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Abstract

Among many methods of power converters analyses s alassical analytic ones, Laplace
transform or Fourier analyses — the most suitabledr both dynamical- and steady state
operation is transient analysis uses dynamic statgpace modelling or Z-transform method.
Impulse switching functions (ISF) is one of the faest methods for dynamic system solving.
Because of strongly non-harmonic output quantitie®f power converters systems the power
series of time pulses it deals with. Simulation redts using MATLAB environment show
possible consideration of impulse switching functias for equivalent scheme of the single
phase voltage inverter system with resistive — inditive load.

1 Introduction

There are many methods of power converters analydassical analytic methods, Laplace
transform or Fourier analysis is suitable mainly $teady state operation [1], [2]. Transient analys
uses dynamic state space modeling or Z-transforthade One of the fastest methods is with uses
impulse switching functions (ISF). For power conges systems ISF are strongly hon-harmonic. Then
it deals with power series of time pulses. Fig.hbves possible impulse switching function of
considered single phase voltage inverter systemeguaivalent scheme of this system with resistive —
inductive load.
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Figure 1: Impulse switching function of single pbasltage inverter system

2 Impulse switching function using Z-transform

Using basic definition of Z-transform - and takingp account Z-images of constant- and alternating
series [3] we can write
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whereU(2) is output voltage in z-plain and roots of polyriahef denominator are
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placed on boundary of stability in unit circle [#].

Applying inverse Z-transform for converter outpliage voltages in Z-domain we can create impulse
switching functions. For inverse Z-transfor(z)  {u,} one can use the residua theorem [4], [5]
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wheren=0, 1, 2, ...Nis number of poles.
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After adapting
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Taking discrete state-space model for single-phasgerter output current as state-variable
considering T order load (resistive-inductive)
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where FT/, GT/ are fundamental and transition matrices of systararmpeters.
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Applying Z-transform and considering resistive-intive load (the matrices have only one element)

2X(2)= Fy, X(2)+Gy Y. (2) - X(2) = X.G, Z+z 7)
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whereX(z) is image of founded state-variable (inductor eatror capacitor voltage), aid (2) is
maximum of steady state value{ or U, respectively).

And after adaption and simplification
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where z, = FT/, z, =1 are polynomial roots of denominatd(z).
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Applying inverse Z-transform

x(n%) ={x } = X.Gr, Uﬂ{g (z-2) - zji(zi -y zi”‘l} 9)

Finally we get discrete form of state variable {gamer output state variable — inductor currents or
capacitor voltages)
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For calculation of function values is necessargdtermine theFT/,GT/ function values which are
4 4

the state-variable values in ¥4 -instant of timaqak(i.e. they are state- and transition responses)
These can be obtained e.g. by using recursivaarlfiir one-pulse solution:

d);—gt):AD((t)+ BLY, (t) (11)

thus recursive relation
X(K+1) = F X, +Gp X, (12)

where j =g = 0. Solution in z-domain yields

G, @-rz H® (13)

X(2)= X, (z-Fy)a-rz?h)’

where F,, G, are discrete impulse responses of state-variabieed by some of identification
methods. The second fraction term is z-image op#réal sum of voltage impulses (1+60) [3], since
ré"x™"; a<0 is geometrical series, see next Fig. 2.
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Figure 2: To determination ﬁfr/, GT/
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After choosingA =T /360, k will be the in the range of 0+59, thus/ =y(60), and FT/ :1—GT/.
4 4 4

Supposing time constant of the load equal to T& an
Fp =0.9944598 G, =0.0055401 (14)

those values of,, G, will be
A

Fr, =F gVt =F,%0 = 07165292
A a0 A 3 (15)

because of=F,, and

1-F,% 60
8 =1-F,* = 02834707.
1_ FA (16)
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Now, one can calculate state-variatx[m%] for anyn, Fig. 3.
It is also possible to change the step of sergpd@r. step equal, , by determining ofFT/ and GT/
2 2
F., =F.,2=0513414 17
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and regarding t@T/ ;
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X@:F%x(o)m% X, (18)

It is also possible to change the step of sergpder. step equal;, by determining ofFT/ and GT/
2 2

Fr, =F;,° = 0513414 19

7, =Fr) 1, (19)

and regarding taBT/ :
2

x&j =Fy, x(0) + Gy, X, (20)
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Figure 3: Discrete response sequence of statebban’%n%j of single-phase inverter

T T
—|=F —|+G;, X, — G, = 04865857,
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So, then one can calculate
T
Xna1 = Fr /X +Gp {L{n_)}
2 Z: 2 22)
Where
u(n%]:U(—l)” . (23)

The steady state value of ‘periodical’ sequeb{oel—-j can be determined, based on condition

x(O) = —x(lzj orviceversaj.e. x(lzj = —x(O).

Then
G,
T\ [T VL P
X(EJ_F%{ >{2H+GT/2Xoo X(Zj 1+F% X, = 03215153X,,

soX(0) =X = —03215153X,,.

(24)

Settings this value intfx,} or {x .} =... we get



X, =-03215153(n =0),
Xy, = 00530956 (n=2)
4
Xy, = 0.513845(n = 2);
2

Based on zero order hold function [3] and totalhmatatical induction one finally yields

u(ka)=Upe ﬁsir{intege(? kA)g + IZT} : (25)

where integef means integer functio, is time period an#A is discretizing time.
Derived relations for voltages can be used forestatriable calculations in electrical engineering
systems.

x(k +1) = Faxy + Gaug g (kD), (26)

whereF, aG, are discrete impulse responses of state-varigbéesabove).

3 Impulse switching function used for three-phase poer converter systems

Similar method is possible to use for three-phgseem. As a conclusion it can be shown the use
ISFs for applying for three-phaggl-system [6]

Ug (n 2) = Upc gsin (ng + g) (27)

ug (n E) = —Uchcos (n% + g) (28)

Final relation for discrete form of state varialdnverter output state variable — inductor
currents or capacitor voltages will be

x (n g) = {x,} = Xo M [F%l/6 + \/§1_FT/6 sin (n g) — cos (n g)] (29)

2
FT/5_FT/6+1 1+FT/6

wheren =0,1,2,..x; FT/6’ GT/6 are fundamental and transition matrices (in gdherh system

parameters ankl,, is exciting function vaIueU(/ R or U, respectively).
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Figure 4: State variable response under sine PWidIgJ6]
Legend: red — impulse switching function, blueansient response, green — steady state waveform,
pink —switching pulses generated by inverter



As an example, transient- and steady-state wavefafnstate variable under sine PWM

supply with minimum number of switching states @iilse switching voltage function) are shown in

figure.
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