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Abstract. On the basis of the state variables method, the mathematical model of the resonant 
converter is constructed, within which the analytical dependences are obtained, which allow 
calculating the durations of the inter-commutation stages, the certain sequence of which pro-
vides the sinusoidal shape of the carrier pulses. The article aim is to study electromagnetic 
processes in the power section of the resonant frequency converter with pulse control and to 
obtain the analytical expressions for the durations of the inter-commutative stages of the con-
verter operation. With the usage of the state variables method, the solutions of vector-matrix 
equations, which describe the processes in the power section of the resonant frequency con-
verter, were obtained. That made possible to get the exact shape of the resonant voltage and 
current pulses and determine the durations of the inter-commutation stages, which provide 
their shape, characterized with the low THD. The phase characteristic of the converter opera-
tion cycle is constructed as well. The results of the research can be applied in the development 
of the pulse frequency converters control systems. The obtained analytical expressions allow 
computing the required switching moments of the converter power transistors. 
Keywords: frequency converter; resonant inverter; mathematical model; state variables 
method; phase characteristics.
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the control law, which will consider the non-sinusoidal-
ity of the certain sections of the carrier voltage pulses.

Thus, THE ARTICLE AIM is to study electro-
magnetic processes in the power section of the resonant 
frequency converter with pulse control and to obtain the 
analytical expressions for the durations of the inter-com-
mutative stages of the converter operation.

Basic material. 
resonant frequency converter with pulse control is pre-
sented.

The circuit includes a DC link, which includes the 
diode bridge rec Crec. The reso-
nant inverter executes the adjustment of the output volt-
age amplitude and frequency. It is a half-bridge, which 
includes the power transistors 
serial resonant circuit Lr – Cr  or Cr Cr , and the low-

Lf – Cf. the opposite diodes of the 
additional transistors 
capacitor. 
wave of the load voltage, and 
half-wave. Since in the case of the parallel connection 
of the capacitors Cr  and Cr  and in the case of discon-
nection of the capacitor Cr  from the resonant circuit, the 
nature of the inverter behavior stays unaltered during one 
inter-commutation cycle, then they can be convention-
ally called Cr. And during the formation of the control 
sequence for the half-bridge switches, one should use the 
value Cr Cr Cr  or Cr Cr  depending on the state of 

Problem statement. To control the output voltage of 
the frequency converters people use effectively enough 

-
er, the hard-switching operation mode of the pulse con-

losses, which can be reduced in the case of usage of the 

resonant switching and pulse modulation principles will 

transistors and improve the converter electromagnetic 
compatibility with adjacent electronic devices and power 
network as well. The investigation of the electromagnet-
ic processes in the power section of the frequency con-
verter, which combines the advantages of pulse regula-
tion and power transistors soft switching, is the topical  
task.

Latest  research  and  publications  analysis. The 

processes, which occur in the power section of the fre-
quency converter, which forms a low-frequency output 
voltage by smoothing out the high-frequency pulses. The 
sinusoidal form of the pulses in that work was obtained 
due to the modeling results. However, in the cases of ar-
bitrary circuit elements parameters, to provide the sinu-
soidal form of the carrier pulses and the form the pulse-
density control pulses sequence, it is advisable to obtain 
analytical expressions for determining the duration of 
the inter-commutation stages in the converter circuits, in 
which the desired shape of the carrier pulses is provided. 
These expressions will subsequently allow formulating 
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The controlled variable here is the output voltage of 
the converter y(t uout(t). The input parameter here is the 
voltage Us Cd. The con-
trol parameter here is the impulse ratio m, which is pro-
portional to the frequency of the consecution of voltage 
pulses, which open one of the inverter power transistors 
during the output voltage positive half-wave, and the 
other one - during the negative half-wave. The processes, 
which occur in the power section of the converter, can be 
characterized by the state vector  

)()()()()(T tutitutit CfLfCrLrx .

To describe the processes, which occur in the reso-
nant inverter, consider one operation cycle, which can 

diagrams for the power section of the converter dur-
t t  are shown 

a – e respectively.
Differential equations, which describe the operation 
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When the control pulse occurs on the transistor 
the inductor Lr starts the energy accumulation. At the mo-
ment, when the current through Lr becomes equal to the 
current through Lf, the opposite diode of 
the capacitor Cr starts charging. The current through Lr 
continues to grow until the voltage on Cr reaches the 
value Us Cr charges to the value of Us. 
At the moment, when the current through Lr reaches the 
value of the current through Lf , the Cr starts to discharge 
and its voltage falls according to the sinusoidal law. Af-
ter the accumulated energy in the inductor Lr complete-
ly dissipates, the voltage of the capacitor Cr continues 
lowering linearly and when the voltage reaches zero, 
the opposite diode of the transistor 
the capacitor Cr Lf , which 
all that time is charging from the resonant circuit, starts 

Cf , which in turn supplies  
the load.

In the case of active load, due to the co-direction of 
the potential difference on the capacitor and the current 

of the transistors 
to that, the current through the additional switch does 

of a closed state of the corresponding additional transis-
tor 
natural switching of the opposite diode does not occur, 
therefore, for the correct operation of the circuit it is 
necessary to carry out the forced switching of the corre-
sponding additional transistor 
control signals can be described by the following logical 

)0()0()0( 23 outVToutoutVT UUIUU

;)0( _21 rezCVTVTout UUUI

)0()0()0( 14 outVToutoutVT UUIUU

.)0( _21 rezCVTVTout UUUI

The investigation of the electromagnetic processes in 
the power section of resonant frequency converter, de-
pending on the control parameter, can be conveniently 
carried out with the usage of the state-variable method 
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Fig. 1. Schematic diagram of the resonant frequency converter 

Fig. 2. The equivalent circuit of the resonant inverter with 
pulse-density control 
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In the vector-matrix form, these systems of equations 
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c) for the third stage
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d) for the forth inter-commutation stage
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The resonant circuit current and voltage curves re-
quired for calculating the time for each inter-commuta-

Since the operation cycle of the resonant inverter is 
-

being initial for the further, then to determine the mo-
ments of the beginning and end of each of the stages, 
it is necessary to determine their duration, which are as 

s
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The matrixes  describe the circle topology, ma-
trix B  describe the connection of the source to the 
resonance circuit, matrixes C  describe the directions 
of the currents in the circuit.

The solutions of the vector-matrix differential equa-
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Fig. 4. The resonant circuit current and voltage curves
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The obtained phase diagrams allow visualizing the 
electromagnetic processes, which occur in the power 
section of the frequency converter. Due to the con-
structed mathematical model, the exact form of the 
carrier pulses was gotten and the durations of the stag-
es, in which one can receive the desired form of car-
rier sinusoidal voltage pulses with the low THD, were  
determined.

-
verter was constructed. The parameters of the model are 

Cr Cr

coil Lr Lf

Cf

The control system generates the output sinusoidal 
voltage according to the pulse-density law. The switch-
ing of all inverter transistors is carried out in a way as 
to ensure the duration of the inter-commutation stages 

-
a shows the resonant 

current pulses sequence, the sequence of the carrier reso-
nant voltage pulses, and a low-frequency load voltage. 

b the resonant current and voltage pulses of the 
enlarged scale are depicted.
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a) and experimental (b) 
phase diagrams of the pulse-regulated resonant inverter 
operation cycle, constructed on the basis of the solutions 

 
/2  ( )

0 

1 

2 

4 

  

( ) 

 

 

Fig. 5. The theoretical (a) and experimental (b) phase diagrams 
of the pulse-regulated resonant inverter operation cycle
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Thus, the formation of the frequency converter power 
switches control pulses durations and sequence, which al-
low providing the chain of inter-commutation stages men-
tioned in the paper, leads to obtaining the desired piecewise-
sinusoidal shape of the carrier resonant voltage and current 
pulses with the low values of the total harmonic distortions.

The spectrum of the carrier resonant capacitor volt-
a, which corresponds to 

The spectrum of high-frequency resonance coil current 
b. Their total harmonic distor-
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Fig. 6. Simulation model of the resonant inverter

Fig. 7. The resonant converter simulation results 

Fig. 8. The spectrum of the resonant current (a) and voltage (b) pulses
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the power section of the resonant frequency converter, 
which work involves the combination of the soft switch-
ing and output voltage pulse regulation principles, were 
analyzed. The computer simulation of the resonant fre-
quency converter operation is implemented. It presumed 
the carrier pulses generation by real time calculating 
the power transistors switching moments in accordance 

-
lowed analyzing the spectra of the carrier voltage and 

 
results.

CONCLUSIONS. Thus, the analytical expressions 
-

obtained. They allow calculating the switching moments 
for the converter power transistors in order to provide 
the sinusoidal shape of carrier voltages pulses and reso-
nant current pulses with low total harmonic distortion 

-
matical model of the converter, the converter operational 
cycle computed and experimental phase diagrams are 
received and the electromagnetic processes occurring in 
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