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CONTROL OF THREE PHASE MATRIX FREQUENCY CONVERTERS
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. Ye. Korotyeyev @, M. Klytta ),
®) University of Zielona Géra, Institute of Electrical Engineering,
Podgo6rna50, 65-246 Zielona Gora, Poland,
Tel. (+48 68) 3282 626, Fax (+48 68) 3254 615, E-mail: l.Korotyeyev@iee.uz.zgora.pl.
™) University of Applied Sciences Mittelhessen, Department of Electrotechnics and Information Technology,
Wiesenstrasse 14, 35-390 Giessen, Germany,
Tel. (+49 641) 309 1930, Fax. - 309 2941, E-mail: Marius.Klytta@ei.thm.de.

A procedure for the synthesis of control signals for three phase matrix frequency converters is presented. The
procedure is based on extension of the space of one time variable to the space with two time variables. An expansion of
control signals in Fourier series is use. References 2, figure 1.
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Let us consider a three phase matrix frequency converter (MFC) presented in Figure.
The switches S, ... Sec shown in Figure are ideal. They are turned

p 2 b e on and off periodically with durations defined by a matrix
€ i jS jS -S A daa dag  dac
3 2.y, r/- aA._/- bA./- u\B M(t)=| dpa dpg dpc
2 5 D
Ii» ._/JSaB '_/J SbB ._/ SCB dCA dCB dCC
€, . . e~ C  Thebest known strategies used for control of such MFC are developed [1].
e J Sach/ j Sc § j Sec It has been shown [2] that the above mentioned control strategy is not
* iP * iS * i° single-valued. In this article we consider method based on extension of the
Vi V Vs ’ space of one time variable to the space with two time variables and control

signals expansion in Fourier series. A synthesis of control signals is realized
using their presentation as sum of steady components and first harmonics.
Coupling between input and output voltages describes the equation

V =M(t)E 1)
and between output and input currents the relation
I=MT @®)I°, )
where
E; coswt V, cos(o t+o) l; cos(ot +v) I, cos(o t+p)
E=| E; cos(wt+2n/3) |,V =|V, cos(o t+2n/3+0c) |, | =| I cos(ot+2r/3+V) |, 1° =| I, cos(o t+2n/3+p) |-
E; cos(ot +4n/3) V, cos(o t+4n/3+ o) l; cos(ot +4n/3+ V) I, cos(o t+4n/3+p)

are vectors of input and output voltages and currents with » and o, as frequencies of input and output signals.
Since the above cosines functions depend on three variables «©, o and t identically, we could replace them in the
following way
t>Q, 0-t, 0o >7. (3)
Let us assume that coefficients of the matrix M(t) are periodical and are described by steady components and first

harmonics my, = mfk +my sin(Qt) + myj, cos(Qt) , where coefficients mlok , M , Mg, might depend on time ©, k =1,2,3.
In order to find these coefficients let us multiply first row of matrix M(t) by the vector E and expand the result in

Fourier series. We obtain in this way four equations. Two further equations result using conditions that input circuits
should not be shorted and output circuits cannot be opened, i.e. 1=M(t)1 (where 1 is the unit vector). After solving of

these equations we get
0, = 1 s —6mi3(v/3+1gp) +2csy (3++/3)secp ¢ —2(3cosp +sinp)(~cs; +3mfzseqp)
N ! 33005 2p - 3sin 2p '

3 mi1 (\3-3tgp)(3++/3)

The variables cs;, ¢s, and cs3 in above coefficients are elements of the vector V and depend on time t. We
can determine all other coefficients my, in the same way. These coefficients depend on m3;, cs, and mgz, Cs3.
In order to find the coefficients my3, m3; and m3; one uses (2) and after additional analyses they could be

chosen as follows mS3 = pcs,, /~/3 . After substitution one obtain the following expressions
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myy = {1+ 24 cos(QHc)[cos(x—m)+ﬁ(u—1)sin(x—gt)]}/3 ;
myy = {1+ qcos(Qt+ )| (3u—2) cos(r — 1) +\/§(u—2)sin(k—Qt)J}/3;

mys = {1+ qeos(Qt+o)[ (3u-4) cos(x—Qt)—ﬁusin(x—gt)]}/s.

Other coefficients can be written by shifting the argument of cosines in the following way ¢ - c+2n/3, c > c+4n/3.
Then first elements of the wvectors of the output wvoltage V calculated by (1) have the form

q[cosx+\/§(p—1)sinx]cos(QrJrc), and the input current | calculated by (2) is as follows qcos(p—o)x

X [cos(x -Qt) + V3 (uw—-2)sin(r— Qt)] . Other elements of the vectors VV and | are obtained by similar shifting of arguments

c—>o+2n/3, c »>oc+4n/3 and A > A-2n/3, L —> A —4xn/3. We can transform parts of these expressions in the

following way cosh+~B(u—1)sin2 =1+ 3(u—1)? cos(h— ) cos(L—Qt) ++/3(u—-1)sin(h—Qt) =

= \1+3(n—1)* cos(h - —Qt) , where ¢ = arctg [V3-1)].

Multiplying input and output vectors of current and voltage one finds input and output power of MFC
30y/1+3(1—1)* cos(p—) cos(h—§) /2.

In order to obtain signals in the space of one time variable we use the substitution opposite to (3).

The synthesized control could change both the amplitude of output voltages and the amplitude and phase shift of
input currents. The power factor equal 1.0 could be obtained.

It should be noted that obtained expressions could be also transformed in expressions given in [1].
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B cmamve paccmomper npoyecC cuHmesa YNpasistOWux CUSHaio8 Ois 3-(asHblX MAmMpuyHbiX npeodpasoeameiei Yacmomsi.
Ipoyecc ocHosan Ha pacuuperuu npoCmMpaHcmed OOHOU QYHKYUU BDEMEHU 00 NPOCMPAHCMEA ¢ 08YMS (DYHKYUAMU BPEMEHU.
Hcnonvzyemcs pacuiupenue ynpagisiowux cueanos 6 paoy ®@ypwe. buon. 2, puc. 1.
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Y cmammi posensmymo npoyec cummesy cucHanié Kepyéawus Ons 3-(DasHux MAmpuyHux nepemeoprosauie uacmomu. IIpoyec
OCHOBAHULL HA PO3UWUPEHHI NPpoCcmopy OOHIei hyHKkyii yacy 0o mpocmopy 3 08oma QyHKyiamu yacy. B psady @yp’e suxopucmo-
8YIOMbCS POUIUPEHHS CUCHANIE KepysaHHs. Bioa. 2, puc. 1.
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