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Uplatnenie vysledkov projektu

Demostracia vlastnosti vyvinutych magnetickych plastov bola su¢astou viacerych
popularizaénych aktivit.

Bol zhotoveny plast, ktory svojimi rozmermi umoznuje uskuto€nenie exeprimentov z oblasti
vplyvu magnetickych poli na mikroorganizmy.

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

NajcennejSim vystupom projektu je vyvinutie novej vypoctovej metddy pre modelovanie
interakcie magnetického pofa s kompozitnou Strukturou supravodi¢/feromagnetikum v
realnej trojrozmernej formulacii problému [1]. Na rozdiel od Standardne pouzivanych
dvojrozmernych vypoctov, takyto pristup umoznuje zahrnut tzv. koncové efekty. To nam
otvorilo cestu k navrhu plasta s dokonalostou teoretickej predpovede na urovni 99%. O
postupe prac pri vyvoji metody a jej overovani sme referovali na medzinarodnych
konferenciach a workshopoch [8-11]. Vyuzitie pri navrhu plasta, ktory sme pouzili v
aparature na experiment s biologickymi preparatmi, dokumentuje publikacia [7].

Je zname, Ze supravodivé pasky nie su dokonale homogénne, a kriticky prud sa od miesta k
miestu méze menit az o 10%. Analyzovali sme niekolko typov rozloZeni fluktuacii a
vypracovali metodiku, ktora umoznuje zapracovat ich existenciu do vypoctového modelu
pre statické podmienky [2]. V dalSom postupe skumania sa ukazalo, ze najvacsim
ohrozenim snahy o dokonalé tienenie je vznik lokalnych prehriati v mieste so znizenym
kritickym pradom. Navrhli sme velmi u€inny postup rieSenia, zaloZeny na analytickom
vypocte stability supravodivého stavu v mieste s absolutne najnizSou hodnotou kritického
prudu. Odvodili sme vyrazy pre stanovenie podmienok, za ktorych prehriatie bud’ vébec
nevznika, alebo sa stabilizuje na urovni, ktora neohrozuje existenciu supravodivého stavu
[6].

Uvedomujuc si moznosti analytickych metéd, predovSetkym rychlost predpovedi a Sirsi
rozsah skiumanych kombinacii parametrov v porovnani s numerickymi vypoctami, ¢ast
energie sme venovali spolupraci s kolegami z Matematického ustavu SAV, zameranej na
problematiku rieSenia nelinearnych funkcionalnych diferencialnych rovnic [3, 4].

Okrem fluktuacii kritického prudu, spésobenych vyrobnym procesom, mbze dojst k
lokalnemu poklesu kritického prudu aj v désledku mechanického poskodenia, spésobeného
navijanim pasok na cylindricku formu. Vysledkom nasich analyz je model, vytvoreny v
prostredi komeréného softvéru pre vypocet pomocou metédy koneénych prvkov ANSYS.
Modelovanie s uvazenim realistickych podmienok namahania ukazalo, Ze najvacsim
nebezpec€im su lokalne deformacie vyvolané vtlacanim okrajov pasok vnutornej vrstvy do
pasok nasledujucej vrstvy [5].

Vzhladom na zvySeny rozsah prac, zameranych na hlavny ciel projektu, ktorym bolo
zvySovanie dokonalosti magnetickej neviditelnosti, aktivity na spinenie

sekundarnych ciefov - zvySovanie magentického pola a overenie principu
elektromagnetického pohonu - sa uskuto€nili iba v obmedzenom rozsahu a nepriniesli
vysledky, ktoré by znamenali vyznamny pokrok v oblasti poznenia.

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

The most important result is the new computational method for modeling of the magnetic
field interaction with the composite superconductor/ferromagnetic object, in realistic three-
dimensional problem formulation [1]. In difference to the commonly used two-dimensional
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computations, it allows to include the end effects. The method paved the way for designing
the cloak with 99% correspondence between calculations and experiments. Progress in
these efforts was presented on international conferences and workshops [8-11]. Utilization
of the new method in designing the cloak that was incorporated into the rig for cloaking
experiments with biological objects is reported in [7].

A known property of high-temperature superconducting tapes is the fluctuation of critical
current along the length, that could be in the range of 10%. We analyzed several statistical
distributions and elaborated the methodology allowing to incorporate the existence of
fluctuations into computations for static conditions [2]. It was revealed in further
investigations that the mechanism most endangering a perfect cloaking is a local
overheating in the place with lowered critical current. For the purpose of dealing with this
issue we developed analytical expressions, allowing to predict the conditions at which the
local weak spot would not heat or iots heating will result in an increased however stable
temperature allowing a sustainable existence of superconducting state [6].

Taking into consideration the power of analytical methods, in particular the speed and wider
range of explorable parameters compared to numerical computations, a part of our efforts
was dedicated to the collaboration with the colleagues from the Institute of Mathematics of
the Slovak Academy of Sciences, aimed at resolving the nonlinear functional differential
equations [3, 4].

Another mechanism causing a local degradation of superconducting tape is its mechanical
damage during wrapping into helical shape on a cylindrical former. A finite element model
was developed for modeling the mechanical part of this process in the software ANSYS.
Computations have shown that the critical point is the intersection of tapes form different
layers, where the raised edges of the tapes from a lower layer could imprint the tape in the
upper layer [5].

Unexpectedly larger amount of investigations necessary for improving of magnetic cloaking
quality, that was the main goal of the project, hindered to perform in planned extent the
research aiming on two secondary goals, i.e. increasing of the range of applicable magnetic
field and verification of the propulsion in non-uniform magnetic field. These activities were
executed with limited effort and did not bring new substantial knowledge.
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