antonio, CD – IEEE Catalog 
05EX1023C, pp. 1975-1980 (2005). 

 [4] Sieńko T., Sobczyk T.J., Danilevicz J.B., A study of asymmetrical regimes in matrix converters for 
multi-phase high speed generators. Proc. of IEEE Power Tech 2005, St. Petersburg, CD-Paper No. 
12 (2005). 

 [5] Casadei D., Serra G., Tani A., Zarri L., A review on matrix converters. Przegląd Electrotechniczny 
(Electrical Review), Sigma-NOT Pub., Warsaw, 82(2): 15-25 (2006). 

 [6] Sieńko T., Sobczyk T.J., Application of Matrix converter as a voltage phase controller in power 
system. IEEE SPEEDAM 2006, Italy, pp. 13-17, IEEE Catalog No. 06EX1320C (2006). 

 [7] Kolar J.W., Friedli T., Fischer F., Round S.D., The essence of thre-phase AC/AC converter systems. 
[in:] Proc. Power Electronics and Motion Control Conference (EPE-PEMC’08), pp. 27-42, Sept. 
(2008). 

 [8] Sobczyk T.J., Analysis of voltage transfer at 9x3 matrix converter. (in Polish), Technical Tran-
saction, Cracow University of Technology Press, Kraków 105: 79-93, 1-E/2008, (2008). 

 [9] Kolar J.W., Friedli T., Rodriguez J., Wheeler P.W., Review of three phase PWM  AC – AC converter 
topologies. IEEE Trans. Ind. Electron 58(11): 4988-5006 (2011). 

[10] Eslami M., Shareef H., Mohamed A., Khajehzadeh M., A survey on flexible AC transmission 
systems. Przegląd Elektrotechniczny (Electrical Review), Sigma-NOT Pub., Warsaw 88(1a): 1-11 
(2012). 

[11] Friedli T., Kolar W., Milestones in matrix converter research. IEEJ Journal of Industry Applications 
1(1): 2-14 (2012). 

[12] Rodriguez J., Rivera M., Kolar J.W., Wheeler P.W., A review of control and modulation for matrix 
converters. IEEE Trans. Ind. Electron. 59(1): 58-70 (2012). 

[13] Borkowski D., Sobczyk T.J., Description of matrix converter in frequency domain. Archives of 
Electrical Engineering, Polish Academy of Science 62(3): 387-400 (2013). 

[14] Borkowski D., Matrix converter as power flow controller in transmisson line – operation analysis 
in frequency domain. Monograth of the Cracow University of Technology on Electrical & Computer 
Eng. no. 428, Cracow (2013). 



<<
  /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 /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 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


