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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 aAS … cCS  shown in Figure are ideal. They are turned

on and off periodically with durations defined by a matrix
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The best known strategies used for control of such MFC are developed [1].
It has been shown [2] that the above mentioned control strategy is not

single-valued. In this article we consider method based on extension of the
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

( )tV M E                                                                                  (1)
and between output and input currents the relation

( )T otI M I ,                                                                                (2)
where
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are vectors of input and output voltages and currents with  and L  as frequencies of input and output signals.
Since the above cosines functions depend on three variables , L  and t  identically, we could replace them in the
following way

t , t , L .                                                                      (3)
Let us assume that coefficients of the matrix ( )tM  are periodical and are described by steady components and first

harmonics 0
1 1 1 1sin( ) cos( )k k k km m m t m t , where coefficients 0

1km , 1
s
km , 1

c
km  might depend on time , 1,2,3k .

In order to find these coefficients let us multiply first row of matrix ( )tM  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. ( )t1 M 1  (where 1 is the unit vector). After solving of
these equations we get
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The variables 1cs , 2cs  and 3cs  in above coefficients are elements of the vector V  and depend on time . We

can determine all other coefficients nkm  in the same way. These coefficients depend on 23
sm , 2cs  and 33

sm , 3cs .

In order to find the coefficients 13
sm , 23

sm  and 33
sm  one  uses  (2)  and  after  additional  analyses  they  could  be

chosen as follows 3 / 3s
n nm cs . After substitution one obtain the following expressions
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11 1 2 cos( ) cos( ) 3( 1) sin( ) / 3m q t t ;

12 1 cos( ) (3 2) cos( ) 3( 2) sin( ) / 3m q t t ;

13 1 cos( ) (3 4)cos( ) 3 sin( ) / 3m q t t .

Other coefficients can be written by shifting the argument of cosines in the following way 2 / 3 , 4 / 3 .
Then first elements of the vectors of the output voltage V  calculated by (1) have the form

cos 3( 1)sin cos( )q , and the input current I  calculated by (2) is as follows cos( )q

cos( ) 3( 1)sin( )t t . Other elements of the vectors V  and I  are obtained by similar shifting of arguments

2 / 3 , 4 / 3  and 2 / 3 , 4 / 3 . We can transform parts of these expressions in the

following way 2cos 3( 1)sin 1 3 1 cos( ) , cos( ) 3( 1)sin( )t t

21 3 1 cos( )t , where 3( 1)arctg .

Multiplying input and output vectors of current and voltage one finds input and output power of MFC
23 1 3 1 cos( ) cos( ) / 2q .

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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