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Department of Mechanics

is formed by specialists in the fields of solid, soil and
structural mechanics, computer science, applied mathe-
matics, reliability of structures, multi-scale modelling or
biomechanics. The scientific group directly involved in the
project focuses mainly on solving optimisation and inverse
problems in civil engineering or materials science, structu-
ral reliability or modelling of heterogeneous materials.
This includes development of probabilistic methods from
the field of Bayesian statistics with applications in inverse
problems under uncertainties, bio-inspired methods like
evolutionary algorithms or artificial neural networks for
solution of ill-posed or multimodal optimisation problems
and different kinds of surrogate models for acceleration of
optimisation processes or reliability analysis.

The project ANED-M was divided into three separate tasks. The
first one - statistical fitting of model parameters to measurements
- dealt with the probabilistic description of uncertain material
parameters based on uncertain experimental data. The objective
of this task was to develop and implement a methodology which
takes into account expert knowledge, i.e. prior information and

to update this information by using noisy experimental data.
More specifically, the methodology was applied to the parameter
identification of a visco-plastic constitutive material model based
on a set of data observed during five different loading tests. The
result was a probabilistic description of material properties, which
took into account all the available information and allowed for
more reliable simulation of structural performance. The partner
institution will implement the obtained data as well as the develo-
ped methodology into the future launcher design process.

The second task entitled - identification of worst case scenario -
dealt with identification of a parameter combination leading to

the structural failure. In such a case, parameters comprised all the
material properties and geometry or loading parameters of a nozzle
extension design and thus the problem was high-dimensional.
Moreover, the analysis included the simulation of nozzle extension
taking into account different types of failure and was computati-
onally very demanding. The developed methodology allowed to
identify some of these worst case parameter combinations which
provided an invaluable insight into reliability of the structure.

The last task dealt with geometry optimisation and its goal was
to propose a methodology for optimisation of nozzle extension
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geometry so as to minimise its weight and maximise its reliability
with respect to the prescribed uncertain loading. The process was
thus multi-objective, high-dimensional and computationally very
challenging, but opened the possibility for important savings and
technological improvements.
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A process of multi-objective optimization under uncertainties - a design space is depicted on the left in
contrast to compromise solutions on the right represented by relevant weight and reliability of structure.
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Comparison of prior and posterior probability density functions for the pairs of variables obtained
during the identification Bayesian process.

What would you name as main benefits of the project to you
and your company?

“The project gave our team an exceptional
opportunity to utilize our theoretical knowledge on
optimisation and identification problems, and to
test the robustness and versatility of the developed
methods when applied to complex problems of
engineering practice. In addition, establishing
cooperation with key partners in the field of future
launcher development is of an immense impor-
tance to our department. It opened the possibilities
for broader cooperation currently resulting into two
new projects starting in December 2013."
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Katedru mechaniky

tvolii specialisté v oborech stavebni mechaniky, téles,
mechaniky zemin, pocitacovych véd, aplikované matema-
tiky, spolehlivosti konstrukci, vicedroviiového modelovani
nebo biomechaniky. Skupina védcl pfimo zapojenych do
projektu mechaniky se zabyva predevsim optimaliza¢nimi
a inverznimi problémy stavebniho ¢i materidlového
inzenyrstvi, spolehlivosti konstrukci nebo modelovanim
heterogennich materiald. Reseni této problematiky
zahrnuje vyvoj efektivnich néstroji jako jsou napfriklad:
pravdépodobnostni metody z oblasti bayesovské statistiky
vyuzivané v inverznich problémech se zahrnutim nejistot,
metody vychdazejici z biologickych principl jako evolué¢ni
algoritmy nebo umélé neuronové sité pro reseni Spatné
podminénych ¢i vicekriteridlnich optimalizacnich uloh
nebo riizné typy nadhradnich modell pro urychleni
optimalizacnich procest nebo analyzy spolehlivosti.

Projekt ANED-M se délil na tfi ¢asti. Prvni z nich se zamérovala

na pravdépodobnostni popis nejistych materidlovych parametrt
zalozeny na nejistych experimentalnich datech. Predmétem této
casti projektu byl vyvoj a implementace metody, kterd kombinuje
znamé expertni znalosti, tzv. apriorni informace, s namérenymi
daty v novou presnéjsi informaci. Konkrétné byla tato metoda
pouzita pro identifikaci parametru viskoplastického konstitutivniho
materidlového modelu na zakladé dat obdrzenych béhem péti
rlznych zatéZovacich zkousek. Vystupem byl pravdépodobnostni
popis materidlovych vlastnosti, ktery zahrnuje vSechny dostupné
informace a umoznuje tak spolehlivé;jsi predikci odezvy konstrukce.
Ziskana data i metoda jejich ziskani budou partnerskou instituci
zahrnuty do procesu navrhu budouci nosné rakety.

Ukolem druhé ¢&asti projektu bylo uréeni kombinaci hodnot
parametr(, pfi nichZz dochazi k selhani konstrukce. Testovaci aplikaci
byl model raketové vytokové trysky, kde mezi uvazované parametry
patfily nejen materialové vlastnosti, ale i parametry geometrie

a zatizeni. Problém byl mnohorozmérny a analyza navic zahrnovala
velmi vypocetné naro¢né simulace trysky vcetné rtznych zpisobt
jejiho poruseni. Vyvinuty postup umoznil urcit nékteré z nejnepfi-
znivéjsich kombinaci parametrd, coz poskytnulo velmi hodnotné
informace o spolehlivosti fesené konstrukce.

Posledni ¢ast projektu zahrnovala optimalizaci geometrickych vlast-
nosti vytokové trysky, kdy je minimalizovana jeji vaha a zaroven
maximalizovana jeji spolehlivost s ohledem na predepsané nejisté
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zatizeni. Optimalizacni proces byl v tomto ptipadé vicekriterialni,
mnohorozmérny a vypocetné velmi naro¢ny, oviem jeho mozny
pfinos v podobé vyznamnych uspor a technologickych vylepseni
je neocenitelny.

Geometricky model raketového motoru. Projekt se zabyval optimalizaci Sedé nejspodnéjsi cdsti.

Obor hodnot funkci
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Hmotnost

Vybrané nejlepsi ndvrhy vicekriteridlni optimalizace zahrnujici vliv nejistot zndzorriujici definicni
obor ndvrhovych proménnych (vlevo) spolu s kompromisnimi fesenimi hmotnosti konstrukce a jeji
spolehlivosti (vpravo) odpovidajici jednotlivym zaddnim v levém obrdzku.

Co vam ucast v projektu pfrinesla? D

,Diky tomuto projektu mél nds tym vyjimecnou
prileZitost vyuZit své teoretické védomosti

o optimalizacnich a identifikacnich problémech
a otestovat robustnost a univerzdlnost vyvinuty-
ch metod na slozitych problémech z technické
praxe. A naopak reseni prezentovanych problému
nds privedlo k dalsimu studiu a k vylepseni
nasich postupu. Ohromny vyznam md ale pro
nasi katedru predevsim navdzdni spoluprdce

s klicovymi partnery z oblasti vyvoje nosnych
raket. Projekt ndm umoznil sirsi spoluprdci, jejimz
vysledkem jsou v soucasnosti dva nové projekty zacinajici v prosinci 2013.”




