Tematyki i zakresy rozpraw doktorskich

w ramach dyscypliny inzynieria mechaniczna

Zatgcznik nr 1 do Uchwaty nr 99/2024-2028
Rady Naukowej Wydziatu Mechanicznego
Politechniki Biatostockiej z dnia 29 kwietnia 2026

oferowane kandydatom do Szkoty Doktorskiej Politechniki Biatostockiej w roku akademickim 2026/2027

Lp.

Tytut, stopiert naukowy, imie
i nazwisko ewentualnego
promotora/éw

Tematyka

Zakres rozprawy doktorskiej

Tel. stuzbowy

e-mail

Dr hab. inZ. Izabela B.
Zgtobicka, prof. PB
Drinz. Ewa Szatylowicz

Whplyw wielokrotnych cykli
czyszczenia ikonserwacji na
strukture, morfologie i wiasciwosci
fizykochemiczne materiatéw
stosowanych w odziezy specjalnej
strazakow

Przeglad literatury dotyczacej wiasciwosci materiatow
stosowanych

w odziezy specjalnej strazakdw oraz metod dekontaminacii i
prania wodnego zanieczyszczen powstajacych podczas
pozarow.

Dobdér materiatéw badawczych oraz opracowanie metodyki
badan, obejmujacej przygotowanie probek referencyjnych i
skazonych.

. Wyznaczenie parametrow procesow dekontaminacii

z wykorzystaniem ciektego CO, oraz procesu prania
wodnego, a takze przygotowanie procedur operacyjnych.
Przeprowadzenie badan referencyjnych wiasciwosci
fizykochemicznych i uzytkowych materiatow przed procesem
dekontaminaciji.

Identyfikacja jakoSciowa oraz ilosciowa analiza poziomu
skazenia materiatow toksycznymi produktami spalania,
obejmujaca WWA oraz lotne i pdtiotne zwigzki organiczne
(LZOiPZO)

Realizacja wielokrotnych cykli dekontaminacji materiatow
metodg cieklego CO, oraz prania wodnego i ocena ich

wplywu na strukture, morfologie oraz wiasciwosci materiatow.
. Ocena skutecznosci usuwania toksycznych produktéw

spalania oraz opracowanie zalecen dotyczacych czyszczenia,
konserwacji
i eksploatacji odziezy specjalnej strazakow.

. Analiza wynikéw przeprowadzonych badan i testow.

Podsumowanie i wnioski w zakresie mozliwosci wdrozenia
wynikéw prac.

+48 603440 937

i.zglobicka@pb.edu.pl
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Dr hab. inz. Marek
Jatbrzykowski, prof. PB

Metodyka wprowadzania dodatkéw
modyfikacyjnych do struktury bazy
polimerowej, a cechy uzytkowe
wyrobow termoplastycznych
formowanych technikg wyttaczania

1.
2

Przeglad literatury w zakresie tematyki pracy

W oparciu o wykonany przeglad literatury wybér
najwazniejszych elementéw procesowych i materiatowych
jako wskaznikéw do budowy matrycy parametréw : warunki
procesu — rodzaj i struktura dodatku modyfikujacego.
Przygotowanie matrycy parametréw: warunki procesu —
rodzaj i struktura dodatku modyfikacyjnego.

Przygotowanie prébek do badan zgodnie z opracowang
matrycg, parametrow. Przygotowanie probek wyrobow
handlowych.

Wykonanie wybranych badan wiadciwosci uzytkowych
wyrobow, w tym m.in.: mechanicznych, mikroskopowych,
technologicznych, mikrobiologicznych.

Analiza poréwnawcza uzyskanych wynikéw badan
Propozycja mechanizméw oddziatywan dodatek-matryca
decydujacych o jakosci uzytkowej wytwarzanych wyrobéw.
Podsumowanie i wnioski

571443 081

m.jalbrzykowski@pb.edu.pl

Prof. K. Kurzydiowski

Lekkie kompozyty konstrukcyjne na
osnowie z polimerdw
biodegradowalnych wzmacnianych
widknami nano-celulozy

Analiza wspétczesnie dostepnych rynkowo polimerdw
biodegradowalnych

Analiza dostepnej rynkowo nano-celulozy w formie
widkienek

Dobér osnowy polimerowej i formy wiokienek nano-celulozy
pod katem uzyskania wzglednie wysokich wiasciwosci
wytrzymatosciowych metodami analizy danych
Eksperymentalna weryfikacja wtasciwosci wybranych
kombinacji osnowy i formy wtokienek celulozy

Badania mozliwosci zwiekszenia wiasciwosci kompozytow
dla wybranej kombinacji osnowa wypetnienie z
wykorzystaniem mechanicznego sczepiania indukowanego
ciSnieniowaniem

Badania wlasciwosci mechanicznych kompozytéw w funkcii
stopnia wypetnienia nano-celulozg,

Analiza wynikéw przeprowadzonych badan pod katem
opracowania oryginalnego kompozytu na bazie osnowy
biodegradowalnej wzmacnianej nano-celulozg

571 443 056

k.kurzydlowski@pb.edu.pl
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Podsumowanie i wnioski w zakresie mozliwosci wdrozenia
wynikéw prac w praktyce przemystowej

Prof. K. Kurzydiowski

Synergia technologii wtrysku
metali (MIM) oraz zageszczania
metodg izostatycznego $ciskania
w

ksztattowaniu wyrobow z
zaawansowanych materiatow
inzynierskich

1. Analiza literaturowa fizykochemii procesu MIM

2. Badania detali uzyskanych z wykorzystaniem proszkéw o
réznym uziarnieniu

3. Analiza literaturowa doboru lepiszczy

4. Badania wlasciwosci wybranych lepiszczy metodg DSC oraz

TGA

5. Wytworzenie MIM serii prébek do badania struktury i
wiasciwosci

6. Dobdr parametréw procesu zageszczania metodg HIP

7. Synteza wynikow pod katem sformutowanie wytycznych dla
technologii wytwarzania MIM detali ze stopow o wysokiej
temperaturze topienia

8. Badania nad moZliwoscig przeniesienie wynikow do
warunkow przemystowych (we wspdtpracy z firmg ALEX)

9. Podsumowanie i wnioski w zakresie uogolnienia zdobyte;
wiedzy i mozliwosci wdroZenia wynikow prac do praktyki
przemystowej

571 443 056

k.kurzydlowski@pb.edu.pl

Prof. dr hab. Roman Kulchytskyy

Wybrane zagadnienia teorii
sprezystosci dla os$rodkow z
pokryciem o wolno stopniowanej
strukturze

1. Przeglad literatury z zakresu modelowania pokry¢
gradientowych.

2. Przeglad literatury z zakresu zagadnieri teorii sprezystosci
dotyczacych ciat z pokryciami.

3. Opanowanie teorii przeksztatcen catkowych jako metody
rozwigzywania zagadniefi brzegowych, a w szczegdlnoci
metod przeksztatcenia catkowego Fouriera i Hankela.

4. Formulowanie zagadnien teorii sprezystosci dotyczacych
lokalnego obcigzenia ciat z pokryciem o wolno stopniowanej
strukturze.

5. Opracowanie schematu rozwigzywania sformutowanych
zagadnien.

6. Przeprowadzenie obliczeh numerycznych i analiza
uzyskanych rozkladéw naprezen.

7. Podsumowanie i wnioski.

571-443-030

r.kulczycki@pb.edu.pl

Dr hab. inz. Jarostaw Szusta,
prof. PB

Ksztattowanie wiasciwosci
uzytkowych stopéw metali z uzyciem
wybranych technologii inzynierii

1. Identyfikacia kluczowych parametréw technologicznych
procesu metalizacji natryskowej wplywajacych na

513052586

j-szusta@pb.edu.pl
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powierzchni

wiasciwosci powtok.

Okreslenie zalezno$ci miedzy parametrami procesu a:
mikrostrukturg powtoki, porowatoscig, przyczepnoscig do
podtoza, twardoscig i mikrotwardoscia, odpornoscig na
zuzycie tribologiczne, odpornoscig korozyjna.

Opracowanie kryteriéw optymalizujgcych proces metalizacji
dla réznych warunkéw eksploatacii.

Budowa modelu opisujacego wptyw parametréw procesu na
wiasciwosci uzytkowe.

Weryfikacja opracowanego modelu w warunkach zblizonych
do rzeczywistych warunkéw pracy elementéw maszyn.
Podsumowanie i wnioski.

Dr hab. inz. Jarostaw Szusta,

Opracowanie i budowa
demonstratora matoskalowego
systemu energetycznego opartego na

Opracowanie architektury systemu (OZE - elektrolizer —
magazyn wodoru — ogniwo paliwowe — odbiornik).

Dobér typu elektrolizera oraz ogniwa paliwowego (np. PEM).

Oraz budowa stanowiska testowego.

Badania charakterystyk pracy elektrolizera (sprawnosé,
zuzycie energii, wydajno$¢ produkcji H-).

Badania charakterystyk pracy ogniwa paliwowego (moc,
sprawnos¢, dynamika obciagzenia).

prof. PB \;’)va?li(\j/\?c:jvee; Owélzogtzay;tlggiml o(l)(g?r:\;/vjh Analilza sprawnqéci catkowitej cyklu: energia elektryczna — 513052586 J:szusta@pb.edu.pl
. . . woddr — energia elekiryczna.
zrédet odnawialnycn Ocena zdolnosci systemu do stabilizacji chwilowych wahan
mocy OZE.
Badania trwatosciowe ianaliza degradacji podzespotow.
Projekt ukladu sterowania i algorytmu zarzadzania energiq
(EMS).
Podsumowanie i wnioski
Przeglad literatury.
Wykonanie prébek do badan o réznej konfiguracji uktadu
Wplyw sprzezenia elementu element piezoelektryczny-matryca polimerowa.
- .o piezoelektrycznego z matrycq Budowa stanowiska eksperymentalnego do badan drgan +48 503 539
Dr hab. in2. Krzysztof Kamil Zur konstrukcji kompozytowych na swobodnych iwymuszonych konstrukcji kompozytowych. 352 k.zur@pb.edu.pl

aktywne i pasywne tlumienie drgan

Projektowanie aktywnego uktadu sterowania drganiami
konstrukcji hybrydowe;.
Ocena stabilnosci oraz jako$ci sterowania konstrukcjg
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hybrydowa,
Podsumowanie wynikéw badan i sformutowanie wnioskow.

Dr hab. inz. Krzysztof Kamil Zur

Wplyw wiasciwosci materiatowych
Inconelu oraz stopu tytanu Ti-6Al-4V
na charakterystyki dynamiczne
wirnikow

N =

Przeglad literatury.

Modelowanie numeryczne drgan wirnikow wykonanych z
Inconelu i stopu tytanu Ti-6Al-4V.

Badania eksperymentalne drgan wybranych wirnikow.
Analiza wynikow eksperymentalnych i numerycznych.
Podsumowanie wynikéw badan i sformulowanie wnioskow.

+48 503 539
352

k.zur@pb.edu.pl

10.

dr hab. inz. Magdalena Lepicka

Ocena odpornosci tribologicznej
cementéw szklo-jonomerowych na
podstawie analizy nieliniowe;
sygnatéw tarcia

=l »w

Przeglad literatury w zakresie odpornoéci tribologicznej
cementéw szkto-jonomerowych oraz wieloskalowej
charakterystyki tribologicznej materiatow funkcjonalnych.
Wybdr materiatow i przygotowanie serii probek o
zroznicowanym sktadzie i mikrostrukturze.

Opracowanie procedury badan eksperymentalnych
umozZliwiajacej pozyskanie poréwnywalnych danych
tribologicznych.

Wykonanie badan i wyznaczenie charakterystyk
tribologicznych badanych cementow, w tym odpornosci na
zuzycie i stabilnosci tarcia.

Wyznaczenie cech diagnostycznych z wykorzystaniem
metod analizy nieliniowej.

Ocena zaleznosci pomiedzy cechami sygnatow tarcia a
odpornoscig tribologiczng badanych materiatow.
Podsumowanie i wnioski.

797 995 997

m.lepicka@pb.edu.pl

1.

Dr hab. inz. Pawet Dzienis

Modelowanie i badania
eksperymentalne wymiany ciepfa i
opordw przeplywu w minikanatowej
chtodnicy powietrza

Przeglad literatury dotyczacej zagadnieh zwigzanych z
badaniem i modelowaniem zjawisk wymiany ciepta i oporéw
przeptywu dla wymiennikéw minikanatowych, w tym
mozliwosci intensyfikacji wymiany ciepta — analiza
rownomierno$ci rozptywu czynnika na poszczegdlne kanaty.
Analiza szronienia powierzchni o duzym stopniu rozwiniecia.
Opracowanie do$wiadczanej chlodnicy powietrza oraz
stanowiska badawczego pozwalajgcego na okreslenie
wspdtczynnikdw wymiany ciepta i opordw przeptywu.
Wykonanie badan do$wiadczalnych wymiany ciepta i oporéw
przeptywu, przy réznych parametrach roboczych ptyndw.
\Wykonanie obliczen numerycznych wymiany ciepta i oporéw

571443 024,
693 611 049

p.dzienis@pb.edu.pl
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przeptywu, przy roznych parametrach roboczych plyndéw.

6. Opracowanie wnioskdw ptyngcych zwykonanych badan
oraz wyznaczenie uwarunkowan pozwalajacych na
intensyfikacie procesu wymiany ciepta oraz rGwnomierno$é
rozplywu czynnika na poszczegdlne kanaly.

12.

Prof. Ewa Pawtuszewicz

Hybrydowe systemy sterowania,
nawigacji i koordynacji rojéw robotéw
mobilnych w $rodowiskach
dynamicznych

1. Analiza stanu wiedzy oraz probleméw badawczych w
obszarze hybrydowych systeméw sterowania, nawigacji i
koordynacji robotycznych systeméw mobilnych.

2. Opracowanie modeli matematycznych i $rodowiska
symulacyjnego dla wieloagentowych systeméw robotycznych
w $rodowiskach dynamicznych.

3. Projektowanie isynteza hybrydowych algorytméw
sterowania, nawigacji i koordynacji z wykorzystaniem metod
sztucznej inteligenciji i uczenia maszynowego.

4. Implementacja opracowanych metod w Srodowisku
obliczeniowym orazich integracja z systemem sterowania
roju robotéw mobilnych.

5. Badania symulacyjne dla wybranych scenariuszy dziatania
roju w réznych warunkach

6. Walidacja eksperymentalna opracowanych rozwigzan na
wybranych platformach robotycznych.

7. Analiza wynikdw badan, ocena skutecznosci proponowanych
metod

e.pawluszewicz@pb.edu.pl

13.

prof. dr hab. Romuald Mosdorf

Badania wymiany ciepta i masy w
procesach elektro zwilzalnosci

Zmiana natezenia i kierunku pola elektrycznego pozwala na
przemieszczanie kropli cieczy po hydrofobowej powierzchni. W
ten sposéb przemieszczajace sie krople cieczy mogq dostarcza¢
ciecz do goracych obszaréw - jednak zmiana temperatury cieczy
zmienia jej wiasciwosci — utrudniajgc ruch. Z drugiej strony ruch
kropli wywotuje konwekcje wymuszong cieczy wewnatrz kropli,
ktéra intensyfikuje wymiane ciepta. Kolejnym nie rozwigzanym
zagadnieniem jest wptyw sit elektrostatycznych na ruch kropli
cieczy. Wstepne wyniki badan i analiza literatury zdefiniuja obszar
badan w ramach pracy doktorskie;.
1. Przeglad literatury dotyczacej wymiany ciepta i masy w
procesach
1. elektro zwilzalnosci.
2.  Wykonanie wstepnych badan eksperymentalnych —
opracowanie

+(48)
664 786 888

r.mosdorf@pb.edu.pl
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Nonkw

wynikéw — identyfikacja problemu badawczego.
Opracowanie modelu badanego zagadnienia.
Numeryczna symulacja badanego zjawiska.
Wykonanie badar eksperymentalnych.

6. Poréwnanie wynikéw symulacji z wynikami badan
eksperymentalnych

14.

dr hab. inz. Kanstantsin Miatluk,
Prof. PB

Projektowanie robotycznej komorki
roboczej metodg systemow
hierarchicznych z wykorzystaniem
systemu Visual Components

Przeglad literatury dotyczacej metod projektowania systemow
robotyki i mechatroniki.

Opracowanie  metody  projektowania  koncepcyjnego
robotycznej  komérki  roboczej w  bazie  systeméw
hierarchicznych.

Realizacja proceséw projektowania komputerowego komorki
roboczej z wykorzystaniem systemu Visual Components.
Przeprowadzenie projektowania detalicznego i opracowanie
komérki roboczej w warunkach laboratoryjnych.

Testy i analiza opracowanego ukladu robo tycznego w
warunkach laboratoryjnych.

Podsumowanie i wnioski.

571-443-057

k.miatliuk@pb.edu.pl

15.

dr hab. Guray Yildiz

Piroliza odpaddéw poliolefinowych i
kompozytowych w celu odzysku
materiatbw weglowych

Projekt bedzie dotyczyt kontrolowanej pirolizy odpadow
poliolefinowych oraz materiatéw kompozytowych jako Sciezki
wytwarzania  odzyskanych — materiatow ~ weglowych o
projektowanych  wiasciwosciach ~ fizykochemicznych. Prace
skoncentrujg sie na wplywie skiadu surowca, warunkéw
termicznych oraz katalitycznego uszlachetniania fazy parowe;
na powstawanie, strukture, czysto$¢ i funkcjonalno$¢ statych
produktow weglowych, przy jednoczesnym uwzglednieniu
cieklych i gazowych wspotproduktéw. Do optymalizacii
warunkéw procesu, zaréwno pod katem odzysku wegla, jak i
ogblnej waloryzacji produktow, wykorzystana zostanie
pracujgca w sposéb ciagly laboratoryjna instalacja do pirolizy.
Projekt obejmie réwniez ocene przydatnosci otrzymanych
materiatdw stalych do zastosowan o wyzszej wartoSci
dodanej, takich jak wypeliacze, adsorbenty, $rodki
wzmacniajace lub prekursory zaawansowanych materiatow
weglowych.

+48 797 955 906

guray.yildiz@pb.edu.pl

16.

Dr Dariusz M. Perkowski, Eng.,
Prof. at the Bialystok University
of Technology,

Experimental studies and numerical
modelling of fracture in fibre-
reinforced composites, taking into

The proposed PhD thesis topic aims to quantitatively and
qualitatively assess the influence of in-situ stresses induced by the
manufacturing process on the mechanical properties and

Dariusz M.
Perkowski
+48 571 443

Dariusz M. Perkowski
d.perkowski@pb.edu.pl
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Institute of Mechanical
Engineering, Biatystok University
of Technology

Prof. Dr.-Ing. habil. Maik Gude,
Institute of Lightweight
Engineering and Polymer
Technology, TU Dresden,
Germany

account residual stresses induced by
the manufacturing process

durability of fibre-reinforced composites, taking into account fluid—
structure interaction (FSI) at the micro-, meso- and
macrostructural scales. By developing a comprehensive, multi-
scale finite element model (FEM) that integrates the above
factors, and validating it using experimental measurements, the
aim is to improve the accuracy of predicting the performance
properties of materials. Analysing the role of FSI in the generation
of internal stresses during both manufacturing and service will
deepen our understanding of their impact on the structural
integrity and service life of composites.

The research work comprises the following tasks:

1. Analysis of the influence of in-situ stresses induced by the
manufacturing process, taking into account FSI interactions at
the micro-, meso- and macro-scales, on the mechanical
properties and durability of fibre-reinforced composites.
Development of a comprehensive multi-scale FEM model that
accurately replicates the behaviour of fibre-reinforced
composites, integrating both internal stresses and FSI effects
at every structural level.

2. To conduct experimental measurements of internal stresses
and FSI effects at various scales to validate and calibrate the
multi-scale finite element model, ensuring reliable prediction of
composite properties.

3. Investigating the role of FSI interactions in the generation of

internal stresses during manufacturing processes and service
life. Optimising manufacturing processes by reducing adverse
internal stresses induced by FSI, in order to improve the
mechanical properties and durabilty of fibre-reinforced
composites.
Scientific exchange: active participation in the MSCA network,
undertaking research secondments at partner institutions, in
particular to support the development of numerical simulation
models, and publication of research results in international
journals.

034

Maik Gude +49
351 463-38153

Maik Gude
maik.gude@tu-dresden.de

17.

Dr Dariusz M. Perkowski, Eng.,
Prof. PB,

Institute of Mechanical
Engineering, Biatystok University

Multiscale, physics-based modelling
of a digital twin for multi-material,
loosely assembled solid oxide fuel
cells operating in reversible mode

The proposed PhD topic aims to develop and validate a multi-
scale, physics-based digital twin of multi-material, loosely
assembled solid oxide cells operating in reversible mode (fuel cell
| electrolyser). The objective is to integrate simulations of

Dariusz M.
Perkowski
+48 571 443
034

Dariusz M. Perkowski
d.perkowski@pb.edu.pl

Tassilo Moritz
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of Technology

Dr.-Ing. Tassilo Moritz,

Head of the Department of
Processes and Components,
Fraunhofer Institute for Ceramic
Technologies and Systems
IKTS,

Winterbergstr. 28, 01277
Dresden, Germany

manufacturing processes (ceramic injection moulding, multi-
material printing, co-sintering and rapid radiation sintering) with
thermo-mechanical modelling of the stack under operating
conditions, as well as with the distribution of contact resistance at
material interfaces at micro-, meso- and macrostructural scales.
By integrating process simulations, physics-informed neural
networks (Physics-Informed Neural Networks) and analytical
contact mechanics models for functionally graded materials, the
aim is to significantly improve the accuracy of predictions
regarding the structural integrity and service life of this class of
structures, and to reduce the computational cost of the design
loop compared to full three-dimensional finite element
calculations.
The research work comprises the following tasks:
Development of a multi-scale digital twin model linking
manufacturing simulations (ceramic injection moulding, multi-
material printing, co-de-binding and co-sintering) with thermo-
mechanical modelling of a loose stack under high-temperature
operating conditions.
Modelling of sinter-joining of multi-material electrode shelves and
microstructured contact surfaces, limiting electrical resistance at
the electrode/interconnector interface.
Implementation of physics-inherent neural networks (PINN) and
probabilistic surrogates, trained on sparse, high-resolution FEM
data and enriched with analytical solutions from the contact
mechanics of functionally graded materials.
Bayesian uncertainty quantification and multi-criteria optimisation
of topology and material gradients, ensuring the required design
robustness and a significant reduction in computational cost
compared to a full 3D FEM model.
Experimental validation of the model on individual cells and
short stacks, using impedance characteristics, current-voltage
curves and long-term galvanostatic tests.

Tassilo Moritz
+49 351 2553-
7747

tassilo.moritz@ikts.fraunhofer.de

18.

Dr Dariusz M. Perkowski, Eng.,
Prof. at the Bialystok University
of Technology,

Institute of Mechanical
Engineering, Biatystok University

Multiphysical topological optimisation
of additively manufactured monolithic
SOFC fuel cells with an integrated
catalytic reformer

The proposed topic for a doctoral thesis (DC) aims to develop a
methodology for the simultaneous, multiphysical topological
optimisation of the electrolyte geometry, the porosity gradient of
the electrodes and the microarchitecture of the integrated catalytic
reformer in _monolithic, additively manufactured SOFC fuel cells.

Dariusz M.
Perkowski
+48 571 443
034

Dariusz M. Perkowski
d.perkowski@pb.edu.pl

Tassilo Moritz
tassilo.moritz@ikts.fraunhofer.de
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of Technology The work involves the coupling of cell electrochemistry (Butler— || Tassilo Moritz
Volmer kinetics together with concentration polarisation), heat || +49 351 2553-

Dr.-Ing. Tassilo Moritz, transfer  under rapidly changing thermal transients, 7747

Head of the Department of thermoelasticity at elevated operating pressures, and internal

Processes and Components, catalytic reforming of hydrocarbons with coking suppression on

Fraunhofer Institute for Ceramic the nickel electrode. By developing a multi-physics, multi-criteria

Technologies and Systems optimisation problem and validating it experimentally, the aim is to

IKTS, achieve high gravimetric and volumetric power densities and

Winterbergstr. 28, 01277 thermo-mechanical resistance, unattainable with conventional

Dresden, Germany planar or tubular designs.

The research work comprises the following tasks:
Formulation of a multi-physics optimisation problem for the
topology coupling electrochemistry, heat and mass transport, and
the thermo-elasticity of a cell operating under high-temperature
and elevated-pressure conditions.
Incorporating the manufacturability constraints arising from Multi-
Material Jetting and Vat Photopolymerization technologies (voxel
resolution, layer thickness, light distribution, compensation for UV
absorption by metalic phases) directly into the optimisation
problem.
Use of analytical contact mechanics models for functionally
graded materials as fast thermo-mechanical evaluators in the
inner loop of multi-criteria optimisation.
Design of the microstructure of an internal reformer (ceramic
scaffold infiltrated with catalyst) ensuring a high catalytic surface
area, uniform temperature distribution and resistance to coking
under direct methane and e-methane feed.
Experimental validation on single cells and multi-cell bundles,
including electrochemical and thermo-mechanical (rapid
cycling) tests, as well as operation at elevated pressure.

10
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Dr hab. inZ. Izabela B.
Zglobicka, prof. PB
Dr inz. Ewa Szatytowicz

Impact of multiple cleaning and
maintenance cycles on the structure,
morphology, and physicochemical
properties of materials used in firefighters’
protective clothing

. Literature review on the properties of materials used in

firefighters' protective clothing, as well as methods of
decontamination and water washing for contaminants
generated during fires.

. Selection of research materials and development of the

research methodology, including the preparation of reference
and contaminated samples.

. Determination of process parameters for decontamination using

liquid CO, and for water washing, along with the development
of operational procedures.

. Conducting baseline studies of the physicochemical and

functional properties of materials prior to the decontamination
process.

. Qualitative identification and quantitative analysis of

contamination levels in materials by toxic combustion products,
including PAHs as well as volatile and semi-volatile organic
compounds (VOCs and SVOCs).

. Implementation of multiple cycles of material decontamination

using liquid CO, and water washing, and evaluation of their
impact on material structure, morphology, and properties.

. Assessment of the effectiveness of removing toxic combustion

products and development of recommendations for the
cleaning, maintenance, and use of firefighters’ protective
clothing.

. Analysis of the results obtained from the conducted studies and

tests.

. Summary and conclusions regarding the potential for

implementation of the research outcomes.

+48 603 440 937

i.zglobicka@pb.edu.pl

Dr hab. inz. Marek
Jatbrzykowski, prof. PB

Methodology of introducing modifying
additives into the structure of the polymer
base and the usage properties of
thermoplastic products formed by

. Literature review related to the thesis topic
2. Based on the literature review, selection of the most important

process and material elements as indicators for constructing the
parameter matrix: process conditions — type and structure of the

571443 081

m jalbrzykowski@pb.edu.p!
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extrusion additive.

3. Preparation of the parameter matrix: process conditions - type
and structure of the additive.

4. Preparation of test samples according to the developed
parameter matrix. Preparation of commercial product samples.

5. Performance of selected tests on the usage properties of the
products, including mechanical, microscopic, technological, and
microbiological tests.

6. Comparative analysis of the obtained test results

7. Proposed of mechanisms of additive-matrix interactions
determining the functional quality of manufactured products.

1. 7. Summary and conclusions

1. Analysis of currently available biodegradable polymers

2. Analysis of commercially available nano-cellulose in the form of
fibresffibrils

3. Selection of polymer matrix and form of nano-cellulose fibres to
obtain relatively high strength properties by data analysis
methods

4. Experimental verification of properties of selected combinations
of matrix and form of cellulose fibres

5. Studies of the possibility of increasing the properties of
composites for a selected combination of matrix and filing using
mechanical interlocking induced by hydrostatic pressure

6. Studies of mechanical properties of composites as a function of
nano-cellulose filling

7. Analysis of the results of the conducted research in terms of
developing an original composite based on a biodegradable
matrix reinforced with nano-cellulose

8. Summary and conclusions on the feasibility of implementing the
results of the work in industrial practice

Lightweight structural composites based
Prof. K. Kurzydfowski on nano-cellulose fibre-reinforced
biodegradable polymers

571443 056 k.kurzydlowski@pb.edu.pl

Synergy of metal injection moulding 1. Literature analysis of the physico-chemistry of the MIM process
(MIM) technology and hot isostatic 2. Testing of details obtained with the use of powders of different
pressing grain sizes

shaping products made of advanced 3. Literature analysis of the selection of binders

Prof. K. Kurzydiowski 571 443 056 k.kurzydlowski@pb.edu.pl
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engineering materials 4, Testing the properties of selected binders using the DSC and
TGA methods
5. Production series of MIM sample for structural and property
testing
6. Selection of parameters of the HIP compaction process
7. Synthesis of results in terms of formulation of guidelines for
MIM technology as applied for production of parts from alloys
with a high melting point
8. Research on the possibility of transferring results to industrial
conditions (in cooperation with ALEX)
9. Summary and conclusions regarding the generalization of the
acquired knowledge and the possibility of implementing the
results of the work into industrial practice
1. ldentification of key technological parameters of the spray
metallization process that affect coating properties.
2. Determination of the relationships between process parameters
and: coating microstructure, porosity, adhesion to the substrate,
hardness and microhardness, resistance to tribological wear,
o Modifying the functional properties of and corrosion reS|sftan.ce. I .
Dr hab. inz. Jarostaw : 3. Development of criteria for optimizing the metallization process .
metal alloys using selected surface . . " 513052586 j-szusta@pb.edu.pl
Szusta, prof. PB engineering technologies for various operating cond|t|on's.. .
4. Construction of a model describing the influence of process
parameters on performance properties.
5. Verification of the developed model under conditions similar to
the actual operating conditions of machine components.
6. Summary and conclusions.
1. Development of the system architecture (renewable energy
Development and construction of a small- sources — electrolyzer — hydrogen storage - fuel cell - load).
Dr hab. inz. Jarostaw scale hydrogen-based energy system 2. Selection of the electrolyzer and fuel cell types (e.g., PEM). And .
Szusta, prof. PB demonsytratgr using fuel cellgytoitabilize construction of a test bgrzlch. wes s ) 513052586 J-szusta@pb edu.pl
local renewable energy sources 3. Testing of the electrolyzer’s operating characteristics
(efficiency, energy consumption, H, production yield).

13




Zatgcznik nr 1 do Uchwaty nr 99/2024-2028
Rady Naukowej Wydziatu Mechanicznego
Politechniki Biatostockiej z dnia 29 kwietnia 2026

Lp.

Name and surname

Topic

Scope of doctoral dissertations

telephone
number

e-mail

Testing of the fuel cell's operating characteristics (power,
efficiency, load dynamics).

Analysis of the overall cycle efficiency: electricity — hydrogen
— electricity.

Assessment of the system’s ability to stabilize transient
fluctuations in renewable energy output.

Durability testing and analysis of component degradation.
Design of the control system and energy management
algorithm (EMS).

Summary and conclusions

Krzysztof Kamil Zur

The effect of coupling between a
piezoelectric element and the matrix of
composite structures on active and
passive vibration damping

Literature review.

Preparation of test specimens with different configurations of
the piezoelectric element—polymer matrix system.
Development of an experimental setup for testing free and
forced vibrations of composite structures.

Design of an active vibration control system for a hybrid
structure.

Assessment of the stability and performance of the control
system for the hybrid structure.

Summary of research results and formulation of conclusions.

+48 503 539 352

k.zur@pb.edu.pl

Krzysztof Kamil Zur

The influence of the material properties of
Inconel and Ti-6Al-4V titanium alloy on
the dynamic characteristics of rotors

N —

Literature review.

Numerical modelling of vibrations of rotors made of Inconel and
Ti-6Al-4V titanium alloy.

Experimental investigation of vibrations of selected rotors.
Analysis of numerical and experimental results

Summary of research results and formulation of conclusions.

+48 503 539 352

k.zur@pb.edu.pl

dr hab. inz. Magdalena
Lepicka

Assessment of the Tribological
Performance of Glass-lonomer Cements
Based on Nonlinear Analysis of Friction
Signals

=l > w

Literature review in the field of the tribological resistance of
glass-ionomer cements and the multiscale tribological
characterization of functional materials.

Selection of materials and preparation of a series of samples
with differentiated composition and microstructure.
Development of an experimental testing procedure enabling the
acquisition of comparable tribological data.

Conducting experimental investigations and determining the

797 995 997

m.lepicka@pb.edu.pl
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tribological characteristics of the investigated cements,
including wear resistance and friction stability.

. Determination of diagnostic features using nonlinear analysis

methods.

. Evaluation of the relationships between the features of friction

signals and the tribological resistance of the investigated
materials.

. Summary and conclusions.

10.

Dr hab. inz. Pawet Dzienis

Modeling and experimental investigation
of heat transfer and flow resistance in a
minichannel air cooler.

. A literature review on issues related to the investigation and

modeling of heat transfer and flow resistance phenomena in
minichannel heat exchangers, including possibilities for heat
transfer enhancement, with an analysis of flow distribution
uniformity among individual channels.

. Analysis of frosting on highly developed (extended surface)

areas.

. Development of an experimental air cooler and a test rig

enabling the determination of heat transfer coefficients and flow
resistance.

. Conducting experimental studies on heat transfer and flow

resistance under various operating parameters of the fluids.

. Performing numerical calculations of heat transfer and flow

resistance under various operating parameters of the fluids.

. Formulation of conclusions based on the conducted research,

along with the identification of conditions enabling the
intensification of the heat transfer process and ensuring uniform
flow distribution among individual channels.

571443 024,
693 611 049

p.dzienis@pb.edu.pl

1.

Prof. Ewa Pawluszewicz

Hybrid Control, Navigation, and
Coordination Systems for Swarms of
Mobile Robots in Dynamic Environments

. Analysis of the state of the art and research problems in the

area of hybrid control, navigation, and coordination of robotic
systems.

. Development of mathematical models and a simulation

environment for multi-agent mobile robotic systems operating in
dynamic environments.

. Design and synthesis of hybrid control, navigation, and

coordination algorithms using artificial intelligence and machine
learning methods.

e.pawluszewicz@pb.edu.pl
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4. Implementation of the developed methods in a computational
environment and their integration with the control system of a
swarm of mobile robots.

5. Simulation studies for selected swarm operation scenarios in
different environments.

6. Experimental validation of the developed solutions on selected
robotic platforms.

7. Analysis of the research results, evaluation of the effectiveness
of the proposed methods, and formulation of final conclusions.

Changes in the intensity and direction of the electric field allow for
the movement of liquid droplets on a hydrophobic surface. In this
way, moving droplets can deliver liquid to hot regions -however, a
change in the droplet's temperature alters its properties, making
motion more difficult. On the other hand, droplet movement induces
forced convection within the liquid inside the droplet, which
enhances heat transfer. Another unresolved issue is the influence
of electrostatic forces on the movement of liquid droplets.
prof. dr hab. Romuald Investigation of heat and mass transfer in || Preliminary research results and a literature review will help define +(48)
Mosdorf electrowetting processes the scope of the research for the doctoral dissertation. 664 786 888
1. Literature review on heat and mass transfer in electrowetting
processes.
2. Preliminary experimental studies — data analysis — identification
of the research problem.
Development of a model for the investigated phenomenon.
Numerical simulation of the studied phenomenon.
Experimental investigations. 10
6. Comparison of simulation results with experimental data.

r.mosdorf@pb.edu.pl

2o

Review of the literature on design methods for robotic and
mechatronic systems.

Designing a robotic work cell using the 2. Development of a conceptual design method for a robotic work

hierarchical systems method and Visual cell based on h'erfamh'ca' systems. . 571-443-057 k miatiuk@pb.edu.pl
Components system 3. Implementation of computer-aided work cell design processes

using the Visual Components system.
4. Detailed design and development of the work cell in laboratory
conditions.

PhD, DSc. Kanstantsin
Miatluk, Prof. BUT
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5. Testing and analysis of the developed robotic system in
laboratory conditions.
6. Summary and conclusions.

14.

dr hab. Giray Yildiz

Pyrolysis of Polyolefin and Composite
Waste for Recovered Carbon Materials

This project will investigate the controlled pyrolysis of polyolefin
waste and composite materials as a route for producing recovered
carbon materials with tailored physicochemical properties. The
work will focus on how feedstock composition, thermal conditions,
and catalytic vapor-phase upgrading influence the formation,
structure, purity, and functionality of solid carbonaceous products
alongside liquid and gaseous coproducts. A continuously operated
laboratory-scale pyrolysis unit will be used to optimize process
conditions for both carbon recovery and overall product
valorization. The project will further assess the suitability of the
resulting solid materials for higher-value applications such as fillers,
adsorbents, reinforcement agents, or precursors for advanced
carbon materials.

+48 797 955 906

guray.yildiz@pb.edu.pl

15.

Dr Dariusz M. Perkowski,
Eng., Prof. at the Biatystok
University of Technology,
Institute of Mechanical
Engineering, Biatystok
University of Technology

Prof. Dr.-Ing. habil. Maik
Gude,

Institute of Lightweight
Engineering and Polymer
Technology, TU Dresden,
Germany

Experimental studies and numerical
modelling of fracture in fibre-reinforced
composites, taking into account residual
stresses induced by the manufacturing
process

The proposed PhD thesis topic aims to quantitatively and
qualitatively assess the influence of in-situ stresses induced by the
manufacturing process on the mechanical properties and durability
of fibre-reinforced composites, taking into account fluid—structure
interaction (FSI) at the micro-, meso- and macrostructural scales.
By developing a comprehensive, multi-scale finite element model
(FEM) that integrates the above factors, and validating it using
experimental measurements, the aim is to improve the accuracy of
predicting the performance properties of materials. Analysing the
role of FSI in the generation of internal stresses during both
manufacturing and service will deepen our understanding of their
impact on the structural integrity and service life of composites.

The research work comprises the following tasks:

4. Analysis of the influence of in-situ stresses induced by the
manufacturing process, taking into account FSI interactions at
the micro-, meso- and macro-scales, on the mechanical
properties and durabilty of fibre-reinforced composites.
Development of a comprehensive multi-scale FEM model that
accurately replicates the behaviour of fibre-reinforced

Dariusz M.
Perkowski
+48 571 443 034

Maik Gude +49
351 463-38153

Dariusz M. Perkowski
d.perkowski@pb.edu.pl

Maik Gude
maik.gude@tu-dresden.de
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composites, integrating both internal stresses and FSI effects at
every structural level.

5. To conduct experimental measurements of internal stresses
and FSI effects at various scales to validate and calibrate the
multi-scale finite element model, ensuring reliable prediction of
composite properties.

6. Investigating the role of FSI interactions in the generation of
internal stresses during manufacturing processes and service
life. Optimising manufacturing processes by reducing adverse
internal stresses induced by FSI, in order to improve the
mechanical properties and durability of fibre-reinforced
composites.

Scientific exchange: active participation in the MSCA network,

undertaking research secondments at partner institutions, in

particular to support the development of numerical simulation
models, and publication of research results in international journals.

16.

Dr Dariusz M. Perkowski,
Eng., Prof. PB,

Institute of Mechanical
Engineering, Biatystok
University of Technology

Dr.-Ing. Tassilo Moritz,
Head of the Department of
Processes and
Components,

Fraunhofer Institute for
Ceramic Technologies and
Systems IKTS,
Winterbergstr. 28, 01277
Dresden, Germany

Multiscale, physics-based modeling of a
digital twin for multi-material, loosely
assembled solid oxide fuel cells operating
in reversible mode

The proposed PhD topic aims to develop and validate a multi-scale,
physics-based digital twin of multi-material, loosely assembled solid
oxide cells operating in reversible mode (fuel cell / electrolyser).
The objective is to integrate simulations of manufacturing
processes (ceramic injection moulding, multi-material printing, co-
sintering and rapid radiation sintering) with thermo-mechanical
modelling of the stack under operating conditions, as well as with
the distribution of contact resistance at material interfaces at micro-
, meso- and macrostructural scales. By integrating process
simulations, physics-informed neural networks (Physics-Informed
Neural Networks) and analytical contact mechanics models for
functionally graded materials, the aim is to significantly improve the
accuracy of predictions regarding the structural integrity and
service life of this class of structures, and to reduce the
computational cost of the design loop compared to full three-

Dariusz M.
Perkowski
+48 571 443 034

Tassilo Moritz
+49 351 2553-
7747

Dariusz M. Perkowski
d.perkowski@pb.edu.pl

Tassilo Moritz

tassilo.moritz@ikts.fraunhofer.de
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dimensional finite element calculations.

The research work comprises the following tasks:

Development of a multi-scale digital twin model linking
manufacturing simulations (ceramic injection moulding, multi-
material printing, co-de-binding and co-sintering) with thermo-
mechanical modelling of a loose stack under high-temperature
operating conditions.

Modelling of sinter-joining of multi-material electrode shelves and
microstructured contact surfaces, limiting electrical resistance at
the electrode/interconnector interface.

Implementation of physics-inherent neural networks (PINN) and
probabilistic surrogates, trained on sparse, high-resolution FEM
data and enriched with analytical solutions from the contact
mechanics of functionally graded materials.

Bayesian uncertainty quantification and multi-criteria optimisation of
topology and material gradients, ensuring the required design
robustness and a significant reduction in computational cost
compared to a full 3D FEM model.

Experimental validation of the model on individual cells and short
stacks, using impedance characteristics, current-voltage curves
and long-term galvanostatic tests.

17.

Dr Dariusz M. Perkowski,
Eng., Prof. at the Bialystok
University of Technology,
Institute of Mechanical
Engineering, Bialystok
University of Technology

Dr.-Ing. Tassilo Moritz,
Head of the Department of
Processes and
Components,

Fraunhofer Institute for
Ceramic Technologies and
Systems IKTS,

Multiphysical topological optimisation of
additively manufactured monolithic SOFC
fuel cells with an integrated catalytic
reformer

The proposed topic for a doctoral thesis (DC) aims to develop a
methodology for the simultaneous, multiphysical topological
optimisation of the electrolyte geometry, the porosity gradient of the
electrodes and the microarchitecture of the integrated catalytic
reformer in monolithic, additively manufactured SOFC fuel cells.
The work involves the coupling of cell electrochemistry (Butler—
Volmer kinetics together with concentration polarisation), heat
transfer under rapidly changing thermal transients, thermoelasticity
at elevated operating pressures, and internal catalytic reforming of
hydrocarbons with coking suppression on the nickel electrode. By
developing a multi-physics, multi-criteria optimisation problem and
validating it experimentally, the aim is to achieve high gravimetric
and volumetric power densities and thermo-mechanical resistance,
unattainable with conventional planar or tubular designs.

Dariusz M.
Perkowski
+48 571 443 034

Tassilo Moritz
+49 351 2553-
7747

Dariusz M. Perkowski
d.perkowski@pb.edu.pl

Tassilo Moritz

tassilo.moritz@ikts.fraunhofer.de
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Winterbergstr. 28, 01277 The research work comprises the following tasks:
Dresden, Germany Formulation of a multi-physics optimisation problem for the

topology coupling electrochemistry, heat and mass transport, and
the thermo-elasticity of a cell operating under high-temperature and
elevated-pressure conditions.

Incorporating the manufacturability constraints arising from Multi-
Material Jetting and Vat Photopolymerization technologies (voxel
resolution, layer thickness, light distribution, compensation for UV
absorption by metalic phases) directly into the optimisation
problem.

Use of analytical contact mechanics models for functionally graded
materials as fast thermo-mechanical evaluators in the inner loop of
multi-criteria optimisation.

Design of the microstructure of an internal reformer (ceramic
scaffold infiltrated with catalyst) ensuring a high catalytic surface
area, uniform temperature distribution and resistance to coking
under direct methane and e-methane feed.

Experimental validation on single cells and multi-cell bundles,
including electrochemical and thermo-mechanical (rapid cycling)
tests, as well as operation at elevated pressure.
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