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A derivation of control signals of three phase matrix converters is based on extension of the space with one to the space
with two time variables. The control signals are presented in form of Fourier series with four coefficients. The
procedure is based on equating appropriate coefficients corresponding harmonics of double Fourier series and on
solving obtained equations. References 3, figures 1.
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Introduction. The processes in the circuits of three phase matrix frequency converters (MFC) are described by
the following equations

V=M@E, I=M" (I (1,2)

E, cos((ot) V. cos(w,?) .
where E =| E cos(ot +21/3) V cos(m, t+2m/3) | are vectors of the input and output voltages,
E cos(wt +4n/3) V cos(co t+4n/3)

1, cos(ot + ¢) 1, cos(o,t + ) .
I=| 7 cos(ot+2n/3+¢) | and I’ =| I, cos(w, 1+2m/3%y) | are vectors of the input and output currents, @ and @, are
Icos(u)t+4n/3+ ) 1 cos(o)t+4n/3+\u)

pulsations of the input and output signals.
The circuit topology of such a converter is shown in Figure.

hy @ b ¢ The switches S, ... S, are assumed as ideal. They are turned on and off
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el i F/J S, b—/JSb ., F/Jst y periodically with appropriate time intervals defined by the matrix
; * * m m m. .
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*/J Sc */JS”C */JS‘( The theory of MFC is based on a control of input and output voltages and
v, +l‘ v, +12 Vs f currents [1]. Since a choice of control signals is not univocal [2], we will show what
conditions are necessary to derive these signals. In this paper we use substitution [3]
t>Q, 0>, 0, >1 3)

in order to find control signals 7, using the double Fourier series.

Mathematical model. Let us assume that coefficients of the matrix M(z,1) are periodic al and can be

4
described as follows m,, = D[ msl, sin(kQr) +me, cos(kQx) ], 4

1=0
where coefficients msiK, mciK might depend on time t; n=a,b,c; K = 4,B,C .
In order to find these coefficients let us multiply the first row of the matrix M(z,t) by the vector E and then equate it

to the output voltage
V., cos(Qrt)+7V, cos(3Qt) + E, cos (3Qt ) = m,,E, cos(Qt )+ m ,E, cos(Qt +2n/3)+m,E, cos(Qt +4n/3) ®)

aB™i aC i

The terms ¥, cos(3Qt) and E, cos(3Q¢) determine a shift of a virtual zero of the three phase system. It makes possible
to obtain the gain: ¥V /E, = V372 [1]. As it has been shown in [1] voltages V, =—-1/6V, and E, = \/§/6V0 .

By using the condition 1=M(s,1)l (where 1 is the unit vector), we get: m, =1-m_, —m,. After substitution of
m,, from (4) in (5) and equating to zero expressions for corresponding harmonics we obtain a system of equations

from which we eliminate some of ms’,, mc , ms!,, mc., coefficients. Then we use the same procedure to find ms, ,

1

i 1 ] 1 1
mc,,, ms,. , mc,, and ms. , mc

s S, , MC,, !, mc,, ms',, mc, coefficients. For input and output voltages we use the matrix equation (1).
Now we use the matrix equation (2) for input and output currents. Let us consider the equation
1,cos(Qt) =m,,I cos(Qt)+m,,I cos(Qu+2n/3)+m,I cos(Qr+4n/3). 6)

We again form a system of equations by equating to zero expressions for corresponding harmonics. In this equations
the coefficients m,, and m_, are obtained from m_, by changing indexes a for b and a for ¢ and by substituting Qt
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for Qt+2n/3 and Qt for Qu+4n/3. After solving of these equations we find all m,, coefficients. We also obtain the
expression VI, = E.I,, which corresponds to equality of the input and output powers.

It should be noted that in m , some of ms’, , mc!

. coefficients are not defined. First, we use the symmetry condition: it

means that the steady-state of m , should equal 1/3. Second, we consider that amplitudes of harmonics in m , are the same.

In that manner we again eliminate some coefficients. For the sake of conciseness we show only the coefficient m,,

m,, =1/(9E,){3E, +(-9mc’ E, + 6E, ) cos(2Q1) + 6 cos(Q) [V, cos(21) + ¥, cos(3Q1) | + 23

A
[3mcﬂEE,. +V, cos(Qr1) +V, cos(3Q1:)] sin(Q¢) +9E, |:mc:1 cos(4Q¢) + ms; [— sin(2Q¢) + sin(4Qt)]:|} .

One can see, that we can eliminate some harmonics by simply setting ms’ =0 and
me,,, = [V, cos(Qr) +V, cos(3Q1)]/ (3E, ) . Consequently
{E, +(-3mc! B, +2E, ) cos(2Qx) + 3mc, E, cos(4Q1) + 2 cos(Q1)[ ¥, cos(Q1) + ¥, cos(3Q1)]

cA™i
3E,

i

Now we choose the coefficient mc., in order to obey the conditions 0<m, , <1. Analysing the extremes of m,, with

ad

respects to ¢, © and mc’,, we find that extremes are outside of the intervals 0<m_, <1. So, we should find extremes with

nk —

respectsto I, t,equate m,, =1 or m, =0 and determine mc’, . After substitution the obtained value of mc’, we get

{18E,. + (36E3 +~/3, )cos(2Qt) —\J3V cos(4Q1) + 36 cos(Q1) [V, cos(Qr) + ¥, cos(3Q0)]

maA =

S4E,

It should be noted, that obtained expressions coincide with expressions given in [1] for the case when phase shifts
are equal to zero.
Conclusions. In this paper control signals for three-phase matrix frequency converter are founded. The method is
based on the use of the double Fourier series and the extension of the space of independent time variable. The system of
equations for determining of control signals is obtained and solved.
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Mope1r0BaHHS CUTHAJIIB YIPABJIiHHS TPU(A3HOT0 MATPHYHOIO NIEPeTBOPIOBaYa HAa OCHOBI NoaBiiiHoro psiny Pyp’e
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Mooenosanna cuenanie ynpasiinusa mpugasnux MampuuHux nepemeoprosayis 6a3yemvcs Ha pOWUPEHHi nPOCmopy 3
o0Hi€t0 Yy npocmip 3 06oma 3minHumu uacy. Cuenanu ynpaeninms npeocmaeieni y euensoi pady Pyp'e 3 yvomupma
koegiyiecumamu. Ilpoyedypa 3acHO8aHa HA NOPIGHAHHI KOeIYiEHMI8 GIONOBIOHO 2APMOHIK NO08IUHO20 psdy Dyp'e i na
supiwenni ompumanux piensns .biomn. 3, puc. 1.

Kntrouosi cnoea: maTpudHUiA IIepeTBOOBAY YaCTOTH, OABiitHUN pan Dyp’e

MonesnpoBaHie CHTHAJIOB yIpaBJieHus1 Tpex¢ha3Horo MaTpH4HOI0 Mpeodpa3oBaTesIsi HA 0OCHOBE IBOWHOIO psiia Mdypne
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Mooenuposanue cucHanos ynpasieHuss mpexgasHvlX MampudHblX npeodpazosamenell OCHOBAHO HA PACWUPEHUU
NPOCMPANCMBa ¢ 0OHOU 8 NPOCMPAHCINBO ¢ 08YMsi nepemenHvimu epemenu. CueHanbl ynpasneHus npedcmasienvl 6
sude psoa Dypve ¢ uyemvipoms KodIpPuyuenmamu. Ilpoyedypa ocHosana Ha NPUPAGHUSAHUU KOIPDuyUeHmos
OMHOCUMENbHO 2APMOHUK 0801iH020 pada Pypbe u Ha peuieHuu noay4eHHslx ypaerenui. buodi. 3, puc. 1.
Ki1roueBble cj10Ba: MaTpU4HBIN peoOpa3oBaTeb 4acTOThI, IBOWHOH psin Dyphe.
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