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Uplatnenie vysledkov projektu

Uplatnenie vysledkov projektu je v jeho prinose a to dobudovani nového metrologického
pracoviska na Slovensku. Zo suhrnu vysledkov rieSenia je zrejmé, Ze dbjde po ukoncéeni
projektu ku vytvoreniu nového komplexného meracieho pracoviska a nasledne toto bude
vyuzivané pri zabezpeCovani metrologickych vykonov Ziadatelskej organizacie.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

V roku 2019 bola podla harmonogramu projektu urobena ,Analyza su¢asného stavu a
preskumanie moznostirieSenia technického zadania®“. Bol spracovany navrh principu a
moznej metodiky merania v zavislosti od legislativnych poZiadaviek. Boli stanovené meracie
rozsahy pre rézne typy snimacov krutiaceho momentu. Na zaklade stanovenych ciefov boli
rozpracované mozné koncepty pre zohlfadnenie fyzikalnych parametrov navrhovaného
zariadenia so stanovenim principov generovania mommentu sily. V roku 2020 V ramci
jednotlivych etap za rok 2020 boli analyzované vplyvy pouzitych materialov konstrukcie na
oCakavané metrologické vlastnosti. Boli stanovené kritéria pre technické navrhy réznych
alternativ pre vyvodenie krutiaceho momentu. Pre systém merania vyuZivajuci zmenu
ramena zmenou jeho uhlu bol vytvoreny model merania pre urCenie neistét merania. Z
matematického popisu modelu merania boli stanovené priority pre vysledny konstrukény
navrh. V ramcirieSenia bolo vytvorenych niekolko technickych navrhov pre rézne principy
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merania, boli urobené analyzy jednotlivych variant a bol vytvoreny 3D model Casti
zariadenia pre vybrany spdsob merania. Aby bolo mozné konstrukény navrh rozvijat do
konecnej podoby komplexného meracieho systému, boli navrhnuté spdsoby pre
automaticku €innost zariadenia vyuzivajucu elektromechanicky pohon asnimace
neelektrickych veli¢in. Bola spracovana ¢ast dokumentacie pre vyrobu Specialneho
meracieho ramena (pre zavesenie zavazi) z uhlikovych vlakien. Bola urobena analyza
vyrobitelnosti takéhoto meracieho ramena u konkrétneho mozného buduceho vyrobcu. Boli
vybrané délezité uzly zariadenia, teda nosné vzduchové bezodporove lozisko, prevodovka
pre naklapanie ramena, elektropohon pre naklapanie ramenas mechanickou brzdou a
snimacia technika pre meranie uhlu a polohy meracieho ramena. Boli stanovené
poziadavky na tuhost konstrukcie, nastavitelnost’ vzajomne suvisiacich pohyblivych ¢asti
ana zaklade poziadaviek na vyvijané zariadenie bol spracovany odhad nakladov na vyrobu
Casti zariadenia. V ramci SW rieSeni v roku 2021 boli vytvorené dve SW aplikacie. Prva
sluzi na meranie momentu sily zo snima¢a momentu sily, zadania dat z meraného snimaca
momentu sily, porovnanie vzajomnych dat a ich spracovanie a vyhodnotenie nazvany
ISAAC. Bol vypracovany SW pre stanovenie neistoty merania pre v§eobecné pouzitie a tiez
aplikacia pre uréenie splnenia podmienky pre pozadovanu neistotu merania pre rézne uhly
naklonenia meracieho ramena a pouzitych pristrojov pre meranie vratane neistoty ur€enia
hmotnosti zavazi navrhovaného zariadenia. PoCas roku 2021 bol vytvoreny kompletny 3D
model meracieho zariadenia. Model bol niekolko krat modifikovany az pokial nevznikla
poslednd alternativa, ktora bola rozpracovana do vykresovej podoby pre vyrobu a nakup
jednotlivych dielov zariadenia. Poc€as tvorby 3D modelu boli vytvarané FEM analyzy
jednotlivych komponentov (najma ramu pre lozisko s meracim ramenom a meracie rameno
z kompozitnych materialov). Po dokon€eni 3D modelu meracieho zariadenia bola
vyhotovena konstrukéna dokumentacia pre vyrobu jednotlivych komponentov. Na jesen r.
2021 sazacalo s vyrobou meracieho karbénového ramena a ostatnych komponentov
meracej Casti zariadenia. Bolo skompletizované meracie rameno a boli urobené skusky
priehybu pre nominalne zatazenie. V roku 2022 bola modifikovana hlavna zostava v ramci
komplexného 3D modelu, bol nakupovany material pre stavbu celého zariadenia a za€alo sa
s vyrobou ostavajucich komponentov meracieho zariadenia. Niektoré uzly boli
skompletizované a podrobené testom, najma topoldgie povrchu a tvaru vyrabanych
komponentov. Po ukonceni projektu sa predpoklada montaz celého zariadenia v priestoroch
pracoviska SLM v Bratislave.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

In 2019, according to the project schedule, an "Analysis of the current state and examination
of the options for solving the technical assignment" was made. A draft of the principle and
possible measurement methodology was elaborated depending on the legislative
requirements. Measuring ranges for different types of torque sensors have been
established. On the basis of the established goals, possible concepts were developed for
taking into account the physical parameters of the proposed device, with the determination
of the principles of moment of force generation. Within the individual stages for the year
2020, the effects of the construction materials used on the expected metrological properties
were analyzed. Criteria have been established for the technical designs of various
alternatives for torque derivation. For the measurement system using the change of the arm
by changing its angle, a measurement model was created to determine the measurement
uncertainties. From the mathematical description of the measurement model, the priorities
for the resulting structural design were determined. As part of the solution, several technical
proposals were created for different measurement principles, analyzes of individual variants
were made, and a 3D model of a part of the device was created for the selected
measurement method. In order to be able to develop the structural design into the final form
of a complex measuring system, methods were proposed for the automatic operation of the
device using an electromechanical drive and a sensor of non-electric quantities. Part of the
documentation for the production of a special measuring arm (for hanging weights) from
carbon fibers was processed. An analysis was made of the manufacturability of sucha
measuring arm at a specific possible future manufacturer. The important nodes of the device
were selected, i.e. the supporting air bearing without resistance, the gearbox for tilting the
arm, the electric drive for tilting the arm with a mechanical brake and the sensing technique
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for measuring the angle and position of the measuring arm. The requirements for the rigidity
of the structure, the adjustability of the interrelated moving parts were determined, and
based on the requirements for the developed equipment, an estimate of the costs for the
production of the equipment parts was processed. As part of SW solutions in 2021, two SW
applications were created. The first is used to measure the moment of force from the
moment of force sensor, input data from the measured moment of force sensor, compare
mutual data and process and evaluate them called ISAAC. SW was developed for
determining the measurement uncertainty for general use and also an application for
determining the fulfillment of the condition for the required measurement uncertainty for
different angles of inclination of the measuring arm and used measuring devices, including
the uncertainty of determining the weight of the weights of the proposed device. During
2021, a complete 3D model of the measuring device was created. The model was modified
several times until the last alternative was created, which was developed into a drawing for
the production and purchase of individual parts of the device. During the creation of the 3D
model, FEM analyzes of individual components were created (especially the frame for the
bearing with the measuring arm and the measuring arm made of composite materials). After
the completion of the 3D model of the measuring device, the construction documentation for
the production of individual components was drawn up. In the fall of In 2021, the production
of the measuring carbon arm and other components of the measuring part of the device
began. In 2021, a utility model was filed, which was registered in 2023, and a patent was
also filed for the mentioned device. The measuring arm was completed and deflection tests
were performed for the nominal load. In 2022, the main assembly was modified as part of a
complex 3D model, material for the construction of the entire device was purchased, and the
production of the remaining components of the measuring device began. Some nodes were
completed and subjected to tests, especially the topology of the surface and the shape of
the manufactured components. After the completion of the project, it is assumed that the
entire equipment will be assembled at the premises of the SLM workplace in Bratislava.
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