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MNpBa MefyHapozHa koHdepeHumja ETVIMA
First International Conference ETIMA

PREFACE

The Faculty of Electrical Engineering at University Goce Delcev (UGD), has organized the
International Conference Electrical Engineering, Informatics, Machinery and Automation -
Technical Sciences applied in Economy, Education and Industry-ETIMA.

ETIMA has a goal to gather the scientists, professors, experts and professionals from the field of
technical sciences in one place as a forum for exchange of ideas, to strengthen the multidisciplinary
research and cooperation and to promote the achievements of technology and its impact on every aspect
of living. We hope that this conference will continue to be a venue for presenting the latest research
results and developments on the field of technology.

Conference ETIMA was held as online conference where contributed more than sixty colleagues, from
six different countries with forty papers.

We would like to express our gratitude to all the colleagues, who contributed to the success of
ETIMA’21 by presenting the results of their current research activities and by launching the new ideas
through many fruitful discussions.

We invite you and your colleagues also to attend ETIMA Conference in the future. One should believe
that next time we will have opportunity to meet each other and exchange ideas, scientific knowledge
and useful information in direct contact, as well as to enjoy the social events together.

The Organizing Committee of the Conference
IIPE/ITOBOP

Merynapoanata konpeperuuja Enexmpomexnuxa, Texnonozuja, Hngpopmamuxa, Mawuncmeo u
Aemomamuxa-mexHuuKu HAyKu 60 ciyxycoa na ekonomuja, oopazoseanue u unoycmpuja-ETHMA e
opraHu3MpaHa oJi cTpaHa Ha ENeKTpOoTeXHUUKHUOT paKkynTeT npu YHuBep3uteToT [ome Jemues.
ETUMA wuma 3a men ma ru cobepe Ha €IHO MECTO HAYYHHUIUTE, Mpodecopute, eKCHEepTUTE H
npodeCHOHAIIINTE O] MTOJIETO Ha TEXHUYKUTE HAYKH U Ja IIpeJicTaByBa (OopyM 3a pa3MeHa Ha UJCH, a
IO 3ajKaHyBa MyJITHIUCIUIUTHHAPHOTO HCTPAXKYBamkhe U cOpadOTKa U J1a TH POMOBHPA TEXHOJIOIIKUTE
JNOCTUTHYBamba M HUBHOTO BJIMjaHHE BpP3 CEKOj aclekT of kuBeewmeTo. Ce HazeBaMe JeKa OBaa
KoH(epeHIIMja ke TPOJOJDKU Ja OMJe HACTaH Ha KOj Ke Ce Mpe3cHTHpaaT HajHOBUTE PE3YJITaTH O]
UCTpaXyBamaTa U pa3BojoT Ha IIOJIETO HAa TEXHOJIOTHjaTa.

Kondepennujata ETUMA ce onpika online u Ha Hea Jjajioa CBOj JOIMPHUHOC MOBEKE OJ1 IIEECET aBTOPH
O]l IIECT PA3IIMYHK 3eMjU CO YETUPHECET TPYIA.

Cakame 512 ja nckakeMe Hamiata OJaroJapHOCT O CHUTE KOJIETM KOHM JOIpHHEcOoa 3a YCIEXOT Ha
ETHMA’21 co npe3eHTHpame Ha pe3yaTaTH O] HUBHUTE TEKOBHU HCTPaXKyBama U CO JAHCHPAme Ha
HOBH HJIEU NPEKY MHOTY IJIOJHHU TUCKYCHH.

Be nokanyBame Bue u Bammte xonern na 3emere ydectBo Ha ETVIMA u Bo mnanna. BepyBame nmexa
CIEIHHOT MaT K& UMaMe MOXHOCT Ja C€ CpeTHeMe, Ja pa3MEHUME HUJEH, 3HACHE U KOPHUCHU

I/IH(l)OpMaIH/II/I BO IUPEKTCH KOHTAKT, HO UCTO TaKa Ja Y)KMBaM€ 3a€IHO U BO APYIITBCHUTC HACTaHU.

Opeanuzayuonen 0060p Ha KoOHepeHyujama
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FREQUENCY SINUS SOURCE

Goce Stefanov?!, Vasilija Sarac?
Faculty of Electrical Engenering University Goce Delcev Stip R.Macedonia, goce.stefanov@ugd.edu.mk
2Faculty of Electrical Engenering University Goce Delcev Stip R.Macedonia, vasilija.sarac@ugd.edu.mk

Abstract

In the paper are presented the results of a practically realized on variable frequency sinus source. This source
generated sinusoidal voltage with amplitude from 0 to 220 V and frequency from 0 to 100 Hz. The solution is
based on EG8010 integrated circuit and driver circuit IR2010s. Control electronics operate IGBT transistors in
the topology of full bridge. The operation of the circuit is verified with oscillograms and data obtained from
measurements of the practically realized prototype.

Key words
PWM signal, frequency, sinus.

1. Introduction

The electronics converters used to control in power actuators (motors, heating devices) at the
output generate voltage and current with a square waveform or waveform which in the first
approximation is a modified sine wave. Therefore, there is a harmonic distortion of the output
voltages and currents at these power sources. This causes a reduction in the power factor and
the efficiency of the source [1]. One of the main tasks of electronics that deals with this issue
is the design of electronic components and devices that will provide a sine wave form of the
output voltage and current of the power source.

On the other hand electronic devices that control converters that drive induction motors, need
to provide a variable frequency waveform. This is in line with the requirement for the induction
motors to run at a constant torque, ie the operation of the motor at a constant torque requires
the V/f ratio to be constant.

A sinusoidal wave source is also required and for laboratory research.

Development of the electronic components and devices for power source is based on the
development of microelectronics circuits [2]. There are mainly two directions of development
of integrated circuits that are used in the power electronics. On one side are microcomputers
[3]. [4], [5], and on the other side are typical integrated circuits designed for special purposes
[6], [7]. Microcomputers are intelligent electronic component which have a number of
advantages over discrete electronic components. Their main advantage is the packing density
of the chip itself. It is the result of the development of microelectronics and enables over one
million discrete electronic elements to be embedded on a surface of 1 cm? Their second
advantage, which distinguishes them from discrete electronic components, is their application
flexibility [3], [4], [5]. The latter implies the ability to run different applications with the same
network hardware, and with software changes. But on the other hand, the design of electronic
circuits with a microcomputer requires knowledge of appropriate software and in the
development of the product converter it is necessary to include more specialists who know the
hardware, software and related knowledge to the topologists of the converters.

62



Unlike from design of the converters based of microcomputer, design based of special circuit
requires reduced knowledge of hardware, software, and only a good knowledge of converter
topology is enough to make a successful converter product [6], [7]. Clearly, which approach
will are choose in the design of the converter depends on its nominal power. But for small and
medium power up to 5kW, it can be said that the design of a converter with special circuits is
more economically justified.
Therefore in this paper we want to verify the possibility of using an sinus source based on
special circuit that, in variable frequency and amplitude conditions, gives optimal results
comparable to a normal inverter system, with the difference that this system uses a low-cost
microcontroller. Indeed, the purpose is to evaluate the degree of precision that can be achieved
by using this integrated solution. Frequent sine source is based on SPWM technique and
SPWM signal.
Guided by the main goal of the paper, implementation of the special integrated circuit in
generating SPWM (sine pulse wave modulation) signals and realization of the converter with
power driver, here will be explained the functioning of these three interconnected parts, ie.
SPWM, integrated circuit and power driver.
In the Fig. 1 is shown a block diagram on 1-phase motor which is controlled by special integral
circuit.

1-phase motor

+ "

pcunk | | Driver 2

o

i) i SPWM { fedback and protection
special IC |<:=. A O
-undenvoltage
-phase fault

Fig. 1. Block diagram on 3-phase motor controlled by microcontroller.

SPWM signal which is a width modulated signal but with certain values on such a way that we
could create a sine shape wave at the output. This with used on MOSFET or IGBT transistors
could result in a sine wave inverter.

It is generally known that PWM signal is pulse width modulation. That means we modulate the
width of a square signal and by that we could control power. But, this width in case of normal
PWM is always the same. In case of SPWM or sinusoidal pulse width modulation, the width
of the signal is increasing and decreasing and my that simulating the curve of the sine wave.
With small width pulse, the output will increase a little bit and that represents the zone after
the O cross of the sine wave. Then with bigger widths, the output is getting bigger and bigger
and then it starts to get lower, just as a sine wave. Using two transistors switching, can could
get both the positive and negative sides of the sine wave, Fig. 2.

Ve
Vs

Fig. 2. Construction of SPWM signal.

In the Fig. 3 below can see a bit better how the width of the SPWM can create a good sinusoidal
shape at the output. Will use Integral Circuit to generate this SPWM signal. We apply this
signal to the power driver. These will be connected to the motor. In the Fig. 3 is shown SPWM
signal and the current and voltage waveforms of the motor.
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PWM Output Load Load
Voltage Current Voltage

400

T
;

0s Joms 20ms 30ms 40ms 50ms
oS0 V(L1:1,VOUT-) WVIV5:+ V5:-)
Time

Fig. 3. SPWM signal and the current and voltage waveforms of the motor.

2. Characteristics of the EG 8010 Special Integral Circuit

This Integral Circuit allows to obtain the pure sine wave at 50/60 Hz with high precision and
low harmonic distortion. It is also an external 12MHz crystal oscillator that allows you to adjust
the system clock. Lastly there is a sinusoidal SPWM generator. We report below the block
diagram and the electrical characteristics of the Integral Circuit. In the Fig. 4 is shown block
diagram on this circuit. This circuit can operation in unipolar and bipolar mod. With unipolar
modulation operation, only one of the two bridges (SPWMOUT3 and SPWMOQOUT4) will be
used for the output modulated in SPWM, the other bridge will be used instead for the
fundamental output (SPWMOUT1, SPWMOUT?2). From the circuit point of view there will be
an inductor and a capacitor, to create an LC filter, connected to the output port of the SPWM
and there will also be a voltage feedback circuit connected to the output of the inductor.

17

Y
13 |
14 |1 : Feedba
15t W= Proce w 27
ll:': t -
» 28
; SPIM

10 | w29
. 05C i » 20

- >
v W 5
5 T« 12832 LCD b 53
.;'“ y dul ot St
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Fig. 4. Block diagram on EG 8010 circuit.
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EG 8010 can ensure that the source (converter) operates in mode on variable output voltage
and constant frequency, in mode on constant voltage and variable frequency and in mode on
variable voltage and variable frequency. The first and second mode is used for AC voltage
consumers and the third for AC motor speed regulation. In the Fig.5 is shown the physical
appearance of the electronic board EG002 where they are embedded IC EG8010 and driver
IRF2110. In the Fig. 6 is shown electrical circuit on the electronic board with build IC EG8010
and driver IRF2110.
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Fig. 5. Electronic board EGS002 with build IC EG8010 and driver IRF2110.
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Fig. 6. Electrical circuit on the board EG002 with build IC EG8010 and driver IRF2110.
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In this paper, a converter design based on EG 8010 in mode on constant voltage and variable
frequency is made. In the Fig. 7 is shown electrical connected circuit where EG8010 operates
as a source frequency controller.
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Fig. 7. Electrical connected circuit where EG8010 operates as a source frequency controller.

EG8010 has two frequency modes: constant frequency mode and adjustable frequency mode.
In adjustable frequency mode, EG8010 only uses unipolar modulation, and pin (20)MODSEL
has to connect to low level. Pins FRQSEL1 and FRQSELDO set the frequency mode. In constant
frequency mode, “00” outputs S0Hz frequency and “01” outputs 60Hz frequency. FRQADJ
has no function in constant mode. Pin (16) is used as VFB2 voltage feedback circuit under
bipolar modulation. In adjustable frequency mode, “10” outputs frequency in range of 0-100Hz
and “11” outputs frequency in range of 0-400Hz. Pin FRQADJ adjusts the frequency as shown
in figure 8.6a. Pin FRQADIJ’s voltage varies from 0-5V, which is corresponding to the
fundamental wave output frequency from 0-100Hz or 0-400Hz. This function accompanies
with pin VVVVF can be used in the single phase frequency transformer system.

3. Experimental results

The operation of the EG8010 circuit is experimentally illustrated in the mode of constant
voltage and variable frequency. For this purpose the corresponding pins of the EG 8010 are set
as follows: for source with 100Hz variable frequency pins FRQSEL1,FRQSEL0=10, or for
source with 400 Hz variable frequency pins FRQSEL1,FRQSEL0=11, and pin VVVF is setting
in logical 0. Variable frequency from 0 to 100 Hz (or O to 400 Hz) is setting with resistor
connected to pin 16 on EG8010 shown in Fig. 7. AC output voltage is adjusted by the feedback
resistor R23.

To illustrate the mode of constant voltage and variable frequency, a prototype of a frequency
sine source was designed and practically realized. In the Fig. 8 is shown the prototype in the
manufacturing phase and Fig. 8 b is shows the finished device.

Fig. 8. Prototype of practically realized a frequency sine source: a.) in the manufacturing phase, b.)
finished device.
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In the Fig. 10a is shown PWM waveform on the output SPWMOUT3 and SPWMOQOUT4 on
EG 8010.

Fig. 10. PWM waveform on the output SPWMOUT3 and SPWMOUT4 horizontal is 4 ms/div and
vertical is 5 V/div.

From Fig. 10 are see that the pulse on output SPWMOUT3 and SPWMOUT3 are phase shifted
for 180. It provides orthogonal switching of IGBT transistors in one half bridge.

For verification of the work of the realized frequency sine source, are made oscillograms which
are shown in the Fig. 9.
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e.)

Fig. 9. Oscillograms from the work of the frequency sine source: a.) 3 Hz, horizontal div is 200 ms,
b.) 16 Hz, horizontal div is 20 ms, c.) 25 Hz, horizontal div is 8 ms, d.) 44 Hz, horizontal div is 8 ms,
e.) 69 Hz, horizontal div is 8 ms, f.) 100 Hz, horizontal div is 8 ms.

From Fig. 9 it can be seen that all oscillograms have a sine waveform, the vertical base is
100V/div and the sine wave amplitude is 300 V. The oscillograms in Fig. 9 are made when
EG8010 works like source with 100Hz variable frequency and pins FRQSEL1,FRQSEL0=10.
In the Fig 10 are shown the oscilograms when EG8010 works like source with 400Hz variable
frequency and pins FRQSEL1,FRQSELO0=11.

W, @

c.)
Fig. 10. Oscillograms from the work of the frequency sine source: a.) 135 Hz, horizontal div is 2 ms,
b.) 217 Hz, horizontal div is 2 ms, c.) 305 Hz, horizontal div is 2 ms.
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Conclusions

The paper analyzes the application of a special integrated circuit which controlling inverter to
generate sine voltage. The characteristics of the circuit are given and the advantages of its
application in relation to the inverters controlled by microcomputer are emphasized. Designed
and experimentally is realized prototype on frequency sine source controlling by this circuit.
The results of the work of the prototype confirmed by the oscillograms, show that the realized
frequency sine source generates voltage with sine waveform with variable frequency and
constant amplitude.
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