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Abstract - Matrix converter is a three phase to three
phase AC-AC conversion topology with no charge up
circuit i.e electrolytic capacitor. The Matrix Converter
has various advantages in comparison with convential
converters. The matrix converter has less number of
switches and low cost and no bulky configuration. fis
paper presents a technical review on various topodpes
of matrix converter, current commutation technique,
control and modulation strategies demonstrating thi
pros and cons autonomously.
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Fig.1.1- Basic matrix converter

I.  INTRODUCTION With nine bi-directional switches the matrix corteer

can theoretically assume 512°)\@lifferent switching state

Matrix converter (MC) is a three phase to threespha compinations. However, not all of them can be uefu
configuration with direct AC-AC converter topologié its  employed. The choice of matrix converter switchsigtes
basic structure. The matrix converter has sevehshm@tages combination has to comply with two basic rules.sEir
over traditional rectifier-inverter type power fl8NnCy taking into account the condition, that the comseris
converters. It prOVideS Sinusoidal Output WaVeformgupp"ed by a V0|tage source and usua”y feed dudﬁwe

bidireCtionaL as it has inherent bi'directionabmy flow |Oad, the input load should never be short-circlite
capability and therefore, the input power facton be fully  secondly, the output currents should not be inpteni
controlled. Also, it has minimal energy storageuiegments  From a practical point of view these rules implgttbne and

that allow to get rid of bulky and lifetime-limiteenergy  only one bi-directional switch per count output glanust
storing capacitors. In spite of above advantades,natrix pe switched on at any instant.

converter also has some disadvantages like its mani
voltage transfer ratio is limited to approximat&y% for With this constraint in a three phase to three ghas
sinusoidal voltage transfer. matrix converter only 27 switching combinations are
) ) . ~_ permitted. Matrix converter has received considerab
) The matrix converter consists of nine b|'d|rect|bnainterest, because it possesses the topo|ogicmmﬂona|
switches that allow any output phase to be condetct@ny features to fulfil current trends of the drives J127], [18].
input phase. The general architecture of matrixved®r is  The converter has also attracted the industry egijdin and
shown in Fig.1.1. the technical development has been further acdetra
because of strong demand in power quality, energy
efficiency downsizing of the convertersThis paper talks
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about various topologies and modulation techniques control input current displacement. The restltinput
available in the literature to simplify the decisionaking phase current obtained with space vector modulatian
from application point of view. very similar to the results of a three phase bridigzde
rectifier. In [9] by same authors a new modulatioethod is
presented which applied the space vectors in bettifier
IL. LITERATURE REVIEW and inverter sides. When the space vector modulato
applied at the input side it gives sinusoidal inputrents
In 1976 , L Gyurgyi and B.R. Pelly are first whoand it also control the input displacement factorl987[10]
proposed the first silicon based converters[1]. e Tinst and 1991[11] authors Roy and Ishiguro introducedea
name given to Martix Converters was the “Unrestdct method. In this method instantaneous values ofirpat
frequency Changer”. This name is given by L.Gyurgyil Vvoltages are used to calculate the duty cycless Tiaw
B.R. Pelly. This Unrestricted frequency changer masmber method very effectively deals the problem of unbedal
of good and useful characteristics. and distorted input voltages abut it fails to cohthe input
displacement factor.
The configuration of unrestricted frequency changer
consists of nine bi-directional switches. The Utrieted
Frequency Changer worked at only low switching
frequencies. In [1] authors discussed about tlkeviacks III. MATRIX CONVERTER TOPOLOGIES
of the Unrestricted Frequency changer. The drawdbadk
Unrestricted Frequency Changer was that the UFC has Various MC topologies have been discussed sinc@ 197
inappropriate input currents and the its outputtage [14], wherein the research is not only concerned on
contains harmonics. The harmonics in the outputagel conventional direct matrix converter (DMC) presenia
was very low and due to this they cannot be editityed. Fig.3.1, but an indirect matrix converter (IMC)gpented in
Fig.3.2 has also been studied [20],[15],[19],[18}d can be
In [2] authors A.Alesina and M.Venturini introducad considered as an alternative to DMC based on tgpolo
improvement in the modulation scheme of Matrix
Converters. The modulation scheme given by the lasiAa
and M.Venturini solved the main drawback of the
Unrestriced frequency changer upto some extent avitbw
PWM voltage modulation scheme. This new schemengive
in [2] solved the problem of any type of harmoni@&ut this
modulation scheme has a serious drawback. The ohtioe
maximum output to input voltage was only 0.5i 1

In [3,4] A. Alesina and M.Venturini again proposad
improved schem. This new scheme increased the miaxim
output to input voltage ratio up to 0.866v/8/2. In this new
scheme zero sequence components are added tosihedde
output voltages. These two methods were able toradhe
input supply displacement factor. In [5, 6] autlZiogas

was proposed a new modulation method. This new adeth Fig.3.1 - Direct matrix converter
gave boost to the improvement in research of matrix
converter.

In this new scheme the author divide the Matrix ™ 1<{'§os
Converter into an imaginary rectifier and a imagyma 7 5% " — S
inverter with a imaginary DC-link. In this metholdetinput Vay 9 s —>
voltage was firstly rectified and then invertedget required N > D 0(3’\9—4@—
output voltage . This new method was named as entir v 12110'501@_
approach and it becomes very useful for the Matrix " . ? 10

6
Converter. 0‘& Sk (I)

In [7,8] author Huber was proposed Space Vector Fig.3.2 - Indirect matrix converter
Modulation to control the three —phase to threesphaatrix
Converter. The space vector modulation was ablgite In [15] authors done a comparison between Diredtima

maximum output input voltage ratio but this mettfaded  converter and Indirect matrix converter both arppéying
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Induction motor drive. After this comparison, authdind
that in ideal case and for same control systemDinect
matrix converter and Indirect, matrix convertereagvsame
performance. But when they done the comparisoiéct
matrix converter and Indirect matrix converter fozal
induction motor drives, they observed different putt
voltages for both the configuration and due toetéhce in
main circuit they also power losses and these $oisgeease
when different commutation methods are applied tfor
safe operation of both the configuration. The outmitage
of indirect matrix converter is more distorted thihae direct
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this toplogy is further classified as; Voltage-f&d source
matrix converter & Current-fed Z-source matrix certer.
This new topology of matrix converter gives maximum
output to input voltage ratio other than any toggl@f the
matrix converter and it has many more advantagesidsed
by the authors in [22].

The configuration of Z-source matrix converter dsns
nine bi-directional switches in addition of passalements.
No extra semiconductor switches are required in the
topology of Z-source matrix converter. The Currfad-Z-

matrix converter. When the overload is applied th&ource matrix converter [12],[26] is a combinatiaf

efficiency of Indirect matrix converter is less mhiée Direct
matrix converter.

In [21] authors introduced a new configuration adtrix
converter. They named this configuration sparserimat
converter (SMC). This new configuration consist ¢éss

number of elements, easy modulation scheme .Thesespa

matrix converter topology was introduced in 200kisThew
topology does not require multi-step commutatiod gives
reliable operation in industrial operations. Tharsp matrix
converter topology is mostly used for integrated é@es.
The Sparse matrix converter consist of 18 diodes,
transistors, and 7 isolated drivers potential (ID®Jhen
Sparse matrix converter and direct matrix convedss
compared there functionality are almost same. B t
Sparse matrix converter consists less number ofckes
than direct matrix converter. In sparse matrix @vier a

zero- DC link current commutation scheme.

This commutation technique is easy to control and
provides high safety to the Matrix converter togylo A
new topology of matrix converter named as Very spar
matrix converter it consist of 30 diodes, 12 tratsts and
10 isolated driver potentials, when this topology i
compared with direct matrix converter and sparsérima
converter , the Very sparse matrix converter perforery

Current-fed matrix converter and Z-source AC-AC
converter. This new topology gives higher relidpilover
the input currents, displacement factors and outpliage.

IV. MODULATION TECHNIQUES

A. VENTURINI MODULATION

In [14] authors introduced the first modulation
technique for the matrix converter named as Veniuri
modulation. In Venturini each leg of the matrix werter
was is switched one by one for a sampling period. ofTo
understand Venturini modulation more clearly letassume

Oonly one leg of the matrix converter. One leg & thatrix

converter consist only three semiconductors switckigese
switches are switched ON one by one for switchimgrival
pf Ty, Ty, Ta.

Now, the output voltage of one leg of the matrix
converter is given by:

wE WOt Ly

well than direct matrix converter and sparse matrix

converter. The Very sparse matrix converter cortfidess
number of transistor in comparison with sparse atr
converter but it contains more number of diodes th@arse
matrix converter, this more number of diodes inysaparse
matrix converter increases conduction losses inntlagrix
converter topology. After some time a new topologfy
matrix converter was introduced named Ultra spana&ix
converter (USMC).

This new topology consist of 18 diodes, 9 transsstnd
7 isolated driver potential.
displacement factor between input voltage and icputent
is limited up to+ 3(°. This drawback of topology was

comes out when it was compared with the sparseixnatr

converter topology. Now a days latest topology aHtnix
converter is in trend known as Z-source matrix @ster.

© 2013 Copyright IRIEAS. All Rights Reserved.

The maximum phasd’B=

And the duty cycles of one leg associated to the
timesty, t,, t;, are given by-

:?1:%+——:COS[(ab—m)t] )
_t_Z:E —_s - — 3
= 3+3 ecos[(ab wt+ 3] 3)
t, _1 2

B==42) w-wlt-—] 4
T53%3 cos[w-w)t 1 @4

The Equation (1) shows the output voltage of the
one leg of the matrix converter. Equation (2),(3) (&)
shows the modulating signals of the three switafesne
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leg of the matrix converter . The Ventutini modidat
technique is very easy to implement but it hasdifaevback

to limit the output voltage to input voltage rati® only
50%.

B. SPACE VECTOR MODULATION
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The dead time method is commonly used in investstesns.
The load current free- wheels through the antifErdiodes
during the dead time period. In the case of a Matri
Converter using dead time commutation will causepen
circuit of the load. This will result in large valie spikes
across the switches which would destroy the Matrix
Converter unless snubbers or clamping devices sed to

The SVM strategy, based on space vectdprovide a path for the load current during the déiate

representation becamery populardue to its simplicity[27].
The concept of space vector is derived from thatimg
field of ac machine which is used for modulatinge th
converter output voltage. In this modulation tecluei the
three phase quantities can be transformed to ¢ogiivalent
two phase quantity either in synchronously rotatiragme

period [19, 25]. The dead time commutation metr®adat
suitable for the matrix converter because for cotatian
dead time between the switching of switches is whethg
this dead time the snubber circuit losses its gnésg each
commutation. Because of the bi-directional switches
configuration of the matrix converter the designsafibber

(or) stationaryd-q frame. From this two phase componentgircuit becomes more complicated. Matrix Conwectecuit

the reference vector magnitude can be found and fe
modulating the converter output. SVM treats theusiidal
voltage as a constant amplitude vector rotatingoaistant
frequency. This technique approximates theference
voltage Vref by a combination of the eight switching

patterns Yo to V7)[29].

alb|c Va Vi V¢ Vab| Vbe| Vea
0jo0|0| O 0 0 0 0 0
110(0| 2/3| -1/3] -1/3| 1 0 -1
1/1|0| 1/3] 1/3| -2/3] O 1 -1
0(1]|0| -1/3] 2/3| -1/3] -1 1 0
O(1|1| -23] 1/3| 13| -1 0 1
0|01 -1/3|] -1/3] 2/3] O -1 1
1101 1/3| -2/3] 13| 1 -1 0
1(1(1] 0 0 0 0 0 0

Table 4.1 — Switching states and correspondinguistpf
a matrix converter.

V. COMMUTATION TECHNIQUES

The commutation techniques are very much impoftarthe
reliable operation of the matrix converters. Thenomtation
is quite difficult in matrix converter as comparéa the
conventional converters due to the absence of Htaral
freewheeling paths in the matrix converter. The
commutation has to be actively controlled at afies and
must respect to two basic rules which are describeithe
introduction.[23]

SIMPLE COMMUTATION METHODS

A. DEAD TIME COMMUTATION METHOD

© 2013 Copyright IRIEAS. All Rights Reserved.

further complicates the snubber design.

B. OVERLAP COMMUTATION METHOD

This method also breaks the rules of Matrix Corerert
current commutation and needs extra circuitry t@icv
destruction of the Matrix Converter. In overlap remt
commutation, the incoming switch is turned on beftie
outgoing switch is turned off. This will cause adito-line
short circuit during the overlap period unless &xline
inductance is added to slow the rise of the curf2hl24].
This is not a desirable method since the induceesin the
main conduction path therefore the conduction ®sesuld
be increased. in addition to this disadvantageethél be
significant distortion of the output voltage wawefoduring
the overlap period. The switching time for each partation
is increased and will vary with commutation voltagkich
may cause control problems.

VI. CONCLUSION

In this paper, literature of the matrix conveitediscussed
from the beginning of matrix converter up to thiesatrend of
the matrix converter. Different modulation techmiguare
discussed like DMC, IMC , SMC, VSMC, USMC and Z-sisu
MC. These different topologies are compared wittheather
and there advantages and disadvantage are discusdede
find Z-source matrix converter is more convenianmttbday’s
scenario research. Numbers of modulation technicares
applied to the matrix converter to get the desiesilts of the
matrix converter and space vector modulation teglencomes
forward with gives desired and satisfactory redultshe matrix
converter. Commutation is needed in the matrix edev and
simple commutation methods are discussed. Each atatiom
methods has its own advantages and disadvantapese T
advantages and disadvantages depend upon thegpblthe
matrix converter for which it is used. So, we geatnx
converter gives much better performance than cdiovieth
converter but matrix converter also needed attertieer its
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commutation methods.
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