IOP Conference Series: Earth and
Environmental Science

PAPER « OPEN ACCESS You may also like
. . - Modelling of solid oxide cell oxygen
Investigation of a DC voltage boost converter gleé’;r!dssf 'dM,d. B” -
N . B ilvere Panisset, Monica Burriel, Jéerome
based on a multifunctional integrated Laurencin et al.
electromagnetic component "Diced aceess devicee for non-volatle

crossbar memory arrays
Rohit S Shenoy, Geoffrey W Burr, Kumar

To cite this article: R R Aflyatunov et al 2022 IOP Conf. Ser.: Earth Environ. Sci. 990 012039 Virwani et al.

- Equivalent Circuit Approximation to Porous

MixedConducting Oxygen Electrodes in
SolidState Cells

Meilin Liu

View the article online for updates and enhancements.

@ LSS DISCOVER
s = how sustainability
The vh : intersects with
Electrochemical & |

Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.128.94.171 on 05/05/2024 at 14:32


https://doi.org/10.1088/1755-1315/990/1/012039
/article/10.1088/2515-7655/acc5b1
/article/10.1088/2515-7655/acc5b1
/article/10.1088/0268-1242/29/10/104005
/article/10.1088/0268-1242/29/10/104005
/article/10.1088/0268-1242/29/10/104005
/article/10.1149/1.1838227
/article/10.1149/1.1838227
/article/10.1149/1.1838227
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsu6aZqN9fAnoxz7xqVlKABP8RPi57f9aEPCGKJE6EAy5rMtZccadFJTuvqRhg7ygpZb0qwXCV6wHuTU0BVWyREDg8Te52ZljmVLDF6RiqR8IyxU-L3RffdNwSSok4EbU1ueuibWzbp1GLI-bwab9vgOKU7HvrISD-5Gh6ynx77g0SH--T0XBEkGfEXZ1mQUSlxiJc8AQyXbnZsr42UMLNPLzRACGQGiE4srQRJSW89EBSk3mPgSH67ekc3a_LYxGFO1bP3ttC2kKMq80dtZxE4rTjZ6IQjvXzTe4vvme_7kgcb1z2EYoaO50X9kIO8xfsIl7NR1oMbg-SCTLVbFskRYYqNDiw&sig=Cg0ArKJSzCP3MzafkL9u&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

APEC-1V-2021 1OP Publishing
IOP Conf. Series: Earth and Environmental Science 990 (2022) 012039  doi:10.1088/1755-1315/990/1/012039

Investigation of a DC voltage boost converter based on a
multifunctional integrated electromagnetic component

R R Aflyatunov, P I Vasilyev and R T Khazieva

Ufa State Petroleum Technological University, 1, Kosmonavtov ave., Ufa, 450064,
Russia

E-mail: radmir.afl@yandex.ru

Abstract. The methods of functional integration of discrete electrical and electromagnetic
components allow to increase the reliability and efficiency of electrical energy conversion
systems, to reduce their weight and dimensions. The authors proposed a solution based on
replacing some individual discrete components of a DC voltage boost converter with a
multifunctional integrated electromagnetic component (MIEC). The component acts as an
inductor and filter capacitor. A computer model of a DC voltage boost converter based on
MIEC in the MatLab software package has been developed. The graphs of the output voltage
are obtained. The circuits of step-up converters of constant voltage are analyzed. The optimal
for the implementation of the replacement of the inductor and the filter capacitor with a
multifunctional integrated electromagnetic component has been chosen. A circuit of a DC
voltage boost converter based on MIEC is assembled. Oscillograms of the output voltage were
taken. The analysis of the computer model and laboratory test sample was carried out.

1. Introduction

The operation of a DC voltage boost converter is based on the phenomenon of self-induction. The
semiconductor switch commutes the current through the inductor. When the current is interrupted, the
energy stored in the magnetic field of the inductor is fed through the semiconductor diode and the
filter capacitor to the load. By controlling the switching time of the semiconductor switch and the
current through it, you can adjust the output voltage [1-3]. The use of functional integration methods
makes it possible to replace the inductor and filter capacitor with a single hybrid element. Thus, the
replacement of individual discrete components with a multifunctional integrated electromagnetic
component (MIEC) makes it possible to increase the reliability and energy efficiency of a DC voltage
step-up converter, to reduce its weight and dimensions. MIEC consists of two conductive copper
plates, separated by a polyimide dielectric and rolled up (figure 1). The equivalent circuit of a
multifunctional integrated electromagnetic component is shown in figure 2 [4-8].
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Figure 1. MIEC.

Figure 2. MIEC equivalent circuit.

2. Computer modelling

In order to obtain high-quality results of laboratory research, it was decided to create a computer
model of the proposed technical solution. So, in the MatLab software package, a computer model of a
simplified circuit of a DC voltage boost converter based on MIEC was created (figure 3) [6-11].
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Figure 3. Computer model.

The results of computer simulation are presented in figure 4 in the form of graphs of the output
voltage and currents through the rectifier diode and transistor.
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Figure 4. Graphs of the output voltage and currents through the
rectifier diode and transistor

3. Laboratory research

The results obtained in the course of computer simulation showed the feasibility of laboratory studies

and the creation of a DC voltage boost converter based on MIEC. The optimal DC voltage converter
circuit was chosen (figure 5).
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Figure 5. DC voltage converter.

Discrete elements Trl, C7 and C8 have been replaced with a multifunctional integrated
electromagnetic component (figure 6).
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Figure 6. Assembled converter circuit.

When the circuit is powered from 12V, the oscillogram of the output signal has strong ripple,
reaching an amplitude value of 27V (figure 7).

Figure 7. Oscillogram of the output Voltag.

In order to reduce ripples for experimental confirmation of a possible lack of capacity of the
filtering capacitor, the function of which is performed by MIEC, an external discrete capacitor with a
nominal value of 3300 pF is additionally connected. At the same time, the ripple decreased
significantly and the output voltage took on a constant waveform (figure 8).
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Figure 8. Oscillogram of the output voltage with additional capacitance.

4. Analysis of the received data

In the course of laboratory studies, the performance of the developed computer model of the DC
voltage step-up converter was confirmed. The difference between the obtained graph of the output
voltage of the computer model and the oscillogram of the output voltage of the laboratory sample was
3V.

The obvious problem is the lack of capacity of the filtering capacitor, the function of which is
performed by the MIEC. However, in order to increase the capacity, it is necessary to increase the
length or width of the plates, which will lead to an increase in the mass and dimensions of the system.
Research is possible aimed at changing the control algorithm of the power part of the system in order
to ensure greater pumping of the inductor and, as a consequence, a smoother form of the output
voltage.
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