DAYS OF THE SCIENCE of the Technical University of Sofia, SOZOPOL 2025
AHU HA HAYKATA Ha TexHu4yecku yHueepcumem — Cogpusi, CO30/l10J1 2025
HAHU HAYKU TexHu4yeckoz20 yHusepcumema — Coghusi, CO30/l10J1b 2025

35" INTERNATIONAL SCIENTIFIC SYMPOSIUM
XXXV MEXKIYHAPOJEH HAYYEH CUMIIO3UYM
XXXV MEXIYHAPOJHBIA HAYYHBIA CUMIIO3NYM

METROLOGY AND METROLOGY
ASSURANCE 2025

METPOJIOT'UA U METPOJOI'NYHO
OCHUI'YPABAHE 2025

METPOJIOTUA U METPOJIOI'HYECKOE
OBECIIEYEHMUE 2025

PROGRAMME
IIPOI' PAMA
ITPOI'PAMMA

September 7 —11, 2025, Sozopol, Bulgaria
7 —11 CentemBpu 2025 r., Cozonoa, brarapus

7 —11 CenTsaops 2025 r., Cozonoib, boarapus
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PROGRAMME / NPOrPAMA / NPOrPAMMA

10:00 - 13:00
REGISTRATION / PETMCTPALMA HotelLobby | g 5025
or On-line 14:00 - 17:00
OPENING / OTKPUBAHE / OTKPbITUE Hall/3ana/3an1 | 8.09.2025| 10:00 - 10:30
10:30-11:15
11:30 - 12:30
13:30 - 14:30
8.09.2025
14:45 — 16:00
16:15-17:15
17:30 - 18:45
PAPERS AND SCIENCE NOTES
09:00 - 10:15
AOKNAQM M HAYYHM CbOBLUEHUA Hall/3ana/3an 1
10:30 — 12:30
AOKNAZBI U HAYYHBIE COOBLLEHUA 13:00 — 14:15
9.09.2025
14:30 — 15:30
15:45 - 16:45
17:00 — 18:00
09:00 — 10:15
10.09.2025
10:30 - 11:30
ROUND TABLE “DIGITALIZATION IN METROLOGY”
KPBIIA MACA “OUrMTANN3ALMA B o
METPOSIOTATAY Hall/3ana/3an2 | 9.09.2025 | 10:00 - 12:30
KPYT /bl CTO/ “LIMOPOBM3ALMSA B METPO/IOMMW”
WELCOME / [IOGPE AOLLUNM / LOEPO MOMA/OBATb 8.09.2025 19:30
COCKTAIL / KOKTEWN / KOKTEWUb 9.09.2025 19:30
CLOSING / 3AKPUBAHE / 3AKPBITHUE Hall/3ana/3an 1 | 10.09.2025 12:00
DEPARTURE / OTITbTYBAHE / OTbE3f, 11.09.2025




7 September / Centemepu / CeHTabpa 2025 (Sunday / Hepens / BockeceHue)

10:00-13:00

Registration / Perucrpauus

14:00-17:00

Registration / Perucrpayus

8 September / Centemspu / CeHTabpa 2025 (Monday / MoHegenHuuk / NMoHeaenbHUK)

10:00 -10:30 Opening / OtkpusaHe / OTKpbITHE
10:30-11:15 Plenary Session / MneHapHo 3aceganue / NneHapHoe 3acegaHue
11:15-11:30 Coffee break / Kage nay3a / Kode nepepbis
Section / Cekumsa |
General Aspects of Metrology. Measurement Methods.
Unity and Accuracy of Measurements
11:30-12:30 06w acneKkTn Ha meTpoaoruaTa. MeToam Ha smepBaHe.
EAMHCTBO M TOYHOCT Ha M3MepPBaHUATA
Obuwue acnekTbl MeTpoaornn. Metoabl U3MepeHus.
EAMHCTBO M TOYHOCTb U3MEPEHNIA
12:30-13:30 Free time / CBo6oaHo Bpeme / CBob6ogHOe Bpems
13:30-14:30 Section / Cekumsa I: CONTINUES / NPOABMKEHUE / MPOAOIKEHUNE
14:30 - 14:45 Coffee break / Kade naysa / Kode nepepbis
Section / Cekuus I
14:45 — 16:00 Measurement and Information Systems and Technologies
N3mepBaHUA U MHGOPMALIMOHHN CUCTEMM U TEXHOIOMUN
N3mepuTtenbHble U MHGOPMaLMOHHbIE CUCTEMbI U TEXHONOTUU
16:00 - 16:15 Coffee break / Kade naysa / Kode nepepbis
16:15-17:15 Section / Cekuma lll: CONTINUES / NTPOAB/IKEHWUE / MPOAO/THKEHUNE
Section / Cekuua VI
17:15- 18:45 Measurements in the Electrical Power Engineering
N3mepBaHMA B eNleKTpoeHepreTnkata
N3mepeHuna B 3/1eKTPOIHEPreTUKe
19:30 Welcome / fo6pe gownn / Jo6bpo noxanosaTtb

9 September / Centemspu / CeHTabpa 2025 (Tuesday / BropHuK / BTOpHUK)




10:00-12:30

Round Table / Kpbrna maca / Kpyrabiii cton

Digitalization in Metrology
Ourntanusaums B meTposioraTta
Lndposusauns B8 MeTpoaornm

in Parallel in Hall 2 / mapanento B 3ana 2 / mapatensHo B 3aie 2

9 September / Centemepu / CeHTabpa 2025 (Tuesday / BropHuK / BTOpHUK)

Section / Cekuua Il
Sensors, Transducers and Devices for Measurement of Physical Quantities

09:00 - 10:15
CeH3opu, NnpeobpasysaTtenun u ypeam 3a usmepsaHe Ha PU3INYHN BEUUNHU
CeHcopbl, NpeobpazoBaTenm U Npubopbl 41a U3MepeHna GU3UUYECKUX BENNYUH

10:15-10:30 Coffee break / Kade naysa / Kode nepepbis

Section / Cekumsa XI

Quality Management and Control, Standardization, Certification, Accreditation
10:30-12:30 YnpasneHue n KoHtpon Ha KauectsoTo, CtaHaapTtusauma, CeptuduKkaums,
AKkpeauTauma
YnpasneHue un KoHTponb Kauectsa, CtaHaapTmsaums, CeptuduKkaums, Akpegmrtauma

12:30-13:00 Free time / CBo6oaHo Bpeme / CBo6oaHOe Bpems

Section / Cekuyusa IV
13:00 — 14:15 Measurements in the Industry

M3mepBaHUA B HAYCTPUATA
N3mepeHna B NPOMBbILLIEHHOCTH

14:15-14:30 Coffee break / Kage nay3a / Kode nepepbis

Section / Cekuusa VIl

Metrology Practice
14:30 - 15:30 MeTponoruyHa MpaKkTuka
MeTtponorunyeckas lNpakTuka

15:30 - 15:45 Coffee break / Kage nay3a / Kode nepepbis
15:45 - 16:45 Section / Cekuusa VIII: CONTINUES / NTPOAB/TKEHUE / NPOAO/TIEHUE
16:45-17:00 Coffee break / Kade naysa / Kode nepepbis

Section / Cekumsa IX
17:00 — 18:00 lonizing Rad|avt|on Measurements

U3mepsaHe Ha MoHM3UpaLwm JIbueHna
N3mepeHne NoHnsmnpytowmx N3nydeHni
19:30 Cocktail / Kokteiin / Kokreiinb

10 September / Centemspu / CeHTabpa 2025 (Wednesday / Cpaaa / Cpeaa)

09:00 - 10:15

Section / Cekuua VI
Measurements in the Ecology, Biotechnology, Medicine, and Sport
N3mepBaHe B eKosl0rMATa, GBUOTEXHONOIMUTE, MEAULMHATA U COPTa
N3mepeHua B skonormm, B GUOTEXHONOTMAX, B MEAMULIMHE U B COpTe




10:15-10:30 Coffee break / Kage naysa / Kode nepepbis

10:45-11:30 Section / Cekuus VII: CONTINUES / NPOAB/TKEHWUE / NPOLO/THKEHUE

12:00-12:30 Closing Session / 3akpuBauia cecus / 3akniountenbHoe 3acegaHune

11 September / Centemspu / CeHTabpa 2025 (Thursday / YeTBbpTobK / YeTBepr)

Departure / OtnbryBaHe / OTbe3g,




SCIENTIFIC PROGRAMME
HAYYHA NMPOITPAMA
HAYYHAA NPOITrPAMMA

8 September / CentemBpu / CeHTaA6pa 2025
(Monday / MoHepenHuk / MoHeaenbHUK)

OPENING / OTKPUBAHE / OTKPbITUE
10:00-10:30 Chairman: Prof. D. Diakov, PhD

Secretary: Assoc. Prof. G. Milushev, PhD
N. Gurov, MEng

PLENARY SESSION / MTNEHAPHA CECUA /| NNEHAPHOE 3ACEOAHUE
10:30 - 11:15 Chairman: Prof. D. Diakov, PhD

Secretary: Assoc. Prof. G. Milushev, PhD
N. Gurov, MEng

P.1. Nikolay Alexandrov
EC62 |DIGITALIZATION OF THE PHYSICAL QUANTITIES IN THE NEW MATRIX
REPRESENTATION OF THE INTERNATIONAL SYSTEM OF UNITS (SI).
REPRESENTATION OF THE PHYSICAL EQUATIONS IN THE MATRIX
STRUCTURE
P.2. George Milushev, Dimka Ivanova, Valentin Starev
EC66 |METROLOGY - VISION AND CHALLENGES AFTER 150™ ANNIVERSARY OF
THE SIGNING OF THE METRE CONVENTION
GENERAL ASPECTS OF METROLOGY.
MEASUREMENT METHODS. UNITY AND ACCURACY
OF MEASUREMENTS
. OBLLUU ACIMNEKTU HA METPOJTIOTUATA. METOOU HA
Section / Cekuwn | W3MEPBAHE. EIMHCTBO M TOYHOCT HA
M3MEPBAHUATA
OBLUUE ACNEKTblI METPOJIOITMU. METOAbI
W3MEPEHWUA. EQUHCTBO M TOYHOCTb U3MEPEHUN
11:30-12:30 Chairman: Prof. |. Zakharov, DSc
13:30-14:30 Secretary: Assist. Prof. |. Blagov, PhD
N. Gurov, MEng
I.1. Iryna Morozova, Olga Ivanets, Rimvidas Khrashchevskyi, Pavlo Kulakov, Rynat
EC7 | Salimov and Anton Plugovyi
INCREASING THE RELIABILITY OF DIAGNOSIS AND CONTROL IN THE
UNCERTAINTY OF PRIMARY INFORMATION
1.2. Nikolay Koshevoy, Tatiana Rozhnova, Olena Kostenko, Maksym Tsekhovskyi,
EC11 | Oleksii Potylchak and Andrii Andriushko
METHODOLOGY FOR DEVELOPING MEASURING TRANSDUCERS OF
PHYSICAL QUANTITIES
1.3. Rumyana Komarska
EC40 |MECHANICAL NEURAL NETWORKS
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l.4. Dobri Komarski, Dimitar Diakov, Velizar Vassilev and Hristiana Nikolova
EC41 |STUDY OF TRIPOD ELASTIC PARALLEL MECHANISM FOR MECHANICAL
NEURAL NETWORK
1.5. Radoslav Marinov
EC46 | COMPARISON OF GUM AND MONTE CARLO METHODS FOR EVALUATION
THE MEASUREMENTS UNCERTAINTY OF DC VOLTAGE, DC MAGNETIC
FLUX DENSITY AND DC RESISTANCE
1.6. Igor Zakharov, Kiril Banev, Elena Nicolova, Dimitar Diakov, Olesia Botsiura and
EC47 | Oleg Novoselov
PROCEDURE FOR REVISING THE INTERCALIBRATION INTERVAL OF
MEASURING INSTRUMENTS
1.7. Igor Zakharov and Olesia Botsiura
EC61 |MEASURING THE OBJECTS COORDINATES IN THREE-DIMENSIONAL
SPACE USING THE RANGEFINDER METHOD
1.8. Roald Taymanov and Kseniia Sapozhnikova
EC63 |WHAT KIND OF ROBOT DO YOU NEED: A FRIEND OR A SERVANT?
MEASUREMENT AND INFORMATION SYSTEMS AND
TECHNOLOGIES
. U3MEPBATENHU N UH®OPMALMOHHU CUCTEMU U
Section / Cekuusa lll TEXHONOrun
M3MEPUTEJIbHbLIE U UHO®OPMALIMOHHbIE
CUCTEMbI U TEXHOJIOI'NUN
14:45 - 16:00 Chairman: A. Yovcheva, PhD
16:15-17:15 Secretary: Assist. Prof. A. Pandelova, PhD
Assist. Prof. B. Dzhudzhev, PhD
[1l.L1. | Teodor Popov, Bozhidar Dzhudzhev, Antonia Pandelova and Nikolay Stoyanov
EC2 DEVELOPMENT OF AIR PURIFICATION DRONE
[1l.2. | Teodor Popov, Bozhidar Dzhudzhev, Antonia Pandelova and Nikolay Stoyanov
EC3 |RESEARCH ON AIR PURIFICATION DRONE
[11.3. | Maryna Miroshnyk, Olga Zaichenko, Anatolii Miroshnyk and Nataliia Hapon
EC4 MULTIPLE-FREQUENCY ANALYSIS METHOD FOR NON-DESTRUCTIVE
TESTING OF 3D FILAMENT PARAMETERS
l1l.4. | Marina Miroshnyk, Boris Sytnik, Volodymyr Bryksin, Anatolii Miroshnyk, Yurii
EC12 | Pakhomov and Andrei Shafranskyi
SYSTEM OF INDEX IDENTIFICATION OF PARAMETERS OF THE
EQUIVALENT MODEL OF SUBSTITUTION OF OBJECTS WITH DISTRIBUTED
PARAMETERS
l1.5. | Boris Velev, Bozhidar Dzhudzhev, Vladimir Kamenov and Vladimir Dimitrov
EC18 |DEVICE FOR RAPID TESTING OF LITHIUM-ION BATTERIES
l1.6. | Aleksey Erpalov, Vladimir Sinitsin, Olga Ibryaeva and Aleksander Shestakov
EC20 |DECOMPOSITION-BASED AUGMENTATION OF MULTIVARIATE TIME-
SERIES MEASUREMENT DATA
lIl.7. | Krasimir Bosilkov, Snezhana Spasova and Elena Nikolova
EC24 | AUTOMATED WORKPLACE FOR METROLOGICAL VERIFICATION OF
INDUSTRIAL PLATINUM RESISTANCE THERMOMETER
[11.8. | Stoyan Doynov and Filip Filipov
EC26 |AUTOMATED SYSTEM FOR SILICA MEASURING - “AMI SILICA” TYPE
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[11.9. | Dimitar Dichev, lliya Zhelezarov, Tsanko Karadzhov, Borislav Georgiev,
EC49 |Qleksandr Kupriyanov, Ralitza Dicheva and Krasimir Drumev
IMPROVING ACCURACY IN DYNAMIC SYSTEMS THROUGH ADAPTIVE
IDENTIFICATION OF MODEL ERRORS WITHIN THE KALMAN FILTER
STRUCTURE
MEASUREMENTS IN THE ELECTRICAL POWER
_ ENGINEERING
Section / Cekumn VI W3MEPBAHWSA B ENEKTPOEHEPIETUKATA
M3MEPEHUA B SNIEKTPOSHEPIETUKE
17:30 - 18:45 Chairman: Assoc. Prof. G. Milushev, PhD
Secretary: Assist. Prof. K. Galabov, PhD
N. Gurov, Meng
VI.1. |Anton Pavlovich, Artem Orlov, Gennady Antipov, Elizaveta Koniushenko, Nikolay
EC 23 |Serov and Andrey Serov
COMPARATIVE ANALYSIS OF THE EFFICIENCY OF WINDOW FUNCTIONS
FOR THE FREQUENCY MEASUREMENT METHOD BASED ON THE
AMPLITUDE SPECTRUM ANALYSIS
VI.2. |Mykola Kundenko, Ivaylo Blagov, Antonina Rybalka, Vitalii Mardziavko and Andrii
EC29 |Rudenko
METHODOLOGY FOR ASSESSING THE INFLUENCE OF GEOMETRIC
PARAMETERS OF OPEN RESONATORS ON THE METROLOGICAL
CHARACTERISTICS OF ENERGY LOSSES
VI.3. |Elizaveta Budkina, Alsu Nurtdinova, Ekaterina Dolgacheva, Alexander A.
EC35 | Shatokhin, Nikolay Serov and Andrey Serov
APPLICATION OF THE VERNIER METHOD TO REDUCE THE EFFECT OF
AMPLITUDE SPECTRUM LEAKAGE
VI.4. |lliyana Bogdanova, George Milushev and Krasimir Galabov
EC54 |INCOMING INSPECTION OF VACUUM CIRCUIT BREAKERS
VIL5. |George Milushev
EC55 |ELECTRICAL POWER - THE MISSING ELEMENT IN ELECTRICAL POWER
QUALITY ASSESSMENT AND STANDARTISATION
9 September / CentemBpu / CeHTaA6pa 2025
(Tuesday / BropHuk /| BTOpHUK)
DIGITALIZATION IN METROLOGY
AUTUTANTU3ALINA B METPOJTOTUATA
Round Table LUNOPOBU3ALNA B METPOJTOIMU

Kpbrna maca

Kpyrnbivi cTon

Organised with UMB in Parallel in Hall 2

OpraHnsupana cb¢c CMb napanenHo B 3ana 2
OpraHusoBaH ¢ CMbB napannenbHo B 3ane 2

10:00 - 12:30 Chairman: D.lvanova, PhD

Secretary: A. Yovcheva, PhD
Assoc. Prof. G. Milushev, PhD

RT.1.

A. Yovcheva
EURAMET AND DIGITAL TRANSFORMATION
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RT.2. |Tzvetelin Petkov
DIGITALIZATION IN METROLOGY - TECHNOLOGY TRANSFORMATION OR
WAY OF THINKING
RT.3. | DEMONSTRATIONS OF DIGITAL SOLUTIONS IN METROLOGY
SENSORS, TRANSDUCERS AND DEVICES FOR
MEASUREMENT OF PHYSICAL QUANTITIES
. CEH3O0PWU, NPEOBPA3YBATEIIU U YPEOU 3A
Section / Cekuns Ii U3MEPBAHE HA ®U3UYHU BENUYMHU
CEHCOPbI, MTPEOBPA3OBATEJIN U NPUBOPLI ONA
M3MEPEHUA ®USNYECKUX BEJTIUYNH
9:00 - 10:15 Chairman: Assoc. Prof. N. Stoyanov, PhD
Secretary: Assist. Prof. D. Komarski, PhD
Assist. Prof. B. Dzhudzhev, PhD
.1. Nikolay Koshevoy, Tatiana Rozhnova, Olena Kostenko, Oleksandr Zabolotnyi,
EC10 |Vitalii Siroklyn and Andriushko Andrii
NEW FIBER-OPTIC TRANSDUCERS OF PHYSICAL QUANTITIES
1.2. Oleksandr Zabolotnyi, Andrii Khodieiev, Roman Trishch and Vitalii Zabolotnyi
EC17 |INFRARED TURBIDITY SENSORS APPLICATION FOR THE WATER IN
DIESEL EMULSION STABILITY CONTROL
1.3. Artem Yakovenko and Alexander Shestakov
EC19 |SELF-DIAGNOSING MULTI-POINT THERMOCOUPLE MEASUREMENT
CIRCUIT WITH DECISION TREE-BASED ERROR CORRECTION
1.4. Denys Onishchuk, Kyrylo Titov and Vitalii Svitlychnyi
EC21 |DEVELOPMENT OF A DIGITAL COLOR MEASUREMENT SENSOR
.5. Luboslav Hristov, Momchil Lazarov and Ivan Ivanov
EC25 |AUTOMATED METROLOGY VERIFICATION AND DIAGNOSTICS OF
PRESSURE TRANSDUCERS
QUALITY MANAGEMENT AND CONTROL,
STANDARDIZATION, CERTIFICATION,
ACCREDITATION
YNPABJIEHUE U KOHTPOJ1 HA KAYECTBOTO,
Section / Cekumsa X CTAHOAPTU3AUUA, CEPTUOUKALINA,
AKPEOUTALUNA
YNPABJIEHUE N KOHTPOJ1b KAYECTBA,
CTAHOAPTU3AUUA, CEPTUOUKALINA,
AKPEOUTALUNA
10:30-12:30 Chairman: Prof. B. Sotirov, PhD
Secretary: Assist. Prof. D. Komarski, PhD
Assist. Prof. B. Dzhudzhev, PhD
X.1. Velizar Vassilev and Dobri Komarski
EC1 |STUDY OF THE CAPABILITIES OF A RETROFITTED ROUNDNESS
MEASURING INSTRUMENT
X.2. Tzvetelin Gueorguiev, lliya Zhelezarov and Miroslav Kokalarov
EC9 |APPLICATION OF QUALITY TOOLS IN THE AUTOMOTIVE INDUSTRY
X.3. Ivan lvanchev
EC15 |EXPERIMENTAL DETERMINATION OF CURVATURE OF RC ELEMENTS
SUBJECTED TO BENDING
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X.4. Ivan lvanchev

EC16 |COMPARISON OF EXPERIMENTALLY DETERMINED DEFLECTIONS OF RC
BEAMS WITH THOSE CALCULATED ACCORDING EC2 USING THE REAL
CURVATURE

X.5. Martin Ralchev, Valentin Mateev, lliana Marinova, Georgi Kotlarski, Stefan

EC 36 |Valkov and Maria Ormanova
CONTACT FORCE CONTROL FOR SURFACE ELECTRIC IMPEDANCE
MEASUREMENTS

X.6. Roald Taymanov and Kseniia Sapozhnikova

EC38 | MEASURING THE QUALITY OF PRODUCTS AND SERVICES USING
ARTIFICIAL INTELLIGENCE SYSTEMS

X.7. Dimcho Pulov and Krasimir Drumev

EC48 | A SYSTEM OF CRITERIA FOR EVALUATING THE QUALITY OF OPTICAL
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Abstract - When developing measuring transducers of
physical quantities, the current tasks are the problems of
increasing their sensitivity and accuracy, expanding
functional capabilities, simplifying the design and reducing
mass and dimensions, and increasing reliability and
manufacturability. To solve these problems, a methodology
for constructing measuring transducers with optimal design
parameters has been created. The methodology has been
tested in the development of linear displacement, pressure
difference and temperature sensors.

Keywords — methodology, developing, measuring
transducers, physical quantities
(AVA INTRODUCTION

Today, the development of measuring transducers of
physical quantities is an important area of research, since
they are used in various sectors of the national economy
[1-3].

At the same time, these studies are aimed at building
measuring transducers with optimal design parameters.
Therefore, it is advisable to create a methodology that will
allow to generalize and simplify the process of developing
measuring transducers without harming the quality of the
transducer itself.

V. RESOURCES AND PUBLICATIONS ANALYSIS

Every year, many scientific articles, patent applications,
are published, which are devoted to the development of
measuring transducers [3-8].

Analysis of publications shows that they are aimed at
improving individual indicators of measuring transducers,
such as sufficient reliability, measurement speed,
displacement coding ambiguity error, simplified device
design, manufacturing  processability, weight and
dimensional characteristics, and others. When developing
measuring transducers, attention is also paid to ensuring
control and diagnostics of the device during its operation
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and the possibility of obtaining output information in binary
code.

In this regard, it is necessary to create methods for
developing measuring transducers of physical quantities
with optimal design parameters.

VI. RESEARCH

The first stage of developing measuring transducers of
physical quantities with optimal design parameters requires
a patent search to find analogues and a prototype design.

As result of analyzing the shortcomings of the
prototype and analogues, a measuring transducer design is
developed that eliminates these shortcomings. For further
improvement of measuring transducers, it is necessary to
find the optimal values of design parameters. The solution
of this problem is possible by applying the methods of
optimal cost and time-consuming experimental planning [9-
11].

The following stages are performed: development of an
experimental plan, optimization of the experimental plan in
terms of cost and time using computer programs. A list of
copyright certificates for a work (computer program) is
given in [3].

After implementing the optimal experimental plan in
terms of cost and time, a mathematical model of the
measuring transducer of a physical quantity is built. Using
the mathematical model, the optimal design parameters of
the measuring transducer are found.

The design of the measuring transducer of a physical
quantity with optimal parameters is built.

The stages of the developed methodology are given in
Table.

The created methodology has been tested in the
development of linear displacement, pressure difference,
temperature sensors, and contactless DC current meter.

TABLE — STAGES THE METHODOLOGY FOR
DDEVELOPING CONVERTERS OF PHYSICAL QUANTITIES
Number Stages of the methodology

1 Conduct a patent search
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2 Analyze the shortcomings of the prototype and
analogues

3 Develop a design for a measuring transducer
that eliminates the shortcomings

4 Develop an experimental plan for studying the
converter

5 Optimize the experimental plan in terms of cost
and time using computer programs

6 Conduct an experiment

7 Build a mathematical model of the converter

8 Using a mathematical model, find the optimal
design parameters of the converter

9 Build a fiber optic converter design with
optimal design parameters

To increase measurement accuracy and expand
functionality, a linear displacement sensor is proposed in a
Ukrainian patent Ne 159092.

The principle of operation of the sensor is based on the
conversion of the linear movement of the rod 3, on which
the optical radiation source 4 is installed, into the
movement of the light flux along the input ends of the light
guides 5; converting the light flux transmitted from the
optical radiation source 4 through the optical fibers 5 on the
photodetector of the fiber-optic converter 12 into a binary
code; determining the magnitude of the linear displacement
from the received binary code in the computer 13.

Fig. 1 shows a simplified design of a
displacement sensor.

linear

o

Fig. 1. Simplified design of the linear displacement sensor

Fig. 2 shows an enlarged view along A-A in Fig. 1.
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Fig. 2 — Enlarged view along A-A of Fig. 1

Fig. 3 shows the placement of light fibers in a fiber-
optic converter to obtain information about linear
displacement in binary code.

The sensor contains a rod 3 installed in the housing 1
with the possibility of movement in the supports 2. An
optical radiation source 4 is installed on the rod 3, and on
the housing 1 in front of the optical radiation source 4 in a
line, in the direction of movement of the rod 3, the input
ends of the optical fibers 5 are placed and fixed. To prevent
rotation of the rod 3 and, as a result, loss of contact between
the optical radiation source 4 and the light guides 5, a
groove 6 is provided on the rod, and a protrusion 7 is
provided on the inner surface of the support 2 (Fig. 2). At
the opposite ends of the rod 3, movement limiter 8 and a
pusher-stop 9 are placed. To return the rod 3 to its original
position, a spring 10 is placed in the sensor design between
the housing 1 and the pusher-stop 9, which is secured with
washers 11. The output ends of the light guides 5 are
optically connected to a fiber-optic converter 12 (Fig. 3),
connected to a computer 13. The sensor housing 1 is fixed
to the object of study, and the pusher-stop is installed in
front of the element 14, the linear displacement of which
must be measured.

Fig. 3. Placement of optical fibers in a fiber-optic converter to obtain
information about linear movement in binary code

The linear displacement sensor works as follows.

The impact of the element 14 on the pusher-stop 9
causes the rod 3 to move. In this case, the light flux from
the optical radiation source 4 through the corresponding
input ends of the optical fibers 5 falls on the photodetectors
of the fiber-optic converter 12, at the output of which a



binary code is obtained, which is sent to the computer 13.
In the computer 13, the linear displacement value is
determined based on the received binary code.

Thus, the proposed linear displacement sensor allows to
increase the accuracy of measurements and expand its
functionality by introducing new elements into the sensor,
namely, an optical radiation source, optical fibers, a fiber-
optic converter and connections between these elements.

In order to expand the functionality of the prototype by
measuring the pressure difference, a differential fiber-optic
pressure difference sensor is proposed in the Ukrainian
patent for a utility model Ne159094.

The introduction of new elements and connections
between them into the fiber-optic pressure sensor allows
expanding the functionality of the prototype by measuring
the pressure difference.

Fig. 4 shows a simplified design of a differential fiber-
optic pressure difference sensor, which contains a housing
in the form of two threaded fittings 1,2 with channels 3,4
for supplying working media, which pass into receiving
cavities 5,6, ending with plugs 7,8 in the form of
membranes. On the back sides of the membranes are placed
racks 9, 10, which are rigidly connected to each other in
pairs using washers 11 and screws 12. An optical fiber 13
with two Bragg gratings 14, 15 is rigidly fixed between the
first and second pairs of racks. In this case, the first section
of the optical fiber 13 with the Bragg grating 14 is located
between the racks 9, 10, and the second section of the
optical fiber 13 with the Bragg grating 15 is located on the
back side of the racks 9, 10. The optical fiber 13 is fixed
between the first and second pairs of racks 9, 10 by means
of clamps 16, an adhesive composite 17, washers 11 and
screws 12. The casing 18 and the housing in the form of
two threaded fittings 1, 2 form a support cavity. The optical
fiber 13 is placed with the possibility of connecting to the
radiation source 19.
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Fig. 4. Simplified design of differential fiber optic pressure difference
sensor

The differential fiber-optic pressure difference sensor
works as follows.

The working medium under pressure P1 through the
channel 3 in the threaded fitting 1 enters the receiving
cavity 5 and acts on the membrane 7. Under the action of
the working medium, the membrane 7 is deflected, which
leads to the movement, relative to each other, of the sides of
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the racks 9. The working medium under pressure P2
through the channel 4 in the threaded fitting 2 enters the
receiving cavity 6 and acts on the membrane 8.Under this
action of the working medium, the membrane 8 is
deflected, which leads to the displacement of the racks 10
in opposite, relative to each other, sides. As a result of the
action of pressures P1 and P2, a deformation of the rigidly
fixed optical fiber 13 occurs in the area with the Bragg
grating 14, which is proportional to the difference in
pressures P1 - P2. The deformation of this area leads to a
change in the length of the reflected light wave in the Bragg
grating 14. By changing the length of the reflected light
wave, the value of the pressure difference P1 - P2 is
determined. The Bragg grating section 15 is used for
temperature compensation.

Thus, the proposed differential fiber-optic pressure
difference sensor allows you to expand the functionality of
the prototype by measuring the pressure difference P1 - P2,

In order to expand the functionality of the prototype by
providing information about the temperature value in digital
form, a device for measuring temperature is proposed in the
Ukrainian patent for a utility model Ne 159093.

The introduction of new elements into the temperature
measurement device (a prism with a translucent surface, a
photodetector, two adjustable diaphragms, photodetector
current amplifiers, rectangular pulse shapers, a logic circuit,
a reversing counter) and the connections between them
allow us to expand the functionality of the prototype.

Fig. 5 shows a simplified design of a device for
measuring temperature.

Fig. 5. Simplified design of a temperature measuring device

The temperature measuring device contains a radiation
source (laser) 1, a light-distributing cube 2, combined with
a thermally sensitive element 3, which is made in the form
of a single- or multilayer film of chalcogenide glassy
semiconductors resistant to electromagnetic fields and
ionizing radiation. Reflective coatings 4 are applied ~n tnn
of the thermosensitive element 3 and the adjacent sur "
the cube 2. Adjustable diaphragms 6, 7 are placed in front
of the adjacent surfaces of the translucent prism 5 with
photodetectors 8, 9 installed behind them. Photodetectors 8,
9 are connected to series-connected corresponding current
amplifiers 10,11 and rectangular pulse generators 12, 13,
which are connected to a logic circuit 14 connected to a
reversing counter 15.

The temperature measuring device operates as follows.

When the temperature of the cube 2 changes, the
radiation of the laser 1, having split into two beams in the
cube 2, interferes after interacting with the thermosensitive



3 and reflective 4 coatings. The interfering beams from the
translucent prism 5 through the adjustable diaphragms 6, 7
arrive at the photodetectors 8,9. A constant phase shift
between the interfering beams by m/2 is achieved by
shifting the diaphragms 6 and 7. The photocurrents
obtained at the output of photodetectors 8, 9 are amplified
in the corresponding amplifiers 10, 11, and converted into
rectangular pulses in shapers 12, 13. Logic circuit 14,
comparing the order of arrival of these pulses, determines
the nature of the temperature change. Photodetectors 8, 9
are structurally placed in such a way that when the
temperature increases, photodetector 8 is the first to send a
pulse to the logic circuit 14, and when the temperature
decreases, photodetector 9 is the first. When receiving a
pair of pulses from photodetectors 8, 9, the logic circuit 14
sends one pulse to the counting input of the reversing
counter 15 and simultaneously sends signals to two inputs
controlling the counting direction.

Thus, the proposed device allows you to expand the
functionality of the prototype, as it provides information
about the temperature value in digital form at the output of
the reversing meter.

In order to simplify the design of the prototype and
increase the manufacturability of manufacturing, a device
for non-contact measurement of direct currents is proposed
in the patent of Ukraine for utility model No. 157206.

Fig. 6 shows a simplified design of a contactless DC
sensor.

The contactless DC sensor contains a ring magnetic core
1, which surrounds a current-carrying conductor 2. A Hall
sensor 3 is placed in the gap of the magnetic core, the
current terminals of which are connected to the output of a
stabilized power supply 4, and its potential terminals are
connected to a differential amplifier 5. The differential
amplifier is connected to the serially connected analog-to-
digital converter 6 and microprocessor 7, which are part of
the controller 8. The demagnetization winding of magnetic
circuit 1 is connected to the microprocessor 7.

The contactless DC sensor works as follows.

When a direct current flows through conductor 2, a
constant magnetic field arises, which is concentrated by the
magnetic core 1 in the gap and affects the Hall sensor 3, at
the potential terminals of which a voltage signal appears,
proportional to the magnitude of the magnetic field and
current in conductor 2. The magnitude of this signal is
amplified in the differential amplifier 5 and fed to the input
of the analog-to-digital converter 6. The digital signal from
the output of the analog-to-digital converter 6 is fed to
microprocessor 7 of the controller 8. The microprocessor
outputs a signal in digital form, proportional to the current
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being measured, and generates a signal that is fed to the
demagnetization winding before the next measurement and
ensures demagnetization of the magnetic circuit 1.

Thus, the proposed contactless DC sensor allows to
simplify the design and increase the manufacturability of
the prototype.

CONCLUSIONS

The created methodology for developing measuring
transducers can be widely used for building transducers of
physical quantities with optimal design parameters. The
methodology has been tested in the development of linear
displacement, pressure difference and temperature sensors,
which are protected by patents of Ukraine for a useful
model.

In further research using the proposed methodology, the
following fiber-optic transducers will be built: a pressure
sensor, a vibration sensor, and an acceleration sensor.
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