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s My background MATTER

* Professor of Materials Technology in Institute Of Technology
* Lead Simulation Scientist in Milrem Robotics
* Estonian Group leader in CTF-3 experiment in CERN since 2013

e Background
* BSC in Physics
 MSC in Applied Physics
 PHD in Physical Engineering
* Postdoc in University of Helsinki

e Chartered Mechanical Engineer, EstQF level 8
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Functional materials in extreme environments
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Practical simulation capacity

Solid Mechanics

Fluid dynamics
e Turbulent flow
e Laminar flow
* Multiphase flow

Heat transport(with conduction and convection)
AC/DC

* Electrostatics, electrodynamics

Diffusion
* Chemical reactions
» electrochemistry(batteries/fuel cells)

Acoustics

General second order partial differential equations

Multiphysics!



Extensive plastic deformation

V. Zadin, University of Tartu



Sk, Material damage due to the
lll & plastic deformations
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* Elastoplastic deformation of material, simulation 43 o)
of large strains 3: S v kgt o)
» Very good agreement between the experimental s 3
measurements and simulation results £5Y
» oK
* Wide range of applications 15
1

* Different materials
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Il : Material fatigue damage
EWS

* Fatigue is the weakening of a
material due to periodic loads.

» progressive and localized structural
damage

* maximum stress values that cause
fatigue may be much less ultimate
tensile stress or the yield stress

* Application example: High-Cycle
Fatigue of a Reciprocating Piston
Engine

* The critical point is at the fillet
close to the top end of the
connecting ro

* Predicted fati%ue life is longer than |
twenty-five billion cycles al

MATTER



Acoustics: two room MATTER
apratment

Frequency: 200 Hz Frequency: 90 Hz

freq{i191)=200 Swurface: Total acoustic pressure fleks (Pa) freq(81)=%0-Slrface; von Mses stress Pa)




Time dependet mechanical responses

Time=0%

Surface; von Mises skress (Pa)
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Il ¢ Trench design - experiment

V. Zadin, University of Tartu
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S Automated design MATTER
i examples *

Optimization

V. Zadin, University of Tartu



Worktlow: from idea MATTER
to product
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WU et al.: INFILL OPTIMIZATION FOR ADDITIVE MAh7FACWRING

* Automated design ! "‘,S

* Material minimizat : ~
strength is reachec. https://www.3dcadworld.com/topology-optimization/

* Real time movie of the calculation o
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laser cutting!

V. Zadin, University of Tartu



Time=0 Surface: von Mises stress, Gauss-point evaluation (N/m’)
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Benchmark cases
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Optimization of breakdown

testing bench in CERN
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* The problem: Edges of electrode 10|
enhance field and attract breakdowns _ 1odl
* Automtic electrode shape design by % ol
applying geometry optimization Eoal
* The aim: reduce field enhancement as ‘; o]
2 655

much as possible |
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r-coordinate (mm)

=~ Initial electrode |
Optimized electrode

© e Final Cad implementation of

: optimized geometry shows some

0 oscillations of field enhancement

30 near the edge

* + Maximum field enhancement ~1.06

N in new CAD geometry, vs. ¥1.03 in
optimized and ~1.25 in initial one
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Current density in a micro battery MATT ER

* High current is achieved only in case of
correct electrode geometry!

* Suboptimal geometry will lead to lower
performance than in case of
conventional battery

Concentration aradient (mol/m?*)
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e, Design optimization of wood  maTrer
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* Firewood drying — cheap, easy to build custom made
equipment is needed

* All companies supported by Enterprise Estonia (EAS)



Ay Air flow in the kiln s
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%uggug Temperatuur, niiskus, hallitus

Time=0 s Particle trajectories
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* Simu pikkus ~6 kuud ... 2 aastat

» Valistemperatuur ja 6huniiskus ilmaje Soojustusmaterjaid, pérandamaterjalid
* Ajasamm 30 minutit * Arvutusse kaasaatud
* Eeldatud on ajas muutumatut tuulutust (eelnevalt vdlja arvutatud) + Valja jaetud visualiseerimisest

V. Zadin, University of Tartu
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mi: Maximum Mould index MATTER
= pehaviour in time

0 [days] Volume

AW —




PR Nonisothermal air flow withmass

Il & transport

Aeg: 23.99 (Min)

* CO concentration in a living room
e Test case for Nublu CO sensor by G4S

V. Zadin, University of Tartu * Presented in "Ringvaade”, spring 2020
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* Long term strategic partnership

* R&D proposals and collaboration at Estonian and EU level
* Product development with Nutikas
* Participation in EU calls such as ERA NET etc. (industry partners needed!!!!)

e Student exchange
* Industry practice and internship of PhD students (couple of months)

* Industry PhD — collaborative PhD work with industry with co-supervision for novel R&D
in your company

* Industry inspired and induced MSC theses
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e st ey i Thank You fO r Your
attention!
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E-mail: vahur.zadin@ut.ee, alvo.aabloo@ut.ee, andreas.kyritsakis@ut.ee

Scannersock OU, Ars Inc, Aqua Consult Baltic OU

ERA Chair MATTER has received funding from the European Union’s Horizon 2020 research  Haridus- jﬂ Teadusministeerium
and innovation programme under grant agreement No 856705. Estonian Ministry of Education and Research




