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Program rada — Kongres metrologa 2022

Utorak, 11. oktobar 2022. godine

14:00 Registracija

14:50-15:00 sala I OTVARANJE SKUPA i Prezentacija Sponzora
15:00-16:15 sala I Merenja elektri¢nih veli¢ina (IMEKO TC 4), Digitalizacija IMEKO TC 6)

Softverski podriane metode karakterizacije impedanse na niskim frekvencijama, Milan Sag, Dragan
Peji¢, Marjan Urekar, Nemanja Gazivoda, Porde Novakovi¢, Bojan Vuji¢i¢, Fakultet Tehnickih
Nauka - Novi Sad

Ispitivanje uticaja ambijentalnih uslova na procenu merne nesigurnosti merenja probojnog napona
mineralno izolacionog ulja, Vesna Radin, Branka Durié¢, Neda Kovacevié, Elektroehnicki Institut
Nikola Tesla Beograd

Analiza proraduna merne nesigunosti etaloniranja elektricne otpornosti otpornika DC struje
automatizovanim mostom za otpornost Measurements International 6010D, Slobodan Subotic, Slavko
Vukanié, Nikola Jovici¢, Tehnicki Opitni Centar —Vojska Srbije

Procena doprinosa temperature budZetu merne nesigurnosti neiterativnog algoritma za sveakusticko
lociranje parcijalnog praznjenja, Vladimir Poluzanski, Koviljka Stankovi¢, Dragan Kovacevi¢,
Nenad Kartalovié¢, Bosko Nikoli¢, Elektroehnicki Institut Nikola Tesla Beograd

Jedna analiza automatskog pregleda merne opreme primenom sistema beZicnih senzorskih mreZa,
Milos Jovanovi¢, Dragan Lazié¢, Tehnic¢ki Opitni Centar —Vojska Srbije

15:00-16:30 sala 11 Merenja dimenzionalih veli¢ina (IMEKO TC14)

Odredivanje merne nesigunosti rezultata merenja prostornog rastojanja primenom globalnih
navigacionih satelitskih sistema, Oleg Odalovic, Dusan Petkovi¢, Sanja Grekulovi¢, Miljana
Todorovi¢-Dragkul, Gradjevinski fakultet, Beograd

Medulaboratorijsko poredenje iz oblasti dimenzionih veli¢ina, Jelena Gudevic, SiniSa Del¢ev, Olivera
Vasovié¢ Sim§ic’, Gradevinski fakultet, Subotica

Efekti plime okeana na mernu nesigunost koordinata odredenih primenom tehnologije globalnih
navigacionih satelitskih sistema, Oleg Odalovic, Miljana Todorovi¢-Drakul, Sanja Grekulovié¢, Dusan
Petkovi¢, Gradjevinski fakultet, Beograd

Etaloniranje ravnosti kontrolnih i mernih ploca u akreditovanoj laboratoriji MAGAT TECH, Maja
Aleksic, Milos Bjeli¢, MAGAT TECH

Inovacioni sistem direktno bezkontaktno merenje pomeraja laserskim senzorima za primenu u
gradevinarsvu, Zoran MiSkovié, Sinisa Savatovié, Ljiljana MisSkovié¢, Gradevinski fakultet Beograd
Helmertova transformacija kod metroloske kontrole terestrickih laserskih skenera, Ankica Milinkovié,
Sanja ucikesié¢, Dejan Lalovié, Arhitektonsko-gradevinsko-geodeski fakultet, Banja Luka

16:30 - 17:00 Pauza za kafu
17:00 -17:45 Okrugli sto - Digitalizacija i digitalni sertifikat — Jasmina Pavlovié, Slavica Simi¢,

Direkcija za Mere i Dragocene Metale

18:00-18:30 Skupstina Drustva metrologa

Sreda, 12. oktobar 2022. godine

9:00 Registracija

10:00-10:25 salal Senzori na bazi opickih vlakana i njihove primene u gradevinarsvu, Ljiljana

Brajovi¢, Gradevinski fakultet Beograd - predavanje po pozivu

10:30-11:30 sala I Merenja elektri¢nih veli¢ina (IMEKO TC 4)

Uspostavljanje sledljivosti RF snage u frekvencijskom opsegu ispod 10 MHz, Neda Spasojevic, Ivica
Milanovi¢, Predrag Rakonjac, Zoran Mitrovi¢, Tehnicki Opitni Centar — Vojska Srbije



Medjulaboratorijsko poredjenje u oblasti ispitivanja frekventnog odziva namotaja tranasformatora,
Jelena Lazic, Branko Pejovi¢, Nevena Malesevié, Elektrotehni¢ki Institut Nikola Tesla Beograd
Etaloniranje merila DC magnetskog polja, Dragana Naumovi¢-Vukovié, Slobodan Skundrié,
Elektrotehnicki Institut Nikola Tesla Beograd

Odredjivanje tacnosti ostvarivanja sprege dva hidraulicna servomotora, Dane DZepceski, Jelena
Pavlovié, Elektrotehnicki Institut Nikola Tesla Beograd

10:30-12:00 sala II Merenja temperature i srodnih veli¢cina (IMEKO TC 12), Merenje parametara

okoline IMEKO TC19)
Automatizovani sistem za karakterizacija temperaturnih Pt-100 sondi, Porde Novakovi¢, Ivan
iupunski, Zdravko Gotovac, Sanja Mandi¢, Dragan Peji¢, Platon Sovilj, Nemanja Gazivoda,
Fakultet Tehnickih Nauka - Novi Sad
Jedan pristup merenju relativne vlaZnosti vazduha primenom psihometrijske metode, Aleksandar
Ristic, Milos Jovanovi¢, Dragan Lazié¢, Tehni¢ki Opitni Centar — Vojska Srbije
Uticaj temperaturne neuniformnosti na komponente merne nesigunosti specificne toplote i specificne
elektricne otpornosti kod strujno-impulsne metode, Ivana Nikoli¢, Nenad Milosevi¢, Institut za
Nuklearne Nauke Vinca
Direkcija za mere I dragocene metale u medjunarodnom poredjenju etaloniranja etalonskih
termoparova, Slavica Simic, Vladan Stepanovié, Svetlana Stanisavljevi¢, Direkcija za Mere i
Dragocene Metale
Etaloniranje oktavnih i tercnih filtara iz oblasti akustike u Tehnickom opitnom centru, Dragan Lazic,
Mirjana Mladenovi¢ Tehnicki Opitni Centar — Vojska Srbije

Etaloniranje balometara, Bojan Turundzilovic, Aleksandra Nenadié, Predrag Kolarz, Republic¢ki
Hidrometeroloskii Zavod

13:30 Izlet
20:00 Svecana vecera
Cetvrtak, 13. oktobar 2022. godine
9:00 Registracija
9:30-10:30 sala I Merenja u biologiji i medicini (IMEKO TC13)

Filtriranje u elektromioneurografiji (EMNG), Jelena Rafailovi¢, Milan Sas, Fakultet Tehni¢kih
Nauka - Novi Sad

Neinvazivna metoda merenja glukoze u krvi, Milica Vujovi¢, Marjan Ureka, Fakultet Tehnickih
Nauka - Novi Sad

Metrologija u oblasti medicine, Zeljka Stjepanovi¢, INSLAB, Beograd

9:30-11:00 sala IT Masa (IMEKO TC3), Protok (IMEKO TC 16), Merenja u dijagnostici

optimizaciji i kontroli procesa (IMEKO TC 10), Vibracije (IMEKO TC 22)
Metode diseminacije jedinice mase, Dragan Pantic, Boris Lastro, Predrag Duri¢, Direkcija za Mere i
Dragocene Metale
Procena merne nesigunosti pri merenju protoka profilisanim poljem brzine, Damjan Ivetic, Dusan
Prodanovi¢, Predrag Vojt Gradjevinski fakultet, Beograd
Kalibracija 3D EM merila brzine, Predrag Vojt, Dusan Prodanovié¢, Damjan Ivetié, Institut za
vodoprivredu Jaroslav Cerni
Nove merne mogucnosti u Naftnoj Industriji Srbije master meter MMO03, Dragan Nikolic, Jelena
Stojanovié, Vojislav Mirkov, Milos Zivanovi¢, Radosav Puki¢, Naftna Industrija Srbije
Poredjenje razlicitih metoda etaloniranja sekundomera, Misa Markus, Neda Spasojevi¢, Aleksandar
Atanackovié, Tehnic¢ki Opitni Centar — Vojska Srbije
Pracéenje stanja masina sa velikim udarima u radu merenjem vibracija, Rajko Spasojevic, Bojan
Sekularac, Kolubara Metal

Napomena: Pored naziva rada, imena i prezimena autora, navedena je i institucija iz koje dolazi prvi autor
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SOFTVERSKI PODRZANE METODE ZA KARAKTERIZACIJU IMPEDANSE NA
NISKIM FREKVENCIJAMA

Milan Sa$, Dragan Peji¢, Marjan Urekar, Nemanja Gazivoda, Porde Novakovi¢, Bojan Vuji¢i¢
Kljucne reci: impedansa, softver, lock-in detekcija, fitovanje krive
KRATAK SADRZA]J

U radu je dat prikaz realizovane metode za karakterizaciju impedanse na niskim frekvencijama. Metoda je
koriS¢ena za snimanje modula i faznog stava impedanse superkondenzatora. Upotrebljena su dva multimetra
tipa FLUKE 8846A od kojih je jedan konfigurisan kao ampermetar, a drugi kao voltmetar. Direktnim
pristupanjem analogno-digitalnom (AD) konvertoru instrumenata su ocitavani odbirci napona i struje. Na
osnovu odbiraka je odredivana amplituda i fazni stav napona i struje na dva nacina: odredivanjem Furijeove
sinusne i kosinusne komponente na zadatoj frekvenciji (standardni pristup) i primenom fitovanja krivih.
Standardna i nova metoda su poredene u zavisnosti od razlicitih parametara: broj odbiraka po periodi, trajanje
odabiranja, vreme usrednjavanja AD konvertora, itd.

SOFTWARE SUPPORTED METHODS FOR CHARACTERIZATION OF IMPEDANCE AT
LOW FREQUENCY

Keywords: impedance, software, lock-in detection, curve fitting
ABSTRACT

The paper presents the realized method for impedance characterization at low frequencies. The method was
used to record the module and phase of the supercapacitor impedance. Two FLUKE 8846A multimeters were
used, one of which was configured as an ammeter and the other as a voltmeter. Voltage and current readings
were read by direct access to the analog-to-digital (AD) converter of these instruments. Based on the samples,
the amplitude and phase of voltage and current were determined in two ways: by determining the Fourier sine
and cosine components at a given frequency (standard approach) and by applying curve fitting. The standard
and new methods are compared depending on different parameters: number of samples per period, sampling
integration time, AD converter integration time, etc.

Merenje elektri¢nih velicina IMEKO TC 4)
Milan Sas - Fakultet tehni¢kih nauka Novi Sad, e-mail: milansas @uns.ac.rs




HUCIIUTUBAIBE YTULHAJA AMBUJEHTAJIHUX YCJIOBA HA MEPHY
HECHUT'YPHOCT MEPEBHA ITPOBOJHOI' HAITOHA MUHEPAJIHOI" U30JALIMOHOTI
YJbA

Becna Pagun, bpanka Bypuh, Hena KoBauesuh

KibyuHe peun: penpoayKTHBHOCT Meperha, MEpHAa HECUTYPHOCT, MPOOOjHH HAIIOH, MHHEPAITHO U30JIAI[HOHO
yibe

KPATAK CA/JIPXKAJ

[IpoGojHu HAIOH je CTTOCOOHOCT MUHEPATHOT H30JIAIIMOHOT YJba J1a H3IPKHA jaKO eJIEKTPUIHO TI0JhE Al Ja
npu ToM He nmohe mo mpobGoja. Y OBOM pany je MpHKa3aH YTHIE] pa3InIATHX aMOMjeHTATHHX YCJIOBa Ha
CTaOWITHOCT M PETIPOIYKTHBHOCT Mepemba. Mcnuruanu cy Moryhn H3BOpH HECUTYPHOCTH Meperba M HCTPaKeHa
noTpeba 3a eBEeHTYaTHUM KOpeKIMjaMa HaunHa Mepemka y by Behe moy3maHocTu.

AMBIENT CONDITIONS IMPACT ON UNCERTAINTY OF MEASUREMENT OF
BREAKDOWN VOLTAGE OF MINERAL INSULATION OIL

Keywords: reproductivity, uncertainty, breakdown voltage, mineral insulation oil
ABSTRACT

Scope of this paper was investigation of different atmospheric impact on measurement reproducibility of
breakdown voltage of mineral insulating oil. The influence of atmospheric conditions at filed were considered
in relation to laboratory test conditions. Possible sources of measurement uncertainty were studied. The need
for corrections of measurement method in order to increase reliability was investigated.

Merenje elektri¢nih velicina IMEKO TC 4)
Vesna Radin - Elektrotehnicki institut Nikola Tesla a.d. Beograd, e-mail: vesna.radin @ieent.org




AHAJIN3A TPOPAYYHA MEPHE HECUT'YPHOCTHU ETAJIOHUPAILA EJIEKTPUYHE
OTIHHOPHOCTHU OTIHHOPHUKA DC CTPYJE AYTOMATHU30BAHUM MOCTOM 3A
OTHHOPHOCT MEASUREMENTS INTERNATIONAL 6010D

Cno6onan Cy6otuh, CnaBko Bykanuh, Hukona JoBuuuh

Kipydne peun: mpopadyH MepHE HeCHTypHOCTH, oTHopHHUK DC cTpyje, MOCT 3a OTIIOpHOCT
KPATAK CAJIPXKAJ

Jenan ox HaumHa eranoHupama ormopHuka DC cTpyje je MerogoM mopehema ca pedepeHTHUM eTajJoH
oTmopHUKOM ToMohy kommaparopckor mMocta DC crpyje. ¥ pany je mpukasana merona mnopehema ca
pedepentHuM eTtanoH ornopHHKoM Leeds & Northrup 4210B momohy ayromaTtuzoBaHOT MOCTa 32 OTIIOPHOCT
Measurements International 6010D koja ce npumemyje y 1abopaTopuju 3a eTaloHupame TeXHUIKOT OIUTHOT

ueHrtpa. Jlar je MaTeMaTHUKH MOJIEN U TIOCTYIIaK BPEeIHOBamha MEPHE HECUTYPHOCTH, Ha IPUMEPY €TaIOHUPambha
ornopHuKa Tinsley S684A.

ANALYSIS OF MEASURING UNCERTAINTY OF ELECTRICAL RESISTANCE
CALIBRATION OF THE RESISTORS BY AUTOMATED PRIMARY RESISTANCE
BRIDGE MEASUREMENTS INTERNATIONAL 6010D

Keywords: analysis of measuring uncertainty, DC resistance current, resistance bridge
ABSTRACT

One of the calibration DC resistance current methods is a comparison method with reference resistance etalon
by DC Comparator ratio bridge. The paper presents method by comparison with the reference resistance etalon
Leeds & Northrup 4210B by automated primary resistance bridge Measurements International 6010D which is
applied in the laboratory for the calibration of the Technical Test Center. A mathematical model and a procedure
for evaluating measurement uncertainty is given, in the case of the resistance Tinsley 5684 A calibration.

Merenje elektri¢nih velicina IMEKO TC 4)
Slobodan Suboti¢, Tehnicki opitni centar-Vojska Srbije, e-mail: slobodansubotic @gmail.com




PROCENA DOPRINOSA TEMPERATURE MINERALNOG ULJA BUDZETU MERNE
NESIGURNOSTI NEITERATIVNOG ALGORITMA ZA SVEAKUSTICKO LOCIRANJE
PARCIJALNOG PRAZNJENJA

Vladimir PoluZanski, Koviljka Stankovi¢, Dragan Kovacevi¢, Nenad Kartalovi¢, Bosko Nikoli¢

Kljucne reci: merna nesigurnost tipa B, koeficijent osetljivosti, kombinovana merna nesogurnost, budzet
merne nesigurnosti, monte karlo metoda, parcijalno praznjenje, akustika, neiterativni algoritam

KRATAK SADRZAJ

Sveakusticka metoda za lociranje parcijalnog praznjenja u mineralnom ulju iskljucivo koristi akusticke
signale za odredivanje lokacije parcijalnog praznjenja. Matematicki model sveakusticke neiterativne metode
zasniva se na pretpostavci da je brzina akustickog signala konstantna po volumenu materijala. Brzina akusticnog
signala dominantno zavisi od temperature mineralnog ulja, odnosno temperatura ulja se takode smatra
konstantnom. Posmatrano sa stanovista fizike, termodinamickih svojstava fluida i konstrukcije opreme, ova
aproksimacija moZe biti izvor velike merne nesigurnosti pri odredivanju lokacije parcijalnog praznjenja datom
metodom. U radu je prikazan postupak procene doprinosa temperature mineralnog ulja budZetu merne
nesigurnosti neiterativnog algoritma. Postupak se zasniva na proceni merne neigurnosti tipa B i odgovarajuceg
koeficijenta osetljivosti. U tu namenu razvijeno je namensko softversko reSenje. Cilj istraZivanja je unapredenje
neiterativne sveakusticke metode preko podizanja nivoa statisticke sigurnosti i pouzdanosti rezultata merenja.

ESTIMATION OF THE CONTRIBUTION OF MINERAL OIL TEMPERATURE TO THE
BUDGET OF MEASUREMENT UNCERTAINTY OF A NON-ITERATIVE ALGORITHM
FOR ALL-ACOUSTIC LOCATION OF PARTIAL DISCHARGE

Keywords: type B measurement uncertainty, sensitivity coefficient, combined measurement uncertainty,
measurement uncertainty budget, Monte Carlo method, partial discharge, acoustics, non-iterative algorithm

ABSTRACT

The all-acoustic method for locating partial discharge in mineral oil exclusively uses acoustic signals to
determine the location of partial discharge. The mathematical model of the all-acoustic non-iterative method is
based on the assumption that the velocity of the acoustic signal is constant over the volume of the material. The
velocity of the acoustic signal predominantly depends on the temperature of the mineral oil, i.e. the oil
temperature is also considered constant. Observed from the point of view of physics, thermodynamic properties
of fluids and equipment construction, this approximation can be a source of great measurement uncertainty in
determining the location of partial discharge by a given method. The paper presents the procedure for estimating
the contribution of mineral oil temperature to the uncertainty budget of a non-iterative algorithm. The procedure
is based on the assessment of the type B measurement uncertainty and the corresponding sensitivity coefficient.
A dedicated software solution has been developed for this purpose. The aim of the research is to improve the
non-iterative all-acoustic method by raising the level of statistical safety and reliability of measurement results.

Merenje elektri¢nih velicina IMEKO TC 4)
Vladimir PoluZanski, Elektrotehnicki institut Nikola Tesla Beograd, e-mail: vladimir.poluzanski @ieent.org




JEJHA AHAJIN3A AYTOMATCKOTI ITIPEI'JIEJA MEPHE OIPEME IPUMEHOM
CUCTEMA BEKMYHUX CEH30PCKUM MPEXA

Munom JoBaHoBuh, Jlparan Jlazuh
Kibydne peun: MeTposioruja, eTaloOHUPamke, ayTOMaTH3alHja, OeKUIHE CEH30PCKE MPEKEeH

KPATAK CA/JIPXKAJ

[Ipernen mMepHe onpeMe y METPOJIOTHjU 3aXTeBa HU3 YHApIe ] Ae(UHUCAHUX KOpaKa Yy [HJby MPHUKYIUbamba
uHpOpMaIja O CTamby ONpeMe, U3paau 3allCHUKA MPOopauyHy MEpHE HECUTYPHOCTH M W3JaBamy MOTBPJE.
CBaku 0/1 HaBEACHUX KOpakKa MoJApa3syMeBa NPHUKYIbakhe M aHANIW3y MOoJaTaka O MEPHO] ONpPEeMH, Mperiiel
olpeMe y pealHHUM YyCJIOBHMa M NPUKYIUbAak€ MEPHHUX pe3yiraTra, oOpaly oOpaly M aHaIu3y pesyirara y
OJIHOCY Ha TMojaTke NoOujeHe o mpou3Buhaua ompeme, M3paay U3BEINTaja O Mperiieny U NpopavyyH MepHe
HECUTYPHOCTH. IIPUMEHA CaBPEMEHUX CUCTEMa CEH30PCKUX M OSKUYHUX CEH30PCKHUX Mpexa omoryhasa namu
MIPUCTYN MOAAMMa OJ 3Ha4yaja TOKOM Mperjie/a, oJIakiiaH MpopauyH MEpHE HECUTYPHOCTH OWJIO Ja je MepHa
onmpeMa y MEpHOM JIaHIly WM He3aBUCHO moBe3aHa. [Ipumenom RFID, WLAN u LoRa caBpemenux
TEXHOJIOTHja CBH €JIEMEHTH TOKOM IIpETJie/ia MOTYy OMOTYNHTH jeTHOCTaBHH]Y MpoIeAypy Iperiena.y pamy je
MIPUKa3aH jeJaH IPUCTYI Mperiieia MEpHE OllpeMe Y CHCTEMY OSKHYHUX CEH30PCKUX Mpe3a

ONE POSSIBLE ANALYSIS OF AUTOMATIC INSPECTION OF
MEASURING EQUIPMENT USING WIRELESS SENSOR NETWORK
SYSTEMS

Keywords: metrology, calibration, automation. wierless sensor networks

ABSTRACT

Measuring equipment inspection in metrology requires a number of predefined steps in order to collect
information on the condition of the equipment as vell as make a report on the calculation of measurement
uncertainty and issue a certificate. Each of these steps includes the collection and analysis of measuring data,
inspection of equipment in real conditions and collection of measurement results, processing and analysis of
results in relation to data obtained from equipment manufacturers, preparation of inspection reports and
calculation of measurement uncertainty. The application of modern systems of sensor and wireless sensor
networks enables easier access to data of importance during the inspection, facilitated calculation of
measurement uncertainty whether the measuring equipment is in the measuring chain or independently
connected. By applying RFID, Van LAN and Lora modern technologies, all elements during the inspection can
enable a simpler inspection procedure. The paper presents one approach to the inspection of measuring
equipment in the system of wireless sensor networks.

Merenje elektri¢nih velicina IMEKO TC 4), Digitalizacija IMEKO TC 6)
Milos Jovanovi¢ - Tehnicki opitni centar - Vojska Srbije, e-mail: mjovanovic@raf.rs




OJAPEBUBAILE MEPHE HECUI'YPHOCTHU PE3YJITATA MEPEIbA ITIPOCTOPHOI'
PACTOJAIBA ITPUMEHOM I'JIOBAJIHUX HABUT'ALTMOHUX CATEJIUTCKUX CUCTEMA

Omner Opanosuh, /lyman [lerkosuh, Cama ['pexynoBuh, Musbana Togoposuh-/lpakyn
Kibyune peun: THCC, npocTtopHo pacTojame, TepeHCKa 6a3a, MepHa HECUTYPHOCT
KPATAK CAJZIPXXAJ

[Tocroje yeTnpu y TOTIIYHOCTH YCIIOCTaBJbeHa [J100anHa HaBUTralpioHa CaTENUTCKA CHCTEMa
(THCC): amepuuku GPS NAVSTAR, pycku GLONASS, kunecku BEIDOU (COMPASS) u eBporicku
GALILEO. ThuxoBOoM MPHUMEHOM YCIICIIHO CE€ YCIOCTaBJba)y TEPECTPUUKHA pPEPEpEeHTHU CUCTEMHU
IIMPOM TIaHETe. Y OBOM pajy MPHUKa3aH je MOCTYIaK YCIOCTaBJbamka TEPEHCKE 0a3e 3a eTAIOHNPAhEe
Mepwina ayxuHe npuMeHoM texaonoruje [HCC-a. Ha penatuBHO KpaTkoM pacTojamy AeduHHCcaHe
CY Kpajie Tauke TepeHcke 0ase umje cy koopanHate oapehene Ha ocHoBy HCC onaxama. Onpehena
je MepHa HeCUrypHOCT neduHucane Oa3ze W W3BpIIEHO je mopeheme MoOMjeHHMX pesynrara ca
BPEIHOCTUMA JOOHjEHUM KJIACHYHUM T'€0/IETCKUM METOJaMa.

DETERMINATION OF SPATIAL DISTANCE MEASUREMENT UNCERTAINTY USING
GLOBAL NAVIGATION SATELLITE SYSTEMS

Keywords: GNSS, spatial distance, field base, measurement uncertainty
ABSTRACT

There are four fully operational Global Navigation Satellite Systems (GNSS): United States GPS
NAVSTAR, Russian GLONASS, Chine’s BEIDOU (COMPASS), and European GALILEQ. With their
application, reference systems around the planet were established. This paper presents a procedure for
establishing a field base for calibrating length measurement equipment using GNSS. A field base is
defined as a short distance determined by its endpoints using GNSS technology. The measurement
uncertainty was calculated for the defined base, and the results were compared with the values obtained
using traditional geodetic methods.

Dimenzione veli¢ina (IMEKO TC 14)
Oleg Odalovi¢, Gradevinski fakultet Beograd, e-mail: odalovic@ grf.bg.ac.rs
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MEDULABORATORIJSKO POREDPENJE 1Z OBLASTI DIMENZIONIH VELICINA
NA PRIMERU GNSS TEHNOLOGIJE

Jelena Gucevié, SiniSa Deléev, Olivera Vasovi¢ SimSic¢

Kljucne reci: GNSS, medulaboratorijsko poredenje, ISO, standard

KRATAK SADRZAJ

Prema zahtevima standarda SRPS/ISO 17025:2017 i pravilima Akreditacionog tela Srbije
laboratorije su u OBAVEZI da ucestvuju u PT Semama. Ukoliko nema PT Sema za odredenu oblast
onda je obavezno uces$¢e u medulaboratorijskim poredenjima. U ovom radu je prikazano PRVO
medulaboratorijsko poredenje iz oblasti primene GNSS tehnologije, organizovano izmedu
akreditovanih laboratorija u Republici Srbiji. Prikazan je model, izbor i realizacija veli¢ine koja se
poredi, kao i rezultati poredenja.

INTERLABORATORY COMPARISON IN THE FIELD OF GEOMETRICAL
QUANTITIES
ON THE EXAMPLE OF GNSS TECHNOLOGY

Keywords: GNSS, interlaboratory comparison, ISO, standard

ABSTRACT

According to the requirements of the standard SRPS/ISO 17025:2017 and the rules of the
Accreditation Body of Serbia, laboratories are OBLIGED to participate in PT schemes. If there is no
PT scheme for a certain area, then participation in interlaboratory comparisons is mandatory. This
paper presents the FIRST interlaboratory comparison in the field of GNSS technology application,
organized between accredited laboratories in the Republic of Serbia. The model, selection and
realization of the quantities to be compared, as well as the results of the comparison are presented.

Dimenzione veli¢ina (IMEKO TC 14)
Jelena Gucevi¢, Gradevinski fakultet Subotica, e-mail: jelenagucevic@ gmail.com
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E®EKTU INIMME OKEAHA HA MEPHY HECUT'YPHOCT KOOPAUHATA
OJAPEBEHUX IIPUMEHOM TEXHOJIOTUJE I''IOBAJIHUX HABUT'ALITMOHUX
CATEJIMTCKUX CUCTEMA

Oner Opnanosuh, Mubana Tomoposuh-Jlpakyn, Cama I'pexynosuh, dyman Iletkosuh
Kspyune peun: THCC, mepHa HECUTYpHOCT, IJIMMa, OKE€aH, KOOPIAUHATE
KPATAK CAJIPXXAJ

OnpehuBame koopanHate npuMeHoM [ obamanx HaBuranuoHux carenurckux cucrema (FHCC)
onrepeheHo je BenmukuM OpojeM M3BOpa HECUTypHOCTH. Tpomocdepa, joHocdepa u BHIIECTpyKa
peduiekcuja curHana cy W3BOpU HECUTYPHOCTH KOjU ce Hajuenthe Momenupajy y mocTynky obpane
I'HCC curnana. HecurypHocTt koopamHaTa ycien ytumaja Tporochepe usHocu ox 1 - 3 m, ycmen
yrunaja joHocdepe 3 - 15 m, 0K HECUTYPHOCT yCIIe BUIIECTPYKe pedIiekcrje Curuana n3HOCH OKO
5 cm Ko BHCOKO Tpenn3HuX oapehuBama. [lopen HaBeieHNX, TOCTOj€ U H3BOPU HECUTYPHOCTH KOjH
ce Hajuemhe 3aHeMapyjy. JemaH ol BUX je yTUIA] TUIMME OKeaHa KOjH MOKE M3a3BaTH MPOMEHY
KOOpAWHATa Ha (PU3MYKO] MOBpIIH 3eMJbe 07 1 cm 1O MOI0XKajy u 9aK 10 5 ¢m 10 BUCHHHU. Y OBOM
pany mpuKas3aHo je oapehuBame KOOpAWHATA U BUXOBE MEpHE HECHTYPHOCTH y3HMAmEeM y 003Hp
CBHUX HaBEIICHUX M3BOPA HECHUTYPHOCTH, ca U 0e3 yTHIlaja IuiMMa OKeaHa.

EFFECTS OF OCEAN TIDES ON MEASUREMENT UNCERTAINTY OF
COORDINATES DETERMINED USING GLOBAL NAVIGATION SATELLITE
SYSTEMS TECHNOLOGY

Keywords: GNSS, measurement uncertainty, tide, ocean, coordinates

ABSTRACT

Coordinate determination using Global Navigation Satellite Systems (GNSS) is burdened by a large number
of sources of uncertainty. Troposphere, ionosphere and multiple signal reflection are sources of uncertainty that
are most often modeled in the GNSS signal processing procedure. The uncertainty of the coordinates due to the
influence of the troposphere amounts to 1 - 3 m, due to the influence of the ionosphere 3 - 15 m, while the
uncertainty due to the multiple reflection of the signal amounts to about 5 cm for highly precise determinations.
In addition to the above, there are also sources of uncertainty that are often overlooked. One of them is the
influence of ocean tides, which can cause a change in coordinates on the physical surface of the Earth of 1 cm
in position and up to 5 cm in height. This paper presents the determination of coordinates and their measurement
uncertainty by taking into account all the sources of uncertainty, with and without the influence of ocean tides.

Dimenzione veli¢ina (IMEKO TC 14)
Oleg Odalovi¢, Gradevinski fakultet Beograd, e-mail: odalovic@ grf.bg.ac.rs
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ETALONIRANJE RAVNOSTI KONTROLNIH I MERNIH PLOCA
U AKREDITOVANOJ LABORATORIJI MAGAT TECH

Maja Aleksi¢, Milos Bjeli¢
Kljucne reci: etaloniranje, ravnost, kontrolne i merne ploce
KRATAK SADRZAJ

Ovaj rad opisuje uporedni pregled razli¢itih metoda etaloniranja ravnosti kontrolnih i mernih ploca
u akreditivanoj Laboratoriji za etaloniranje, MAGAT Tech. Paralelni prikaz metoda, zajedno sa
osvrtom na prednosti i mane istih i njihove proracune mernih nesigurnosti bi¢e detaljno prikazani u
radu. Zakljucak rada odnosi se na stav autora za primenu najpogodnije metode etaloniranja u industriji,
uzimajuéi u obzir mernu nesigurnost etaloniranja i davanje izjave o usaglaSenosti, u skladu sa
zahtevima klijenata iz industrije.

FLATNESS CALIBRATION OF SURFACE PLATES
IN THE MAGAT TECH ACCREDITED LABORATORY

Keywords: calibration, flatness, surface plates
ABSTRACT

This paper describes a comparative overview of different methods of flatness calibration of surface
plates in the accredited Calibration laboratory, MAGAT Tech. A parallel presentation of the methods,
together with a review of their advantages and disadvantages and their calculation of measurement
uncertainty, will be presented in detail in the paper. The conclusion of the paper refers to the author’s
position for the application of the most suitable method of calibration in the industry, taking into
account the measurement uncertainty of calibration and providing the statement of conformity, in
accordance with the requirements of industry clients.

Dimenzione veli¢ina (IMEKO TC 14)
Maja Aleksi¢, MAGAT Tech, e-mail: maja.aleksic@mgt.rs
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INOVACIONI SISTEM ZA DIREKTNO BEZKONTAKTNO MERENJE POMERANJA
LASERSKIM SENZORIMA ZA PRIMENE U GRADEVINARSTVU

Zoran Miskovi¢, Sinisa Savatovi¢, Ljiljana Miskovi¢
Kljucne reci: merenje pomeranja, laserski senzori, gradevinarstvo
KRATAK SADRZA]J

Prilikom ispitivanja konstrukcija i elemenata uobicajeno je merenje pomeranja tokom ispitivanja probnim
opterecenjem ili tokom eksploatacije. Ovakva merenja sprovode se na viSe nacina: primenom geodetskih
metoda (precizni nivelman, tahimetrijska merenja, GPS merenja), primenom mehaickih mernih komparatera
(ugibomera), elektronskih meraca pomeranja (elektronskih ugibomera), pri ¢emu su isti adekvatni za tzv.
Staticka merenja, ali uglavnom ne, i za dinamica merenja. Za dinamicka merenja su mnogo primerenije metode
koje baziraju na bezkontaktnom merenju pomeranja. U ¢lanku je prikazana inovaciona metoda bezkontaktnog
merenja pomeranja preciznim laserskim senzorima za primenu tokom ispitivanja gradevinskih konstrukcija i
elemenata u laboratorijskim i terenskim uslovima.

INNOVATIVE SYSTEM FOR DIRECT NON-CONTACT MEASUREMENT OF
MOVEMENT USING LASER SENSORS FOR APPLICATIONS IN CONSTRUCTION

Keywords: structural testing, displacement measurement, laser sensors
ABSTRACT

During load testing or exploitation of civil structures and elements, it is usual to measure the displacements
of characteristic points. Such measurements are carried out in several ways: using geodetic methods (precise
leveling, tachymetric measurements, GPS measurements), using mechanical comparators (dial gauges),
electronic displacement meters (so called LVDTs), where they are adequate for the so-called static
measurements, but mostly not for dynamic measurements. For dynamic measurements methods based on non-
contact displacement measurement are much more suitable. The article presents an innovative method of non-
contact displacement measurement using precise laser sensors with application during testing civil structures
and elements in laboratory and field conditions.

Dimenzione veli¢ina (IMEKO TC 14)
Zoran Miskovi¢, Gradevinski fakultet Beograd, e-mail: mzoran @imk.grf.bg.ac.rs
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_ HELMERTOVA TRANSFORMACIJA KOD
METROLOSKE KONTROLE TERESTRICKIH LASERSKIH SKENERA

Ankica Milinkovic, Sanja Tucikesi¢, Dejan Lalovi¢
Kljucne reci: etaloniranje, terestricki laserski skener, helmetrova transformacija, merna nesigurnost
KRATAK SADRZAJ

Metroloska kontrola merne opreme ima nezamenjiv uticaj u postizanju visokog stepena kvaliteta kod
uspostavljanja i primene mernih procesa. Terestricki laserski skeneri danas predstavljaju gotovo svakodnevnu
tehniku brzog, tacnog, sofisticiranog i prakticnog mernog reSenja. Glavni zadatak skenera je da se na osnovu
premerenih uglova i duzina, Saljuéi povratni laserski zrak, generiSu koordinate kojima se opisuju fizicki objekti,
prevodeci ih u digitalno okruZenje preko takozvanog oblaka tacaka. Da bi se postigao visok stepen poverenja u
krajni rezultat koji proistice iz skeniranja, sama merna oprema mora biti ocenjena kroz metrolosku kontrolu.
Ovaj rad ima za cilj da prikaZe kako Helmertov transformacijski problem moZe da posluzi kao matematicki
postupak za potrebe etaloniranja terestrickog laserskog skenera, uklapajuci koordinate tacaka skenera u okvir
taCnijeg mernog instrumenta, sa ocenjenim mernim nesigurnostima.

HELMERT'S TRANSFORMATION FOR
METROLOGICAL CONTROLS OF TERRESTRIAL LASER SCANNERS

Keywords: calibration, terrestrial laser scanner, helmeter transformation, measurement uncertainty
ABSTRACT

Metrological control of measuring equipment has an irreplaceable influence to achieving a high level of
quality in the establishment and application of measuring processes. Terrestrial laser scanners today represent
an almost everyday technique of a fast, accurate, sophisticated and practical measurement solution. Based on
measured angles and lengths, the scanner's main task is to generate coordinates that describe physical objects
by sending a return laser beam to a digital environment via the so-called point cloud. The measuring equipment
must be evaluated through metrological control to achieve a high degree of confidence in the final result
resulting from scanning. This paper aims to show how Helmert's transformation problem can serve as a
mathematical procedure for the calibration needs of a terrestrial laser scanner, fitting the coordinates of the
scanner points into the frame of a more accurate measuring instrument with estimated measurement
uncertainties.

Dimenzione veli¢ina (IMEKO TC 14)
Sanja Tucikesi¢, Arhitektonsko-gradevinsko-geodeski fakultet, Banja Luka, e-mail:
sanja.tucikesic @aggf.unibl.org
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SENZORI NA BAZI OPTICKIH VLAKANA I NJIHOVE PRIMENE U
GRADEVINARSTVU

Ljiljana Brajovié¢
Kljucne reci : opticka vlakna, fiberopticki senzori, konstrukcijski monitoring , distributivni senzori
KRATAK SADRZA]J

Primene fiberoptickih senzora (FOS) u oblasti gradevinarsta se viSe od dvadeset godina intenzivno
proucavaju za potrebe pracenja stanja mostova, hidrotehnickih brana, tunela, zgrada, kao i putne i Zeleznicke
infrastructure. Posebno pogodni tipovi FOS za ove namene su su senzori sa ugradenim Bragovim reSetkama i
distributivni FOS, a koji su dostupni sada i u obliku razli¢itih komercijalizovanih senzorskih sistema. U ovom
radu su objaSnjeni principi rada, trenutno dostignut nivo razvoja i merne karakteristika razlicitih tipova FOS i
prikazani su primeri njihove primene razli¢itim oblastima gradjevinarstva. Diskutovane su njihove prednosti i
ogranic¢enja za primene u gradevinarstvu kao i moguénosti daljih poboljSanja.

FIBEROPTIC SENSORS AND THEIR APPLICATION IN CIVIL ENGINEERING
Key words: optical fibers, fiberoptic sensors, structural health monitoring, distributive sensors
ABSTRACT

Applications of fiber optic sensors (FOS) in the field of civil engineering is intensively studied for structural
health monitoring of bridges, hydrotechnical dams, tunnels, buildings, piles, as well as road and railway
infrastructure. Particularly suitable types of FOS for these purposes are Bragg gratings sensors and distributed
FOS, which are alrady available as a part of commercialized sensor systems. This paper explains the principles
of operation, the current level of development and measurement characteristics of different types of FOS and
presents the examples of their application in various fields of civil engineering. The advantages and limitations
of FOS for civil engineering applications are discussed, as well as the possibilities of further improvements.

Merenje elektri¢nih velicina IMEKO TC 4)
Ljiljana Brajovi¢, Gradevinski fakultet Beograd, e-mail: brajovic@grf.bg.ac.rs
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USPOSTAVLJANJE SLEDIVOSTI RF SNAGE
U FREKVENCIJSKOM OPSEGU ISPOD 10 MHZ

Neda Spasojevié, Ivica Milanovi¢, Predrag Rakonjac, Zoran Mitrovié¢
Kljucne reci: senzor snage, termopretvarac, merna nesigurnost, etaloniranje, faktor etaloniranja
KRATAK SADRZA]J

Frekvencijski opseg ispod 10 MHz predstavlja kriti¢no podrucje koje veliki broj RF etalona ne pokriva. Kao
rezultat povecane potrebe za etaloniranjem senzora RF snage, €iji frekvencijski opseg pocinje od DC, Tehnicki
opitni centar je realizovao metodu kojom je omoguceno njihovo etaloniranje na frekvencijama ispod 10 MHz,
primenom termopretvaraca kao etalona AC (RF) napona. Ovom metodom je prevaziden problem dostupnosti
etalona RF snage i proSirene su merne mogucnosti laboratorije za mikrotalasnu tehniku Tehnickog opitnog
centra u pogledu RF snage do DC.

ESTABLISHING THE TRACEABILITY OF THE RF POWER BELOW 10 MHZ
Keywords: power sensor, thermal converter, measurement uncertainty, calibration, calibration factor
ABSTRACT

A frequency band below 10 MHz is a critical area that a large number of RF standards do not cover. As a
result of the increased need for the RF power sensors calibration, whose frequency range start from DC, the
Technical Test Center has realized a method which enables the power sensors calibration at frequencies below
10 MHz, using a thermal voltage converter as an AC (RF) voltage standard. The problem of RF power standard
availability has been overcome by this method, and the measuring capabilities of the laboratory for microwave
technics of the Technical Test Center in terms of RF power have been expanded to DC.

Merenje elektri¢nih velicina IMEKO TC 4)
Neda Spasojevi¢, Tehnicki opitni centar - Vojska Srbije, e-mail: nedamilivojcevic @yahoo.com
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MEDULABORATORIJSKO POREDENJE U OBLASTI ISPITIVANJA
FREKVENTNIH ODZIVA NAMOTAJA TRANSFORMATORA

Jelena Lazi¢, Branko Pejovi¢, Nevena MaleSevic¢

Kljucne reci: energetski transformator, medulaboratorijko poredenje, metoda SFRA,
merna nesigurnost

KRATAK SADRZAJ

Ispitivanje frekventnih odziva namotaja transformatora (metoda SFRA) spada u dijagnosticka ispitivanja
visokonaponske opreme u cilju pra¢enja njihovog stanja u eksploataciji. Akreditovana medulaboratorijska
poredenja u ovoj oblasti prakti¢no ne postoje, a jedan od uslova za akreditaciju ispitnih metoda je upravo ucesce
u PT/ILC aktivnostima. Akreditovana Laboratorija za ispitivanje i etaloniranje Elektrotehnickog instituta Nikola
Tesla, Beograd ima dugogodisnju tradiciju u oblasti ispitivanja visokonaponske opreme. Metoda SFRA je jedna
od metoda za koju se planira akreditacija. Kako u Srbiji postoje laboratorije koje su takode zainetesovane za
akreditaciju ove metode, dogovorom je ustanovljen Protokol prema kome je medulaboratorijsko poredenje iz
ove oblasti i sprovedeno. U radu su prikazani rezultati ovog medulaboratorijskog poredenja.

INTERLABORATORY COMPARISON IN THE FIELD OF SWEEP
FREQUENCY RESPONSE ANALYSIS

Keywords: power transformers, interlaboratory comparison, SFRA method, uncertainty of measurement
ABSTRACT

Sweep frequency response analysis (SFRA) method is one of the diagnostic tests methods of high-voltage
equipment in order to monitor their condition in operation. One of the preconditions for accreditation of test
methods is participation in PT / ILC activities. There are practically no accredited PT providers for this field
of testing. Accredited Laboratory for Testing and Calibration of the Electrical Engineering Institute Nikola
Tesla, Belgrade, has a long tradition in the field of testing high voltage equipment. The SFRA method is one
of the methods for which accreditation is planning. There are laboratories in Serbia that are also interested in
the accreditation of this method. Therefore the Protocol of the interlaboratory comparison between them was
agreed and the comparison is performed. This paper presents the results of this interlaboratory comparison.

Merenje elektri¢nih velicina IMEKO TC 4)
Jelena Lazi¢, Elektrotehnicki institut Nikola Tesla Beograd, e-mail: jelena.lazic @ieent.org
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ETALONIRANJE MERILA DC MAGNETSKOG POLJA

Dragana Naumovi¢-Vukovi¢, Slobodan Skundrié
Kljucne reci: merila magnetskog polja, Hemholcov kalem, etaloniranje, merna nesigurnost

KRATAK SADRZA]J

Merila jacine magnetskog polja i gustine magnetskog fliksa (magnetske indukcije) imaju vrlo Siroku oblast
primene u industriji, rudarstvu, elektroenergtici, masinstvu, medecini, ekologiji pa ¢ak i u arheologiji. Kao i sva
druga merila i ova merila podleZu periodi¢nom etaloniranju radi potvrde njihovih metroloskih karakteristika. U
ovom radu prfikzan je deo problematike etaloniranja merila magnetskog polja, sa osvrtom na mernu metodu i
koriS¢enu referentnu mernu opremu. Takode, prikazan je postupak etaloniranja merila magnetskog polja za
funkciju merenja DC magnetske indukcije u skladu sa standardom SRPS EN 61786-1. Razmatrane su takode i
uticajne veliCine koje ulaze u proracun merne nesigurnosti etaloniranja za ovu vrstu merila.

CALIBRATION OF DC MAGNETIC FIELD METERS
Keywords: magnetic field meter, Helmholtz coil, calibration, uncertainty of measurement
ABSTRACT

Magnetic field meters are used for measurement of AC/DC magnetic flux density and magnetic field strength
in industry, mining, residence, power utility objects, mechanical engineering, medicine, ecology even in
archeology. In order to confirm their metrological properties, magnetic field meters are subject to periodic
calibration, like all others measuring devices. The paper presents standard calibration methods for DC magnetic
field meters in accordance with the requirements of the standard SRPS EN 61786-1 and measuring equipment
that is used for that purpose. Also, the consideration of influencing quantities on the measurement uncertainty
of the presented calibration methods is given.

Merenje elektri¢nih veli¢ina (IMEKO TC 4)
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OJAPEBUBAIBE TAYMHOCTU OCTBAPUBAIBHA CIIPEILE IBA
XUIPAYJINYHA CEPBOMOTOPA

Hane [Jemmuecku, Jenena [MaBnosuh
KibyuHe peun: MepHa HECUTYPHOCT, HEEICKTPUYHA BEJIMUNHA, MTOJI0KA]
KPATAK CAJIPXKAJ

VY pamy je mpHKasaH IMOCTYIAK IIPOIEHE MEpHE HECHTYPHOCTH ENEKTPHYHOT Mepema IBe MelycoOHO
CIIpETHYTE HeeJeKTpH4He BenuuuHe. lIpolieHa HaBeneHe MepHE HECHTYPHOCTH H3BpIICHa je 3a moTrpede
MIOCTYTIKA HCIIUTHBAMKka KOJUM ce ofpel)yje TaqHOCT ocTBapHBamka CIIpere IoI0XkKaja KIIMITOoBa 1Ba XUAPAYIHIHA
cepBoMoOTOpa. JIBa XuapayiudHa cepBOMOTOpa Cy W3BPIIHH OpraHM CUCTeMa 3a TYpOWHCKY perynamujy
MIPOU3BOJHHX XHapoarperarta ca KammanoBom TypouHom. Kao geo moctymka nporeHe onicaHo je pasMarpame
W KBaHTHU(HKAIHja yTUIIaja KOPUITNEHNX MEPHUX WHCTPyMEHATa, TAYHOCTH MO3HIIMOHUPAha CEPBOMOTOPA U
TAaYHOCTH Meperha I0JI0XKaja KITUIIOBa CEPBOMOTOPA, Ha MEPHY HECHTYPHOCT.

ACCURACY DETERMINATION OF THE TWO
HYDRAULIC SERVOMOTORS COUPLING

Keywords: measurement uncertainty, non-electric quantity, position
ABSTRACT

The measurement uncertainty estimation of electrical measurements of two coupled non - electric quantities
is presented in the paper. The estimation of the stated measurement uncertainty was performed for the needs of
the test procedure, in which the coupling accuracy of the two hydraulic servomotor pistons are measured. Those
two hydraulic servomotors are the turbine governing system actuators of hydro-power units with Kaplan turbine.
The consideration and quantification of the influence of the used measuring instruments, the servomotor
positioning accuracy and the accuracy of servomotors pistons measurement on the measurement uncertainty are
described, as part of the estimation procedure.

Merenje elektri¢nih velicina IMEKO TC 4)
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AUTOMATIZOVANI SISTEM ZA KARAKTERIZACIJU PT 100 OTPORNIH SONDI

Porde Novakovié, Ivan Zupunski, Zdravko Gotovac, Sanja Mandi¢, Dragan Peji¢,
Platon Sovilj, Nemanja Gazivoda

Kljucne reci: karakterizacija Pt 100 otpornih sondi, automatizacija, merna nesigurnost,
Python

KRATAK SADRZAJ

U radu je opisan automatizovani sistem za karakterizaciju Pt 100 otpornih sondi, realizovan u akreditovanoj metroloskoj
laboratoriji Fakulteta tehnickih nauka Univerziteta u Novom Sadu. Karakterizacija je unapredenje procesa etaloniranja
namenjen temperaturnim sondama od platine vise klase. Primenjene su metode karakterizacije uz upotrebu Callendar-Van
Dusen interpolacione polinomijalne funkcije i interpolacione polinomijalne funkcije petog stepena. Motivacija za istraZivanje
i realizaciju automatizovanog sistema opisanog u radu ogleda se u potrebi za prenosom merne nesigurnosti referentne
etalonske Pt 100 sonde (SPRT-Standard Platinum Resistance Thermometer) na radnu etalonsku Pt 100 sondu (PRT- Platinum
Resistance Thermometer). Softver za automatizaciju i karakterizaciju je realizovan u Python programskom jeziku.
Sprovedeno je vrednovanje merne nesigurnosti interpolacije uz primenu dobijenih koeficijenata interpolacione polinomijalne
funkcije.

AUTOMATED SYSTEM FOR CHARACTERISATION OF PT 100 RESISTANCE PROBES
Keywords: Pt 100 Resistance Probe Characterisation, Automatisation, Measurement Uncertainty, Python
ABSTRACT

The paper describes an automated system for characterisation of Pt 100 resistant probes, realized in the accredited
metrological laboratory of the Faculty of Technical Sciences, University of Novi Sad. Characterisation is an improved subset
of the calibration process intended for higher class of temperature probes made out of platinum. Characterisation methods
were applied using the Callendar-Van Dusen interpolation polynomial function and the fifth-degree interpolation polynomial
function. The motivation for research and realization of the automated system described in the paper is reflected in the need
to transfer the measurement uncertainty of the reference standard Pt 100 probe (SPRT-Standard Platinum Resistance
Thermometer) to the working standard Pt 100 probe (PRT-Platinum Resistance Thermometer). The automation and
characterisation software are implemented using the Python programming language. The evaluation of the measurement
uncertainty of the interpolation was performed with the application of the obtained coefficients of the interpolation polynomial
function.

Temperatura i srodne veli¢ine (IMEKO TC 12)
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JEJAH IPUCTYII MEPEBY PEJIATUBHE BJAKHOCTHU BA3AYXA IPUMEHOM
HCUXPOMETPUJCKE METOIE

Anexcannap Puctuh, Munom Joanosuh, [[paran Jlazuh

Kipydne peun: MeTpoJIoTHja, BIaXKHOCT Ba3IyXa, ICHXPOMETPHjCKa MeTo1a, HeonpeheHoct

KPATAK CAJZIPXKA]J

Mepeme penaTHBHE BIQKHOCTH Ba3lyXa Y METPOJIOTHjH je mmocebaH mpobieM 300T Benukor Opoja
mapaMeTapa Koju yTHdy Ha pe3ynTar Mepema. [IcuxpoMeTpujcka MeTo/1a je jeHa o] Haj3acTyIUbEHHj X METo/1a
y onpehuBamy penaTHBHE BIKHOCTH Bazayxa y cBery. OBOM METOIOM ce, MOCPEIHO, MEepermheM BHILE
napamerapa, u3padyHaBa peJaTUBHA BIAXHOCT Ba3ayxa. 300T CBOje CreqU(PUIHOCTH, TAUHOCT OBE METOJIE Y
MHOTOME 3aBHCH OJ HAaUMHA MEperba, aHaATIM3e pe3yiTaTta Kao M Of YKYIHHX YCIOBa TOKOM Mepema. TadHoct
oBe MeTozie oMoryhyje ma ce OBakBH MHCTPYMEHTH MOTY KOPHCTHTH Kao €TAJIOHH 3a Oakaaperme APYTUX
WHCTpYMEHaTa. AHaIW3UpaHa jé HECHTYPHOCT Mepema pellaTHBHE BIAXKHOCTH OBOM METOAOM. Y paay je
MpeACTaBbeH jeAaH MOTyhu mpHcTyn y muiby IITO TauHHUjer oApehuBama pelaTHBHE BIAXXHOCTH Bas3lyXa
TOKOM Mepema.

ONE APPROACH TO MEASURE AIR RELATIVE HUMIDITY
USING THE PSYCHROMETRIC METHOD

Keywords: metrology, air humidity, psychrometric method, uncertainty

ABSTRACT

Relative air humidity measurement in metrology is a special task due to the large number of parameters that
affect the measurement result. The psychrometric method is one of the most common methods in determining
the air relative humidity in the world. This method indirectly calculates the relative humidity by measuring
several parameters. Due to its specificity, the accuracy of this method largely depends on the method of
measurement, analysis of results, and the overall conditions during the measurement. The paper presents one
possible approach to more accurately determine the relative humidity during the measurement.
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YTULAJ TEMIIEPATYPHE HEYHU®OPMHOCTHU HA KOMIIOHEHTE MEPHE
HECUT'YPHOCTHU CIIEHUO®UYHE TOIVIOTE U CHEHU®UYHE EJJEKTPUYHE
OTHOPHOCTHU KOJA CTPYJHO-UMIIYJICHE METOJE

WBana Hukonuh, Henag Muinomiesuh

Kibyune peun : KOHIyKIIHja, 3paderhe, BUCOKE TeMIIepaType, UMITYJICHA KaJIOPUMETpH]ja, TepMOpHU3UIKE
0co0mHe, CUMYJIaIlije, MepHa HECUTYPHOCT

KPATAK CA/JIPXKAJ

Y 0BOM pamy NpencTaBJbEH je YTHIA] TeMIlepaTypHe HEeyHH(OPMHOCTH KoOja ce jaBJba Ha HCIIUTHBAHOM
Y30pKYy NPUIMKOM ofpeluBama crenupuyHe TOIUIOTe M crenru(uYHe eJIeKTpUYHEe OTHOPHOCTU CTPYjHO-
HMITYJICHOM METOJIOM. YCIell 3arpeBama y30pKa 10 BHCOKHX TEMIIEpaTypa NPOMYINTAHkEeM jaKOT CTPYjHOT
UMITyJIca U 3aTUM XJahema y30pKa MpeKko HEeroBHX XJaJHUX KpajeBa, J0oJa3H IO U3paxeHe HeyHH(OopMHe
pacmozene TeMIeparype MO IICHTPATHOM IIONPEYHOM TIpeceKy W OyX edeKTHBHe 30He y3opka. Opa
HEYHH(OPMHOCT YTHYE Ha TI0jaBy OAroBapajyhnx KOMIIOHEHTH MEpHE HECUTYPHOCTH KpajIbUuX pe3ynTara, Tj.
BPEIHOCTH CIleNu(HIHE TOIUIOTE W CHEHU(PHUIHE eNeKTpHIHE OTIOpPHOCTH. CHMYNalHjoM eKCIepHMEHTa
IpUMEHOM MeToie koHauHux enemeHara (FEM) komepuujanaum coptepom COMSOL, n3Bpiiena je aHanu3a
TeMIIepaTypHe pachojiesie 3a pa3IMuuTe AY)KWHE W MPEeYyHHKe y30pKa O Marepujana Bojidpama, Kao W 3a
pasnuuute Op3uHE rpejama y3opka. Pesyntatm aHanmuze ymyhyjy Ha HEONXOZHOCT ONTHMH3AIIH]E
eKCIIePUMEHTAJHUX I1apaMeTapa, Kao IITO Cy Op3uWHa TIpejama W/HiaM oJadup IMMEH3Wja Y30pKa, paau
MHHUMHA3aIMje KOMIIOHEHaTa MEpHE HECHUTYpPHOCTH Koje Cy WOciequna HeyHH(OpPMHE TeMIepaTypHe
pacmnozerne.

INFLUENCE OF A TEMPERATURE NONUNIFORMITY ON THE SPECIFIC HEAT AND
SPECIFIC ELECTRIC RESISTANCE MEASUREMENT UNCERTAINTY IN THE PULSE
CALORIMETRY

Keywords: heat conduction, heat radiation, high temperatures, pulse calorimetry, thermophysical properties,
simulation, measurement uncertainty

ABSTRACT

This work presents the influence of a temperature non-uniformity of the sample under test during the
measurement of the specific heat and specific electrical resistance by the pulse calorimetry. Due to the heating
of the sample to high temperatures by a high intensity current pulse and the subsequent cooling over the sample
cold ends, a nonuniform temperature distribution appears along the sample length and across the sample
diameter. This non-uniformity produces corresponding components of the measurement uncertainty of final
results, i.e., of the measured specific heat and specific electrical resistance values. By simulating the experiment
using the finite element method (FEM) with the COMSOL commercial software, the analysis of the temperature
distribution has been performed for different lengths and diameters of the sample of tungsten material, as well
as for different heating speeds. The results of the analysis suggest an optimization of experimental parameters,
such as that of the heating speed and/or the sample dimensions, in order to minimize the components of the
measurement uncertainty resulting from the non-uniform temperature distribution.
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DIREKCIJA ZA MERE I DRAGOCENE METALE U MEDUNARODNOM POREDENJU
ETALONIRANJA ETALONSKIH TERMOPAROVA

Slavica Simi¢, Vladan Stepanovi¢, Svetlana Stanisavljevié
Kljucne reci: moguénost merenja i etaloniranja, termopar, metod fiksnih tacake

KRATAK SADRZAJ

U radu je prikazana evaluacija rezultata etaloniranja termopara za metodu fiksnih tacka nacionalne
metroloske institucije u Republici Srbiji, Direkcije za mere i dragocene metale - DMDM na medunarodnom
poredenju. Organizacija poredenja, sama merenja i analiza rezultata uce$¢a 19 zemalja iz regiona Evrope i
Egipat dokumentovana su u finalnom izvestaju medunarodnog poredenja EURAMET.T-S3.

U DMDM svake godine etaloniraju se razni tipovi etalonskih termoparova (Au-Pt, S, R tip) skoro svih
akreditovanih laboratorija u oblasti termometrije i onih koji se koriste u pojedinim industrijama. Unapredenjem
merne moguénosti kao rezultat ovog poredena osnov je za unapredenje i mernih moguénosti ne samo u
akreditovanim laboratorijama, nego i u industriji.

DIRECTORATE OF MEASURES AND PRECIOUS METALS IN INTERCOMPARISON
OF STANDARD THERMOCOUPLE CALIBRATION

Keywords: calibration measurement capabilities, thermocouple, fixed point methods
ABSTRACT

This paper presents the evaluation of the results of thermocouple calibration for the fixed point method in
the national metrological institution in the Republic of Serbia — Directorate of measures and precious metals-
DMDM. The organization of the comparison, measuements and the analysis of results are documented in the
final report of the international comparison EURAMET.T-S3 between 19 countries in Europe region.

In DMDM verious types of standard thermocouples (Au-Pt, Pt-Pd, S and R type) of almost all accredited
laboratorories in the scope of field of thermomety and industry are calibrated every year. The improvement of
measurement capabilities in this part is the basis for the improvements of measurement capabilities not only in
accredited laboratories, but also measurement capabilities in industry level.

Temperatura i srodne veli¢ine (IMEKO TC 12)
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ETAJIOHUPAILE OKTABHUX U TEPHHUX ®UJITPA N3 OBJIACTHU EJIEKTPOAKYCTHUKE Y
TEXHUYKOM OIIUTHOM IHEHTPY

Hparan Jlasuh, Mupjana Mnagenosuh
Kibyune peun: eranoHupame, el1eKTpOoaKyCTHKA, OKTABHU U TEPITHU (QIITEPH
KPATAK CAZIPXKAJ

VY paay je mpukazaHa Meroja eTaloHupama okTaBHHX (1/1) m Tepunux ¢unrpa (1/3) uHTErpHcaHux y
(oHOMETpY MM Kao He3aBHCHa IearHa. MeTona ce nmpuMemyje y TeXHHYKO OIMUTHOM IICHTPY. MaTteMaTHIKu
MOZENT W IOCTYIIaK BpEeTHOBaka MEpPHE HECHTYPHOCTH JaT je Ha TpHMEpy eTaJoHHpama Quirepa
uHTErpucaHor y ponomerpy B&K 2250.

CALIBRATION OF OCTAVE AND THIRD OCTAVE BAND FILTERS IN THE FIELD OF
ACOUSTICS IN THE TECHNICAL TESTING CENTER

Keywords: calibration, electroacoustics, octave and third octave band filters
ABSTRACT

The paper presents a method of calibration octave (1/1) and third octave (1/3) band filters integrated in
phonometer or as independent unit. The method is applied in the Technical Testing Center. The mathematical
model and the procedure for evaluating the measurement uncertainty is given on the example of calibration of
the filter integrated in the B&K 2250 phonometer.

Temperatura i srodne veli¢ine (IMEKO TC 12), Merenje parametara okolina IMEKO TC 19)
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ETALONIRANJE BALOMETARA
Bojan Turundzilovi¢, Aleksandra Nenadi¢, Predrag Kolarz

Kljucne reci: protok vazduha, balometar, brzina strujanja vazduha, HVAC (Heating — Ventilation — Air
Conditioning), ventilacija

KRATAK SADRZAJ

U radu je dat opis merne opreme, procedure etaloniranja i procene merne nesigurnosti pri etaloniranju
balometara u aero-dinamickom tunelu Republi¢kog hidrometeoroloskog zavoda (RHMZ). Uputstvo za
etaloniranje balometara je zasnovano na ISO 3966:2020 i BSRIA BG 49/2015. Vrsi se metodom direktnog
poredjenja sa etalonom za merenje referentnog zapreminskog protoka. Za proces etaloniranja je radna sekcija
aero-dinamickog tunela prilagodena tako da sav vazduh koji prolazi kroz tunel bude usmeren kroz kanal koji
odgovara obliku i popre¢nom preseku balometra koji se etalonira. Na taj nacin se simulira protok vazduha kroz
HVAC sisteme. Prosirena merna nesigurnost etaloniranja balometara pri zapreminskom protoku od 1482 n’h”!
je iznosila 8,355 m’h”.

BALOMETER CALIBRATION
Key words: air flow, balometer, air velocity, HVAC (Heating — Ventilation — Air Conditioning),
ventilation
ABSTRACT

The paper describes measuring equipment, calibration procedures and estimation of measurement
uncertainty during calibration of balometers in the aerodynamic tunnel of the Republic Hydrometeorological
Service of Republic of Serbia (RHMSS). The balometer calibration guide is based on ISO 3966: 2020 and
BSRIA BG 49/2015. It is performed by the method of direct comparison with the standard for measuring the
reference volumetric flow. For the calibration process, the working part of the wind tunnel is adjusted so that
all the air passing through the tunnel is directed through a channel that corresponds to the shape and cross section
of calibrated balometer. In this way, the air flow through HVAC systems is simulated. The extended
measurement uncertainty of the balometer calibration at a volumetric flow rate of 1482 n’h”’ was 8.355 m’h™.

Temperatura i srodne veli¢ine (IMEKO TC 12), Merenje parametara okolina IMEKO TC 19)
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FILTRIRANJE U ELEKTROMIONEUROGRAFILJI (EMNG)
Jelena Rafailovi¢, Milan Sas
Kljucne reci: filtri, EMG, ENG, EMNG
KRATAK SADRZAJ

Tehnologija i medicina zajedno napreduju kako bi se sa sigurnoSc¢u, brze i jednostavnije dijagnostikovali
poremecaji. Danas su u periodu porasta autoimune bolesti koje se kasno otkrivaju, a onda teSko i lece.
Elektromioneurografija je jedna od metoda za otkrivanje ovakvih bolesti, ali da bi se nakon bilo koje akvizicione
tehnike dobile adekvatne informacije o realnom stanju pacijenta potrebno je ukloniti sve $to izobliava signal
od znacaja. Ovaj rad daje pregled filtara koji se mogu iskoristiti za dobijanje anvelope signala. Na samom
pocetku rada detaljno je objasnjena metoda EMNG snimanja, dok su u narednim poglavljima dati konkretni
primeri i istrazivanje pomenutih filtara.

FILTER PROPOSAL IN ELECTROMYONEUROGRAPHY (EMNG)

Keywords: filter, EMG, ENG, EMNG
ABSTRACT

Technology and medicine are advancing together to diagnose disorders with certainty, faster and easier.
Today, autoimmune diseases are on the rise, which are detected late, and then difficult to cure.
Electromyoneurography is one of the methods for detecting such diseases, but in order to obtain adequate
information about the real condition of the patient after any acquisition technique, it is necessary to remove
everything that distorts the signal of importance. This paper provides an overview of filters that can be used to
obtain signal envelopes. At the very beginning of the paper, the method of EMNG recording is explained in
detail, while in the following chapters, concrete examples and research of the mentioned filters are given.

Biologija i medicina IMEKO TC 13)
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MERENJE I MONITORING NIVOA GLUKOZE U KRVI NEINVAZIVNOM METODOM
Milica Vujovi¢, Marjan Urekar
Kljucne reci: Dijabetes, Glukoza, Fotopletizmografija, TCRT1000, Industrija 4.0

KRATAK SADRZAJ

U ovom radu je opisan sistem za monitoring nivoa Secera u krvi koji se meri neinvazivnom metodom. U
uvodnom delu predstavljen je ceo sistem u kratkim crtama. Zatim je objasnjen princip Fotopletizmografije na
kome se zasniva neinvazivna metoda i kako je nama taj princip od interesa. Data je hardverska realizacija
sistema koju Cini optokapler TCRT1000 koji se dalje vodi na filterska kola i mikrokontroler. Takode je
predloZena i softverka realizacija koja se zasniva na programiranju mikrokontrolera i aplikaciji u Pythonu.
Objasnjen je sam postupak odredivanja nivoa Secera u krvi. Kroz diskusiju su pribliZzene glavne prednosti ovog
sistema kao i uporedna analiza sa trenutnim komercijalnim reSenjima na trzistu. Predstavljeni su potencijalni
naredni koraci koji ¢e omoguciti da se sistem nadogradi i iskoristi u skladu sa Industrijom 4.0.

BLOOD GLUCOSE LEVEL MEASUREMENT AND MONITORING
BY NON-INVASIVE METHOD

Keywords: Diabetes, Glucose, Photoplethysmography, TCRT1000, Industry 4.0

ABSTRACT

This paper describes a method for monitoring the blood glucose level by a non-invasive method. The
introductory part presents the whole work in brief. Accordingly, the principle of Photoplethysmography is
explained, and a non-invasive method is based on, together with our interest in that principle. The hardware
realization of the system is given, consisting of the TCRT1000 optocoupler further guided to the filter circuit
and the microcontroller. Also, there is a suggested software implementation, based on programming
microcontrollers and applications in Python. The very procedure of determining blood glucose level is
explained. Discussion closely presents the main advantages of this system and a comparative analysis with
currently commercial solutions on the market. Potential next steps are introduced allowing the upgrade of the
system and utilization in accordance with Industry 4.0.

Biologija i medicina IMEKO TC 13)
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METROLOGIJA U OBLASTI MEDICINE
Zeljka Stjepanovi¢
Klju¢ne re¢i: Metrologija, zakonsko overavanje, kontrolno telo

KRATAK SADRZAJ

Metrologija ima klju¢nu ulogu u obezbedivanju dostupnosti tacnih merenja za procenu performansi novih
dijagnostickih metoda i terapija i za omogucavanje uslova za efikasnije leCenje pacijenata.

U skladu sa Zakonom o metrologiji (,,Sluzbeni glasnik RS*, br. 15/16) i Pravilnicima o overavanju mernih
uredaja (,,Sluzbeni glasnik RS*, br. 88/19, ,,Sluzbeni glasnik RS*, br. 92/20 i ,,Sluzbeni glasnik RS* 37/21 i
84/22), zakonsko overavanje medicinskih uredaja sa funkcijom merenja postalo je obavezno. Tim zakonom
obuhvacena su merila koja su sastavni deo medicinskih sredstava: merni uredaji kod mehanickih ventilatora
ili respiratora, merni uredaji kod anestezioloSkih sistema, merni uredaji kod elektrokardiografa, merni uredaji
kod defibrilatora, merni uredaji kod viSefunkcijskih uredaja za monitoring pacijenta, merni uredaji kod
infuzionih i perfuzionih pumpi, merni uredaji kod dijaliznih aparata, merni uredaji kod neonatalnih i
pedijatrijskih inkubatora i reanimacionih toplih stolova, merni uredaji kod ultrazvucnih fizioterapijskih
uredaja, merni uredaji kod visokofrekvencijskih hirurskih nozeva i visokofrekvencijskog hirurS§kog pribora i
manometri za merenje krvnog pritiska koji se koriste za zaStitu zdravlja u zdravstvenim ustanovama.
Ministarstvo privrede Republike Srbije je ovlastilo kontrolno telo INSLAB d.o.o. Beograd (OM 117) za
obavljanje poslova overavanja merila koja su sastavni deo medicinskih sredstava.

METROLOGY IN THE FIELD OF MEDICINE
Keywords: Metrology, legal verification, inspection body

ABSTRACT

Metrology in the field of medicine plays a key role in ensuring the availability of accurate measurements to
assess the performance of new diagnostic methods and therapies and to enable conditions for more effective
treatment of patients.

In accordance with the Law on Metrology (“Official Gazette of the RS” 15/16) and the Regulation on the
Verification of Measuring Devices (“Official Gazette of the RS” 88/19, “Official Gazette of the RS” 92/20 and
“Official Gazette of the RS* 37/21 and 84/22), legal verification of medical devices with a measurement
function has become mandatory. The law includes the measuring instruments that are integrated into medical
devices: measuring devices in mechanical ventilators or respirators, measuring devices in anesthesiology
systems, measuring devices in electrocardiographs, measuring devices in defibrillators, measuring devices in
multifunction devices for patient monitoring, measuring devices in infusion and perfusion pumps, measuring
devices in dialysis devices, measuring devices in neonatal and pediatric incubators and heated resuscitation
tables, measuring devices in ultrasonic physiotherapy devices, measuring devices in high-frequency surgical
knives and high-frequency surgical accessories, and blood pressure gauges used to protect health in health care
facilities. The paper will present the experiences of accredited control body INSLAB d.o.o. Beograd (OM 117)
for performing verification of measuring instruments integrated into medical devices.

Biologija i medicina IMEKO TC 13)
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METODE DISEMINACILJE JEDINICE MASE

Dragan Panti¢, Predrag Puri¢, Boris Lastro
Kljucne reci: Etaloniranje tegova, masena skala, metoda najmanjih kvadrata
KRATAK SADRZA]J

U radu je prikazan matematicki i statisticki aparat za diseminaciju jedinice mase i realizaciju masene skale
u rasponu od 1 mg - 20 kg s mernom nesigurnos¢u od 0,001 mg - 3 mg ili boljom. Metode su selektovane i
prikupljene u okviru EMPIR Projekta 19RPT02 RealMass - Improvement of the realisation of the mass scale,
odabrane metode — Lagrangeovih mnozitelja i Gauss Markov. Obe metode baziraju se na metodi najmanjih
kvadrata. Matematicka obrada rezultata odvija se matricnim racunom, pomoc¢u koga se reSava
predeterminisani sistem jednacina. Ispostavlja se da obe tehnike u osnovi daju iste rezultate za korekcije
merenih masa, ali razlicito tretiraju ulogu referentnog etalona, nestatisticki i statisticki.

METHODS OF DISSEMINATION OF UNIT OF MASS
Keywords: Calibration of weights, mass scale, least squares method
ABSTRACT

The paper presents a mathematical and statistical apparatus for the dissemination of a unit of mass and the
realization of a mass scale in the range of 1 mg - 20 kg with a measurement uncertainty of 0.001 mg - 3 mg or
better. The methods were selected and collected within the EMPIR Project 19RPT02 RealMass - Improvement
of the realization of the mass scale, in which Directorate of Measures and Precious Metals (DMDM) is also a
participant. The paper presents two project-selected methods - Lagrange multipliers and Gauss-Markov
approach. Both techniques are based on the least squares method. Mathematical processing of the results takes
place by a matrix calculation, with the help of which a predetermined system of equations is solved. It turns out
that both techniques basically give the same results for corrections of measured mass, but treat the role of the
reference standard differently, Lagrange non-statistically and Gauss Markov statistically.
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PROCENA MERNE NESIGURNOSTI PRI MERENJU PROTOKA
PROFILISANJEM POLJA BRZINA

Damjan Iveti¢, DuSan Prodanovié, Predrag Vojt
Kljucne reci: merenje protoka, merenje brzine, merna nesigurnost, elektromagnetne sonde

KRATAK SADRZAJ

Za potrebe pouzdanije procene hidraulicke efikasnosti cevnih agregata na HE Perdap 2, kao i unapredenja
efikasnosti nakon revitalizacije agregata, projektovan je i primenjen inovativni sistem za posredno merenje
protoka kroz jedan agregat. Merni sistem se moZe postaviti na ulazu u turbinu uzvodno od grube resetke. Koristi
se pristup Brzina — Proticajni presek, gde se polje brzina profiliSe (meri) pomoc¢u 15 novorazvijenih 3D
elektromagnetnih (EM) sondi, horizontalno rasporedenih na celi¢ni ram koji se podiZe po visini proticajnog
preseka. Celiéni ram je opremljen i sa dva redudantna akusti¢na Dopler senzora brzine (takode mere sve tri
komponente vektora brzine), merilima visine rama i dubine vode. Mogu se koristiti dva reZima rada mernog
sistema: inkrementalni (sporiji i pouzdaniji) i kontinualni (brZi ali manje pouzdan). Budu¢i da je merni sistem
sinhronizovan sa lokalnim SCADA sistemom, u konac¢noj obradi podataka i obracunu protoka, koriste se i
odgovaraju¢i podaci o radu turbine. Poseban izazov u proracunu protoka izvedenim sistemom predstavlja
procena merne nesigurnosti (greSku ipak ne moZemo znati jer nikad i ne poznajemo ta¢nu vrednost merne
veli¢ine). Kako bi se u proceni merne nesigurnosti, obuhvatile specifi¢nosti koriS¢ene merne opreme (sa
akcentom na 3D EM sonde), reZima rada mernog sistema i hidraulickih uslova na mernim mestima (koso
dostrujavanje), razvijena je posebna procedura za proracun komponenata (doprinosa) i kona¢ni obracun ukupne
nesigurnosti izmerenog protoka na agregatima. Procedurom su obuhvaceni doprinosi svih relevantnih veli¢ina
tokom trajanja merenja, postupka ekstrapolacije i interpolacije u obradi podataka, kao i integracije kona¢nog
rasporeda brzina. Sam postupak procene merne nesigurnosti je integrisan i u namenski korisnicki softver za
obradu prikupljenih podataka. U ovom radu predstavljena je koriS¢ena procedura za procenu merne
nesigurnosti, kao i rezultati njene primene na kona¢nom broju izmerenih podataka. Analizirani su uticaji
pojedinih komponenata mernih nesigurnosti kao i njihova promena u zavisnosti od kori§¢enog reZima rada.

UNCERTAINTY ASSESSMENT FOR THE FLOW MEASUREMENTS BASED ON THE
VELOCITY FIELD PROFILING

Keywords: flow measurements, velocity measurements, measurement uncertainty, electromagnetic probes
ABSTRACT

To provide more reliable estimates of the tubular turbine hydraulic efficiency, and the expected efficiency
improvements after the turbine revitalization, an innovative flow measurement system was designed and
applied at HPP DPerdap 2. The measurement system can be installed at the turbine inlet, upstream of the trash
rack. Velocity — Area approach is utilized, where the velocity field is profiled with 15 newly developed 3D
electromagnetic (EM) probes, horizontally positioned on the steel frame which can be traversed across the
flow cross section. The steel frame is equipped also with two redundant acoustic Doppler velocimeters (can
measure all three velocity vector components), frame height transducers and water depth sensors (pressure
transducers). Two operating modes are possible: incremental (slower and more reliable) and continuous (faster
but less reliable). As the measurement system is synchronized with the local SCADA, in the final data
processing and flow computing, data regarding the turbine operation are also used. Particular challenge in the
flow measurement process is the assessment of the measurement uncertainty (the measurement error is never
known as we cannot know the exact measured quantity). To envelop the specifics of the used measurement
equipment (with focus on the 3D EM probes), operating modes and the hydraulic conditions at the measuring
site, a novel procedure for the assessment of the uncertainty components and final computation of the turbine
flow measurement uncertainty is developed. The procedure considers the contributions of all the relavant
quantities during the measurement process, extrapolation, and interpolation within the data processing step, as
well as the integration of the final velocity distribution. The procedure for the measurement uncertainty
assessment is integrated in the dedicated software for the processing of the acquired data. In this paper, the
suggested procedure for the uncertainty assessment is described along with the results of application on the
measured data. Contributions from single uncertainty components are analyzed, as well as the relations to the
applied operating mode.
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KALIBRACIJA 3D ELEKTROMAGNETNIH MERILA BRZINE VODE
Predrag Vojt, Dusan Prodanovi¢, Damjan Iveti¢
Kljucne reci: kalibracija, elektromagnetni senzori, brzina vode, protok
KRATAK SADRZAJ

Druga najvaznija veli¢ina u hidrotehnickoj praksi je protok vode i sa njom direktno povezana brzina vode
(prva je, svakako, nivo/dubina odnosno, pritisak vode). Brzina vode se uglavnom meri posredno, koris¢enjem
nekog od odgovarajuéih pretvaraca, koje treba redovno kalibrisati. U sklopu hidrauli¢ke laboratorije Instituta
za vodoprivredu ,,Jaroslav Cerni* (IJC) nalazi se 120 m dug kanal za kalibrisanje sondi za merenje brzine vode
apsolutnom metodom, prema ISO 3445 standardu: kroz vodu koja miruje se zadatom brzinom vozi sonda, a
brzina se odreduje preko predenog puta u jedinici vremena. Za potrebe analize uticaja kosog dostrujavanje
vode na agregate HE Derdap 2, projektovan je sistem za merenje brzine vode, i posredno protoka, sa
elektromagnetnim (EM) sondama koje mogu istovremeno da mere sve tri komponente brzina (3D). Merni
sistem se sadrZi 15 3D EM sondi postavljenih horizontalno na ¢eli¢ni ram Sirine 14,5 m, koji se kontinualno,
ili postepeno, podiZe celom visinom proticajnog preseka (27 m). Tokom konstruisanja 3D EM sondi, na kanalu
Instituta IJC su radena detaljna ispitivanja, kao i finalna kalibracija prostorne osetljivosti. U sklopu kalibracije
samih sondi, ispitivan je i uticaj noseceg rama na merenja. Kako je ram za terenske potrebe prevelik, izraden
je parcijalni model rama u razmeri 1:1 sa kojim su izvrena ispitivanja u IJC kanalu. Sva merenja su
sinhronizovana sa mernim sistemom po MODBUS protokolu. Merena je referentna brzina kolica preko
enkodera sa tockom na tvrdoj podlozi i pokazivanje brzina 3D EM sondi. Ispitani su razliciti napadni uglovi,
gde je poloZaj sonde postavljen preko mehanickog grani¢nika. U ovom radu je predstavljena procedura i
detaljno su opisani postupci kalibracije i dodatnih ispitivanja 3D EM sondi sa modelom rama. Takode, kako
je kalibrisano 20 3D EM sondi, prikazani su rezultati testova i performanse istih pri razli¢itim napadnim
uglovima.

CALIBRATION OF 3D ELECTROMAGNETIC VELOCITY PROBE FOR WATER
Keywords: calibration, electromagnetic sensors, water velocity, flow rate
ABSTRACT

The second most important hydraulic quantity is flow rate or water velocity (the first is water depth/level, or
water pressure). Water velocity is usually measured indirectly, using adequate transducer (or probe), which has
to be regularly calibrated. Within the hydraulic laboratory of the Jaroslav Cerni Water Institute (IJC) there is a
120 m long towing tank for velocity probe’s calibration based on absolute method, according to the ISO 3445
standard: through the still water the probe under the test is towed with set speed, which is calculated as traversed
distance in certain time. As part of the analysis of the impact of irregular inflow on the operation of aggregates
at HPP Djerdap 2, an innovative system based on water velocity measurement using electromagnetic (EM)
probes capable for simultaneous measurement of three velocity components (3D), and indirectly flow rate, is
created. System contains 15 3D EM probes placed horizontally on a steel frame of 14.5 m width, which is lifted
continuously, or in a stepwise manner, across 27 m to cover the whole flow cross section. During the design of
3D EM probes, the extensive tests were done at the IJC’s towing tank. Also, the final calibration with spatial
sensitivity was done there. Within the calibration procedure, the influence of the supporting frame on the
measurements was examined. Since the frame for field measurements is too large, a partial model in the scale
of 1: 1 was made for tests at the towing tank. All measurements were synchronized with the measuring system
according to the MODBUS protocol, which includes measuring the speed and length of the trolley using an
encoder with a wheel on a hard surface and the measured velocities of the 3D EM probe. Various attack angles
of the sensor’s head were analyzed, where the probe orientation was set by a mechanical stop. This paper
presents the procedure and describes in detail the steps during calibration, and during additional tests of 3D EM
sensors with a frame model. Also, as the 20 3D EM probes were calibrated, the test results and their performance
at different angles of attack were presented.
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NOVE MERNE MOGUCNOSTI U NAFTNOJ INDUSTRIJI SRBLJE MASTER METAR
MMO03

Dragan Nikoli¢, Jelena Stojanovi¢, Vojislav Mirkov, Milo§ Zivanovi¢, Radosav Puki¢

Kljucne reci: Pravilnik o merilima, Prilog 7 merni sistemi za neprekidno i dinamicko merenje kolicina tecnosti
koje nisu voda (MI-005), zapremina ili masa, radni etalon, master metar MMO03, OIML R-117-1

KRATAK SADRZAJ

U radu su prikazane nove merne moguénosti master metra MMO3, znacaj, razvoj i njegova primena za merne
sisteme i merila za neprekidno i dinamicko merenje koli¢ina tecnosti koje nisu voda prema zahtevu Pravilnika
o merilima i Pravilnika o vrstama merila koja podlezu zakonskoj kontroli.

Ispunjenje zakonske obaveze u NIS a.d., DWS, Sektora za metrologiju, kao drustveno odgovorne kompanije
prouzrokovalo je razvoj i poboljSanje mernih moguénosti razvojem novog radnog etalona master metra MMO3.

Posebno je prikazano tehni¢ko reSenje i nove merne mogucnosti za merenje zapremine i izraZavanje protekle
mase, na osnovu direktnog merenja protekle zapremine, merenja temperature, pritiska i trenutne gustine tecnosti
koje nisu voda. Ovakav radni etalon koristi se za potrebe pripreme za kontrolisanje/overavanje i samog procesa
overavanja za merne sisteme za utovar/istovar plovnih objekata uz salgasnost DMDM RS. Nove merne
mogucnosti radnog etalona doprinose ta¢nijim merenjima, smanjenju greSke merenja i povecanju poverenja u
prometu te¢nosti koje nisu voda, i usluga povezanih sa tim te€nostima, izmedu isporucioca i krajnjeg korisnika.

NEW MEASUREMENT CAPABILITIES
IN PETROLEUM INDUSTRY OF SERBIA ASTER METAR MM03

Keywords: Measuring Instruments Directive 2014/32/EU MID, Attachment 7 Measuring systems for the
continuous and dynamic measurement of quantities of liquids other than water (MI-005), volume and
mass, reference standard, master meter MMO03, OIML R-117-1

ABSTRACT

The work outlines new measurement capabilities of master meter MMO3, importance, development and its
application, for measuring systems for the continuous and dynamic measurement of quantities of liquids other
than water according to the requirements of the Regulation on Measures and Regulations on the types of
measurements subject to legal control. Fulfilling the legal obligation in NIS a.d., DWS, Department of
Meterology, as a socially responsible company caused the development and improvement of measuring
possibilities by developing a new working standard master meter MMO3. In particular, the technical solution
and new measurement possibilities for measuring volume and expression of the mass flow, based on direct
measurement of the volume flow, measurement of temperature, pressure and current density with this working
standard resulted in the consent of DMDM RS for the preparation of control/verification and the certification
process for measuring systems for loading/unloading ships. The new measurement capabilities of the working
standard contribute to more accurate measurements, reduce measurement errors, and increase confidence in
the turnover of goods and services between the supplier and the end user.
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POREDENJE RAZLICITIH METODA ETALONIRANJA SEKUNDOMERA

Misa Markus, Neda Spasojevi¢, Aleksandar Atanackovié¢
ljucne reci: etaloniranje, merna nesigurnost, sekundomer, vremenski interval
KRATAK SADRZA]J

U metroloskoj laboratoriji Tehnickog opitnog centra, svake godine, etalonira se nekoliko desetina razlicitih
tipova sekundomera. Sa sigurnoséu se moze tvrditi da je etaloniranje sekundomera najces¢i oblik etaloniranja
koje se sprovodi u oblasti vremena i frekvencije. U radu je dat pregled razli¢itih metoda za etaloniranje
sekundomera koje se primenjuju u laboratoriji Tehnickog opitnog centra. Dati su proracuni merne nesigurnosti
za svaku od metoda i izvreno je njihovo meDusobno poreDenje.

COMPARISON OF DIFFERENT METHODS FOR CALIBRATION OF STOPWATCHES
Keywords: calibration, measurement uncertainty, stopwatch, time interval
ABSTRACT

Stopwatch calibrations are perhaps the most common calibrations performed in the field of time and
frequency metrology. Many of these timing devices are calibrated each year at the Technical test center. This
paper describes and compares different methods of stopwatch calibrations that are used in the calibration
laboratory of the Technical test ce Temperatura i srodne veli¢ine (IMEKO TC 12),
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PRACENJE STANJA MASINA SA VELIKIM UDARIMA
U RADU MERENJEM VIBRACIJA

Spasojevi¢ Rajko, Sekularac Bojan

Kljucéne re¢i: Odrzavanje, pouzdanost, tehnicki sistem

KRATAK SADRZAJ

Odrzavanje na bazi stanja rudarskih masina predstavlja program koji na bazi informacija dobijenih na osnovu
pracenja stanja opreme daje odgovarajuce preporuke za donoSenje konkretnih odluka o preduzimanju
interventnih mera. Ovaj program odrZavanja se sastoji iz tri koraka: prvi korak je prikupljanje podataka, zatim
njihova obrada i na kraju donosenje odluka relevantnim za odrZavanje. Dijagnostika i prognostika ¢ine znacajne
aspekte ovog programa odrZavanja i pojavljuju se u mnogim akademskim i stru¢nim radovima sa njihovom
teoretskom i prakticnom primenom.

MONITORING MACHINES WITH LARGE SHOCKS
IN OPERATION VIBRATION MEASUREMENT

Key words: Maintenance, reliability, tehnical system

ABSTRACT

Maintenance procedure based on the state of the mine equipment represents the programme which on the
ground of the information about the state of the equipment monitored gives the appropriate recommendations
for relevant decision making and for taking emergency measures.This maintenance programme is organized in
three main phrases: the phase of data collection their processing and finally decision making related to
maintenance. Diagnostics and prognostics are important aspects of this maintenance programme appearing in
many academic and expert papers and articles with their theoretical and empirical application.
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