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METHOD OF CALCULATION POWER LOSS USING FREQUENCY
CONVERTER SIMULATION MODELING

Abstract: The method of simulating static and dynamic power losses in semiconductor diodes and transistors of
the Sinamics G110 semiconductor converter is presented. The results are confirmed by comparing the simulation data
with the frequency converter manufacturer's data

Keywords: autonomous voltage inverter, efficiency factor, frequency converter, uncontrolled rectifier

The conversion of alternating current network voltage with constant amplitude
and frequency into alternating voltage with adjustable amplitude and frequency
parameters can be carried out using a frequency converter made according to a circuit
with a DC circuit [1, 2]. Such a frequency converter includes an input uncontrolled
rectifier, the output of which is a smoothing filter and an autonomous voltage inverter
with pulse-width modulation on IGBT transistor modules [3, 4].

One of the simplest converters of this type is the Sinamics G110 frequency
converter, the diagram of which is shown in Fig. 1. The frequency converter is powered
by an alternating current network with a voltage of 220 V and a frequency of 50 Hz.
The frequency converter contains an input uncontrolled bridge rectifier on diodes
VD;...VDy, a smoothing filter on capacitor C; and an autonomous three-phase bridge
voltage inverter on six IGBT transistors VT;...VTs, to which the reverse current diodes
VD,...VDs are counter-connected.

| | | t |
VI,
'vp, 7 VDQZS: : VDH@S VD, J@S Vi, @5 R :
» ‘ R,' L]
) L \ |
| G =
| | | : ] |
| v, Vi v,
| VD &\ VD, B | |VD2J VDZJ@S J | |
L____L_L__'___'____J____J

Figure 1 — Structural diagram of the frequency converter

A significant part of the losses occurring in the frequency converter connected to
the network mainly occur in the bridge rectifier consisting of diodes and losses in the
autonomous voltage inverter modules consisting of IGBT transistors and reverse
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diodes connected to them [5, 6]. Additional losses occurring in the capacitor on the DC
side, the cooling system, the control system are not taken into account.

In high-power frequency converters, losses occurring in an uncontrolled rectifier
and in an autonomous voltage inverter can be critical. Currently, for losses in rectifier
and in inverter systems, there are various methods of their exact calculation, but with
a rather complex formula and complex parameters. Therefore, these calculation
methods are not easy to implement in practice. Therefore, it is necessary to determine
the losses in the rectifier circuit and in the autonomous voltage inverter circuit by
means of simulation modeling.

The circuit of the Sinamics G110 frequency converter was developed in the
Matlab / Simulink program, which is shown in Fig. 2.
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Figure 2 — Frequency converter model in Matlab / Simulink

FS15ROEXE3

GBPC2508W

The model contains the following blocks:

— block of bridge rectifier on diodes VD;...VD 4, which includes a smoothing filter
on capacitor Cy;

— block of autonomous three-phase bridge voltage inverter on six IGBT / diode
transistors VT (VD))...VTs(VDs);

— unit for calculating the loss in the rectifier and in the inverter;

— load block;
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— a set of measuring devices.

Using this calculation method, it is possible to determine static losses in an
uncontrolled rectifier, static and dynamic losses in IGBT transistors and reverse diodes
of an autonomous voltage inverter, and in general it is possible to quantitatively
estimate the efficiency of the frequency converter.

In the Table 1 shows a comparison between the losses obtained by simulation in
Matlab / Simulink and the losses given in the documentation of the Sinamics G110
frequency converter with a power of 1.5 kW.

Table 1 — Results of power loss calculation

Parameter Modeling in Matlab/ | Documentation | Deviation
Simulink
Total losses in modules 113,53 W 118 W 3.78 %
GBPC2508W + active resistance losses

The results of the comparison between the losses are very close. The comparison
deviation is only 3.78 %, which is an indicator of sufficient adequacy of the developed
model of the frequency converter in Matlab / Simulink. This method of calculating
power losses can be used in the design and analysis of frequency converters of any
power.
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THE FUTURE CHALLENGES OF HIGHER EDUCATION IN UKRAINE

Abstract. The paper examines the issue of the development of higher education in Ukraine and the importance of
active participation of students, critical thinking, and the development of relevant skills for the labor market. The
implementation of student-oriented teaching methods, which can improve the quality of education and prepare
graduates for the challenges of the modern world is analyzed.

Key words: challenges, educational policies, student-centered learning, approach. competitiveness.

The modern challenges of higher education development in Ukraine encompass
various aspects, including changing trends, problematic issues, and potential solutions
for implementation. These challenges play a crucial role in shaping the future of higher
education in the country.

One of the main trends in higher education development in Ukraine is the shift
towards a more student-centered learning approach. This trend emphasizes the
importance of active student engagement, critical thinking, and the development of
relevant skills for the job market. Implementing student-centered learning methods can
enhance the quality of education and better prepare graduates for the challenges of the
modern world.

However, along with these positive trends, there are several problematic issues
that need to be addressed. One major challenge is the lack of funding in higher
education. Insufficient financial resources hinder the development of infrastructure,
research capabilities, and faculty training. Adequate funding is essential to ensure that
universities can provide high-quality education and remain competitive on both
national and international levels. On the one hand, in this situation higher education in
Ukraine should be resultoriented, training professionals that are to reignite the
Ukrainian economy and social sphere and develop them further. At the same time the
education sector is experiencing additional difficulties related to the problems of
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