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Abstract. The main part of scientific research is the results of the experiment,
because they make it possible to establish the existing dependencies of the course of
processes on a real object, confirm theoretical calculations and a mathematical model of
an electrothermal-mechanical system. The work is devoted to the issue of experimental
research of power supplies for measuring and recording equipment. According to the
purpose, a technique was proposed by which experimental studies of the presence of
pulses, noise and fluctuations in the output voltage of pulse and transformer power
supplies were carried out. The influence of the deviation of the output voltage on the
fluctuations of the voltage readings on the measuring and recording equipment has been
investigated. Based on the results of experimental studies of power supplies, the proposed
technique can be taken as a basis for selecting power supplies in accordance with the
requirements for the required accuracy of reading indicators from the measuring
equipment in accordance with their accuracy class, within the total error permissible for
this type of experiment. A power source for measuring and recording equipment was
selected for experimental studies of an electrothermal-mechanical system to intensify the
process of methane formation in a biogas reactor in order to determine as accurately as
possible the energy costs for biogas production, due to the fact that the process of
producing biogas is long, therefore, a large error in determining energy costs affects an
increase in actual energy costs in production in relation to the calculated and
experimental data. The practical value of the work lies in the fact that the use of power
supplies with a lower ripple of the output voltage in experiments will reduce the
processing time of the obtained data arrays, increase the efficiency of the experiment and
the accuracy of the revealed dependencies. The methodology presented in the work also
makes it possible to more efficiently use financial resources for the purchase of devices in
the preparation and conduct of scientific and experimental research.
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Introduction. The experiment is the main part of scientific research which is based

on scientific research with the most accurate registration of conditions and parameters. It is
39


mailto:spmisha@ukr.net

"Enepzemuka i aemomamuxa'’, Ned, 2021 p.

the results of the experiment that allow us to establish the existing dependencies of certain
processes on a real object. To save time and resources, experimental research must be
implemented in such a way as to obtain highly accurate data for a minimum number of
experiments. Which will be used in the future for practical and theoretical purposes.

The reliability of the experimental results depends on the correctness of the
development of the methodology of the experiment, the choice of high-precision
measuring and recording equipment and its location on the experimental setup. Since most
existing measuring and recording equipment requires a 5, 12 and 24 volt DC power
supply, the choice of power supply for high-precision measuring and recording equipment
Is an important role in preparing for the experiment and obtaining reliable results.

Analysis of recent research and publications. There are a huge number of power
supplies that can be used for experimental research. However, it is known that any power
source creates electromagnetic interference and oscillations [1-3], the smaller these
oscillations, the more accurate the results of experimental studies. During experimental
studies of transient processes, rechargeable batteries are used in combination with linear
output voltage stabilizers [4]. However, with a long process of research there is a need to
recharge the battery.

Recently, in the construction of automatic control systems and experimental studies
have become the most common switching power supplies, which in comparison with the
transformer have smaller dimensions and weight, greater efficiency and greater scope [5,
6].

Switching power supplies work on the principle of conversion of high-frequency
pulses, this creates additional interference in the output voltage values, which require
additional measures to neutralize interference (low and high frequency filters) [3, 6].
However, the removal of interference by filtration can make an additional error in the
experimental study. The expediency of neutralization depends on the magnitude of the
output voltage fluctuations, so the choice of power supply measuring and recording
equipment for experimental research is one of the main conditions for obtaining highly

accurate and scientifically-practical valuable results.
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Purpose. Selection of power supply for measuring and recording equipment for
experimental studies of the electrothermal system for intensification of the methane
formation process in a biogas reactor.

Materials and methods. The experimental study compared the following power
supplies: switching laboratory power supply PeakTech 6225A, switching power supply for
household appliances ATX-300, transformer power supply with linear voltage stabilization
which acts as a regulator 142EN5A with a fixed output voltage of 5 V and stabilization
error 0.05%. The units are powered by a single-phase AC network, and at the output give a
constant voltage of 5 V. During the research, the voltage of the single-phase network was
measured using a PeakTech 2005 multimeter.

Measuring equipment has digital or analog signals, so they are used in combination
with microprocessor devices and personal computers. During experimental studies, for
greater information on the effect of power supply noise on the readings of measuring
sensors, it was decided to use an analog-to-digital converter.

To date, in the market of microcontrollers intended for general use, three types have
become popular: PIC, AVR and STM [7, 8]. AVR microcontrollers have become the most
widespread thanks to Arduino programming platforms, which are based on AVR
microcontrollers. To study the power sources, we used an Arduino Nano V 3.0 board,
which is based on the AVR family of microcontrollers — Atmega328, which contains a 10-
bit analog-to-digital converter (ADC).

The ADC resolution is calculated by the formula:

U.
=or o
where U, — rated maximum input voltage of the ADC, V; n — bit ADC.

h

10-bit ADC resolution Arduino Nano V 3.0 h=00049 B. The schematic diagram

according to which was the study of power supplies shown in Fig. 1.

41



"Enepzemuka i aemomamuxa'’, Ned, 2021 p.

A N
T ~220 V 50 Hz T 1 Fig. 1. Schematic diagram of the study
- of power supplies:
+5V GND ..
5 1 — power supply; 2 — resistive voltage
R1 R2 divider; 3 — microcontroller Arduino Nano
{1 1¢ :
10k 10k V 3.0; 4 — notebook HP EliteBook 8440p; R1,
3 R2 - constant resistors 10 kOm, 0,25 W,
Vi Al GND 1 . i
Datas  Data +0,1%; Al — input of analog-to-digital
4 converter of the microcontroller Arduino Nano
uss 1 V 3.0.

The study was performed as follows. The power supply (1) was connected to a
single-phase AC source, to the output of the power supply (5 V) was connected a resistive
voltage divider built on 10 kOm constant resistors (2), which acts as a static measuring

sensor. The initial value of the rated voltage (U, ) from the resistive divider is calculated

by the formula:

U, =% .y, )
R1+R2

where U, —input voltage, U, =5V ; R, R, —constant resistors, R, =R, =10 kOm.

10
“10+10

The voltage drop across the resistive divider was measured using an analog-to-digital

-5=25V.

converter microcontroller Arduino Nano V 3.0 (3). Information from the ADC via USB,
using the Arduino IDE program was displayed on the monitor of the laptop HP EliteBook
8440p (4). The study time for each power supply is 1000 milliseconds. The frequency of
the ADC output poll is 6.67 ms.

Results and discussion. The results of experimental studies of the switching power

supply for household appliances ATX-300 are shown in Fig. 2.
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Fig. 2. Fluctuations of voltage readings on the resistive divider when powering the

latter from the switching power supply ATX-300

Analyzing the graphical dependence (Fig. 2), it is noticeable that the measured ADC
voltage drop on the resistive divider has a pulsating character throughout the study, with a
peak amplitude of 0.06 V.

The average value of the measured voltage per 1000 milliseconds is 2.49669 V,
which is 0.132% less than the rated voltage. The number of measured values of rated
voltage (U, =2.5V ) for the study period (1000 ms) is 28.67% of the total number of

measurements. In this case, the maximum sequence of measuring the value (U, =2.5V ) is

13.34 ms.

The results of experimental studies of the transformer power supply with linear
voltage stabilization are shown in Fig. 3.
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Fig. 3. Fluctuations of voltage readings on the resistive divider when powering the

latter from the transformer power supply with linear voltage stabilization
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In fig. 3 it is noticeable that using as a power supply transformer unit with linear
voltage stabilization, the output signal from the resistive divider has a pulse character with
a peak pulse range of 0.0093 V. During the study time (1000 ms) is clearly expressed

accumulation of pulses in the area below (U, =2.5V) and no areas with stable output

voltage, the maximum sequence of nominal voltage measurement on the resistive divider

(U, =25V) is 20 ms. The average value of the measured voltage is 2.49845 V/, which is
0.062% less than the rated voltage. The number of measured voltage values (U, =2.5V)

for the study period is 44.67% of the total number of measurements.

The results of experimental studies of the pulsed laboratory power supply PeakTech
6225A are shown in Fig. 4.
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Fig. 4. Fluctuations of voltage readings on the resistive divider when powering the

latter from the pulsed laboratory power supply PeakTech 6225A

From the graphical dependence (Fig. 4) it is noticeable that when using a switching
laboratory power supply, the output voltage from the resistive divider has a pulsed nature

with areas with stable voltage (Un =25 V). Peak pulse range 0.0093 V. The average value

of the measured voltage is 2.49996 V, which is 0.0016% less than the rated voltage
(U, =2.5V). The number of measured voltage values (U, =2.5V ) for the entire study

period (1000 ms) is 66% of the total number of measurements. In this case, the maximum
sequence of measurements (U, =2.5V ) is 66.7 ms.
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During the research, the authors found that the use of the pulse unit ATX-300 to
power the measuring and recording equipment in experimental studies, due to large ripples

(Fig. 2), a low number of measured values of rated voltage (Un =25 V) — 28.67% and the

absence of areas of stable output voltage, will not provide reliable results and significantly
reduce the quality of the obtained array of experimental data.
The transformer power supply unit with linear voltage stabilization has a high

frequency of pulses of the measured voltage below the value (Un =25 V) (Fig. 3), as well

as a small sequence of nominal voltage measurements lasting a maximum of 20 ms (Fig.
3), this will lead to distortion of the results, which in turn will reduce the accuracy of the
dependences and data sets obtained during the experiment.

According to the experimentally obtained graphical dependences of voltage
fluctuations on the resistive divider using the power supply PeakTech 6225A (Fig. 4) in
comparison with the switching unit for household appliances ATX-300 (Fig. 2) and
transformer power supply with linear voltage stabilization (Fig. 3) will provide a small
measurement error, and therefore high reliability and informativeness of the data sets
obtained during the experiments and information about the existing dependencies of the
object.

Transformer power supplies with linear voltage stabilization to reduce the pulsations
of the latter require the installation of additional means of filtration. Due to various
additional means of filtration, it is possible to reduce the level of pulsation of power
supplies, thereby increasing the accuracy of the supply voltage of measuring and recording
equipment [6]. However, the selection and establishment of the effectiveness of a
particular filter for each object requires a number of experimental studies.

Conclusions. An experimental study of the power supply of the measuring and
recording equipment connected to the analog-to-digital converter showed that the use of
the PeakTech 6225A power supply will provide a small deviation of the supply voltage,
and therefore high reliability of the data obtained during the experiment. The method
according to which experimental researches of presence of impulses and fluctuations of

output voltage of pulse and transformer power supplies are carried out is offered.
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The practical value of the results obtained in this work is that the use in experimental
studies of power supplies with lower output voltage ripple will reduce the time of software
processing of the obtained data sets, increase the efficiency of the experiment and the
accuracy of the dependences. The methodology presented in the paper also makes it
possible to more rationally use financial resources for the purchase of devices in the
preparation and conduct of scientific and experimental research.
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JUKEPEJIO KUBJIEHHSA BUMIPIOBAJIBHUX JATYHUKIB ITPU
BUKOHAHHI EKCITEPUMEHTAJIBHUX JOCJIII)KEHb
EJIJEKTPOTEIVIOMEXAHIYHOI CACTEMHA

M. M. 3abaoocoxuit, M. O. Cnoooba

AHoTaWiss. [0106HON  YACMUHOINO  HAYKOBUX  OOCHIOMNCEHb €  pe3yibmamu
eKCnepumMenmy, addice 60HU 003B80JISII0Mb 6CIMAHOBUMU ICHYIOYI 3ANeHCHOCIE NPOMIKAHHS
npoyecié Ha pearbHOMy 00 °€kmi, NiOMEepONCYIOMb MeoOpemuyti pPo3PaxyHKu ma
MamemMamuyny Mooelb eleKmpomeniomexaniunoi cucmemu. Poboma npucesuena
NUMAHHIO eKCNePUMEHMANbHO20 OO0CHIONCEeHHs ONOKI68 JHCUBIEHHS Ol BUMIPHOBANIbHO-
peecmpyrouo20 0o1aoHaHHsa. Bionosiono 0o memu, 6y10 3anponoHOBAHO MemoOuxy, 3a
SAKOI0 NPOBEOEHO eKCNePUMEHMANbHI OOCTIONCEHHS HASABHOCMI IMNYIbCIB, WYyMIi6 ma
KOMUBAHb BUXIOHOI Hanpyeu IMNYIbCHUX Ma MPAHCHOPMAMOPHUX ONOKI8 HCUBNEHHAL.
Jocniooceno ennue 8ioxuneHHs GUXIOHOI HaAnpy2u Ha KOAUBAHHS NOKA3I8 HANpYeU Ha
BUMIPIOBATILHO-PEECMPYBANLHOMY O00JAOHAHHI. 3a pe3yibmamamu eKCnepuMeHmalbHUux
00Ci0JHCeHb DIIOKIB JHCUBNEHHS 3ANPONOHOBAHA MEMOOUKA MOJHCE NPULUMAMUCS 3A OCHOBY
0J151 ni0OOPY 0Xcepesl HCUBEHHSL 3A BUMO2AMU HeOOXIOHOT MOYHOCMI 3HAMMS NOKA3HUKIG 3
BUMIPIOBATILHO20 O00JIAOHAHHS BIONOBIOHO 00 iX KIACY MOYHOCHMI 8 Meddcax CYMApHoi
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NOXUOKU O00nycmumoi 051 0aHo20 muny excnepumenmy. Bubpano Odicepeno icueénenms
BUMIPIOBATILHO-PEECMPYIOBANLHO20 00NAOHAHHS Ol eKCNePUMEHMAIbHUX O0CTIO0NHCEeHb
eJleKMpPOMeNIOMeXaniunoi cucmemu Onsa inmeHcugikayii npoyecy MemaHoymeopeHHs 8
0i02a3060My peakmopi 3 Memow MAKCUMAIbHO MOYHO20 BUSHAYEHHS eHepeemudHUxX
gumpam Ha eupobHuymeo 6iozaszy. Y 383Ky 3 mum, wo npoyec 6upobOieHus 6iozaszy
00820MpuBaIUll, MOMY 6elUKA NOXUOKA BU3HAYEHHS eHep2oGUMpPAam 6HIUBAE HA
30inbUWEHHS DAKMUYHUX eHep2o8UMPAMm HA BUPOOHUYMEI BIOHOCHO 00 PO3DAXYHKOBUX Mda
eKxcnepumenmanvuux oanux. Ilpaxmuuna yinwicme pobomu nonsieac 6 MmMomy, o
BUKOPUCMAHHA NPU eKCNEPUMEHMAX ONIOKI8 JHCUBNEHHS 3 MEHULON NYIbCAYIEr) BUXIOHOL
Hanpyeu O00360JUMb 3HU3UMU YAC O0OPOOKU OMPUMAHUX MACUBIE OAHUX, NIOGUWUMb
epexmuenicms excnepumenmy ma MOYHICMb BUsGIeHux 3anedcHocmeu. Haseoena y
pobomi Memoouka maxodic 0a€ MONCIUBICMb Oilbul PAYIOHAILHO BUKOPUCMOBYBAMU
Qinancosi pecypcu Ha npuodOaHHs Npuiaodie npu nid20mosyi ma NpoeedeHHi HAYKOBUX
eKCNepUMEHMANbHUX OOCAIONCEHD.

Kuwo4oBi cioBa: 010Kk Jcueienusa, imnyasc Hanpyzu, MmMOYHICMb, HAYKOGL
oocnioxcenns, ekcnepumenm, PeakTech

NUCTOYHUK IUMTAHUA UBMEPUTEJIbHBIX JTATUUKOB IIPU
BBIIIOJIHEHUHY DKCIIEPUMEHTAJIBHBIX UCCJIEJIOBAHUN
YIEKTPOTEINIOMEXAHUYECKOUW CUCTEMBI

H. H. 3a6no00ckuii, M. A. Cnoooba

AHHOTANUsA. [1a6HOU 4ACMbIO HAYYHLIX UCCIEO08AHUL SGTSAIOMCSA  Pe3yabmanbl
IKCNEPUMEHMA, NOCKOJILKY OHU NO36805I0NM YCMAHOSUMb CYWECMEYouue 3a8UCUMOCmu
NPOMEKAHUsL NPOYeCcco8 HA PealbHOM 00beKkme, NOOMEEPHCOAIOm MmeopemuiecKue
pacuemol U MAMeMAmMu4ecKyro Mooeb deKmpomeniomexanuyeckol cucmemnl. Paboma
NOCBUWEeHA  BONPOCY  IKCNEPUMEHMANIbLHO20 —UCCAe008aHUsl OJIOKO8 Numanusi Ons
uzmepumenvHo-pecucmpupyioweco o0oopyoosanus. CoomeemcmeenHo ¢ yeivio Oblia
npeonodceHa MemoouKkda, no KOMoOpou NpPo8eoeHbl IKCHNEPUMEHMANIbHbIE UCCIe00B8AHUS.
HAMUYUSL UMRYTILCO8, UYMO8 U KOJIeOAHUL BbIXOOHO20 HANPANCEHUSL UMNYIbCHLIX U
mpancghopmamopHuix 010Kk06 numarnus. Mcciedosano 6nusiHue OMKIOHEHUS. 8bIXOOHO20
HanpsidiceHusi  Ha — KoneOamusi — NOKA3AHUL — HANPSJCEHUs.  HA — UBMEepUmenbHo-
peaucmpupyiowem obopyoosanuu. ITlo pezyromamam 3KCnepUMeHmMalbHbIX UCCAE008AHULL
OJI0K08 NUMAHUSL NPEOTIONCEHA MEMOOUKA, KOMOPAsL MONCEM NPUHUMAMBCIL 34 OCHOBY OJis
noobopa UCMOYHUKO8 NUMAHUSL CO2TIACHO MPeDOBAHUAM HEOOX0OUMOU MOYHOCTU CHAMUSL
noxkazamenei ¢ UMepPuUmenbHo20 000py0068aAHUs 6 COOMBEMCMEUU ¢ UX KIACCOM
MOYHOCMU 8 Npeoeiax CYMMAPHOU NOSPEuHOCU, OONYCMUMOU Ol OAHHO20 MUund
aKcnepumenma. Buibpan — ucmounux  numanus  uzMepUMeENbHO-PeSUCMPUPYIOULe2O0
000py008anusi Ol IKCNEPUMEHMANbHBIX UCCIe008AHUL  IeKMPOMENniIoMexXanuyecKou
cucmemvl OJisl UHMEHCUPUKAYUU NPOUeCcca Memano0opaz08anus 8 buoeaz080M peaxkmope
C Yelbi0 MAKCUMATILHO MOYHO20 ONpeOeselsl SHep2emudecKux 3ampanm Ha npou3800Ccmeo
buoeaza. B ceszu ¢ mem, umo npoyecc 8vipabomku 0Ou02aza ONUMETbHbIL, NOIMOM)
OOMbUWAS  NOZPEUHOCbL  ONpedeieHUs  dHep203ampam  Glusem Ha — yeeiudeHue
Gaxmuueckux dHepeozampam HA NPOU3BOOCMBE COOMBEMCMBEHHO K PACYEMHbLIM U
IKCNEPUMEHMATbHLIM OaHHbIM. TIpakmuyueckas yenHoCcms pabomvl cCOCMOUmM 8 Mmom, 4mo
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UCNONIL308AHUE NPU IKCHEPUMEHMAX OJIOKO8 NUMAHUSL C MeHbUel NYabcayuell 8bIX00H020
HAanpsdiCceHusi NO360JUM CHU3UMb B8peMs 00paboOmKU NOJYHYEHHbIX MACCUBO8 OAHHbIX,
nosvicum 39¢)gekmusHocms IKCNEPUMEHMA U MOYHOCMb BbIAGIEHHLIX 3A8UCUMOCHIEU.
Ilpuseodennas 6 pabome memoouxa maxxice O0aem GO3IMONCHOCHb 0Oojlee PAYUOHATLHO
UcnovL308ams (QUHAHCOBbIE pecypcbl HA npuobpemenue NpubOpo8 npu noo2omosKe U
NnpoBedeHUU HAYYHBIX IKCNEPUMEHMATLHBIX UCCIE008AHU.

KiioueBble cji0Ba: 0710k numaHnus, UMRYIbC HANPANCEHUA, MOYHOCHb, HAYYHDbLE
uccineoosanus, Ixkcnepumenm, PeakTech
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