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TIME DOMAIN DIGITAL STATE-SPACE MODELING OF PWM CONVERTER

A.L.Osadchij, V.V.Rogal,
National Technical University of Ukraine "KPI",
Politekhnichna Str., 16, 03056, Kyiv, Ukraine.
Article presents a method of time-domain digital modeling of PWM converter operating in a continuous conduction mode. Digital
values during switching period are introduced with an aim to simplify linearization. It is shown that continuous modeling of
variations around steady-state operating point is not a necessary assumption for linearization. References 5.
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Discrete-time modeling of PWM converter was introduced by Packard [1]. Later it was shown how to present a Packard’s
model in a state-space form of description [4]. In the letter [3] it is shown how the well-known discrete-time modeling can be
extended to take into account the sampling, modulator effects and delays in a digitally controlled converter. In [1,2,4,5]
continuous model of variations in PWM is necessarily used for linearization. And continuous small-signal variation equations are
integrated across one complete switching period including modulation to find the small-signal difference equations [1, 4]. The
task of this article is a derivation of general method of digital state-space modeling of PWM converters.

Digital modeling means that system is quantized both in time and amplitude. Digital values during switching
period are introduced, because, despite of modulation of the variables in time and in amplitude, digital values have the
same dimension. So linearization of the power circuit can be significantly simplified.

PWM converter in a continuous conduction mode of inductor’s current is considered. An assumption is made
that electronic key is ideal, and circuit elements are linear with stable parameters. In a general case converter is defined
by two various differential equations in two keys positions (single commutation on period)

1 1 2 2( ) / ( ) ( ); ( ) , ( ) / ( ) ( ); ( )dx t dt A x t B u t nT t nT n T dx t dt A x t B u t nT n T t nT T
where ( )u t  – input voltage vector, 1 2,A A  –  dynamics matrixes, 1 2,B B  – input voltage matrixes, T – switching period,

( )n – duty cycle on n-th switching period.
Derivation is made in such a sequence. 1. Determination of solutions of differential equations on n-th switching period for

the intervals of commutation. 2. Determination of the value of state vector at the end of switching period ( )x nT T , using its
value at the beginning of switching period ( )x nT . 3. Linear approximation of exponential matrix. 4. Introduction of digital
values on switching period around steady-state operating point and linearization of difference equations.

The final result is a state-space digital model of PWM converter in a general form of description:
1ˆ ˆ ˆ ˆ( 1) ( ) ( ) ( ) ( ),x n x n T A X x n B U u n B n

1 2 1 2 1 2 1 2(1 ) , (1 ) ,A A A B B B B A A X B B U ,

where , ,X U  – steady-state values of state vector, input voltage and duty cycle respectively, ˆˆ ˆ( ), ( ), ( )x n u n n  – changes
of digital values of state vector, input voltage and duty cycle respectively during n-th switching period.
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