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Multi-field problems

Coupled analyses of mechanical — thermal - magnetic fields when combining radial forging with inductive heating

Microstructural predictions by CA
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Cold precision forming Damage at macro & micro scales

Damage at macro & micro scales Damage at macro & micro scales

Maximum load Press deflections
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Stochastic interactions

response

Reliabilty
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Porusitveni mehanizmi
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Teorija deformacij I.
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B, clastic left Cauchy srain tensor

Simo, J.C.; Hughes, T.J.R. (1998) Computational Inelasticity, Springer-Verlag New York

Teorija deformacij II.
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Obéutljivostna analiza

Contact sensi

Residual equation

Response functional

Design sensitivity

Sensitivity problem
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Code development system
Formulations
Preprocessing - constitutive models
- element f?'m.\anm
- response functionals
Finite element Symbolic system
solution for automatic
environment code generation
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Generated codes for the eval

Post-processing
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CIMNE - International Centre for Numerical
Methods ir eering, Barcelona (
Korea Advanced Institute of Sci & Technology (KR)
Polish Academy of Sciences (PL

Polytechnical University of Catalunya (ES)
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Technical University of Denmark (DK)
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Technical University Clausthal

Industrial partners

BAYER (DE)

BOHLER (AT)

B&L MASKINFABRIK (DK)
CORUS (NL)

CERATIZIT (LU;

DANFOSS (DK]

GFM (AT)

GRUNDFOS

MPRESS (FR)

MPOL (SI)
SKRA-AVTOELEKTRIKA (SI,
PLANSEE (AT)

PSA PEUGEOQT CITROEN (FR
ROCKFIELD (UK
SIAP-CARRARO (IT)

SKODA (C2)

TALUM (SI

TEKFOR (IT)
THYSSEN-KRUPP-PRESTA (LI)
UNILEVER (UK’

FP5/GROWTH-ENLUB (2002-2006)
Development of new environmentally acceptable lubricants, tribological tests and
models for European sheet forming industry

FP5/GROWTH-IMPRESS (2001-2005)
Improvement of Precision in Forming by Simultaneous Modelling of Deflections in
Workpiece-Die-Press Systems

FP5/GROWTH-COLT (1999-2003)
Improvement of Service Life and Reliability of Cold Forging Tools with Respect to
Fatigue Damage due to Cyclic Plasticity

FP5/GROWTH-SCANMAP (1999-2003)
A validated simulation support system for the optimal design of steel shaped can
manufacturing processes




6th Framework programme

FP6-NMP-STREP-POLYCOAT (2004-2006)
Economical exploitation of polymer coated steel sheet in large-scale production of new can types
by the European can industry

FP6-IST/NMP-VIF-CA (2004-2008)
Virtual Intelligent Forging — Coordination Action within the Sixth Framework Programme

FP6- IP- TUNCONSTRUCT (2005-2008)
Technology Innovation in Underground Construction — Integrated project

FP6-NMP-STREP-PROFORM (2004-2007)
Transforming nano-particles into sustainable consumer products through advanced product and
process formulation

FP6-NMP-STREP-NANOBIOTACT (2006-2009)
Nano-engineering biomimetic tactile sensors

Mechanical forming of shaped cans

Polymer coated sheets

Chromium oxide, 7.5 mg/m?
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Technological problems

roughening
cracking

delamination

Knauss-Emri model
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Mol lar dyr i silane on the surface of zinc oxide

(a) (b) (c)

Accelrys Materials Studio 3.0, Accelrys Software, Inc.: San Diego, http:/www.accelrys.com/products/mstudio/

A. Kornherr, S. Hansal, W.E.G. Hansal, G.E. Nauer, and G. Zifferer, Molecular dynamics simulations of the first steps of the
formation of polysiloxane layers at a zinc oxide surface, Macromol. Symp., 2004, 217, 295-300.

Kisi ozovic Vukic, P.G.Th. van der Varst, G. de With & C.E. Koning Estimating the Polymer-Metal Work of Adhesion from
eloculor Dynamics Simulations, Chem. Mater. 2007, 19, 903-907
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cracking

Can manufacturing

Temperature effect on ironing
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M5 modelling of the Cofiplast stone cutting process

matrix

Heat transfer (FEM)
. ing of di

Fluid simulations (FVM)
« Flow phenomena in the bit-stone area

ion pr

secondary chip |

| stone

- Estimates of aquaplaning effects |
Macroscopic modeling of friction and abrasion
« Contact forces by Striebeck friction law
« Abrasion by Archard law
Micro mechanical modeling and analysis of cutting process (DEM)
« DE analysis with rigid particles in elastic potential
» DE analysis with elasto-plastic finite elements

Meso-scale model of cutting process

Geometry and SEM pictures of the structure and associated FEM model

Figure 21: Effect of adhesion parameter on the cutting depth. In this case the adhesion param-
eter was set too low and the material is too brittle, resulting in very deep crack growth which
vould lead Ly fost cuttin

Flow Analysis - Velocity Profile

Velocity (m/s)

HJHT.HHHH?‘DM\“

0 30

Micro-scale cutting model - FEM-DEM with rigid body particles

Model:
- Particle dynamics: Newtonian law of motion
- Particles contact: elastic potential with treshold spring rupture distance

Conclusions

Heat transfer (FEM) i
) o i
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. g of
Fluid simulations (FVM)

« Flow phenomena in the bit-stone area

- Estimates of aquaplaning effects

Macroscopic modeling of friction and abrasion @

« Contact forces by Striebeck friction law

« Abrasion by Archard law

_Micro mechanical modelling and analysis of cutting process (DEM)
« DE analysis with rigid particles in elastic potential
« DE analysis with elasto-plastic finite elements




6th Framework programme Deagglomeration of nano-particles

- *

FP6-NMP-STREP-PROFORM (2004-2007)
Transforming nano-particles into sustainable consumer products through advanced product
and process formulation

Budget: 3.690.40 (EU contribution 2.399.35 EUR)

Companies:

BHR Group, UK

Bayer Technology Services, Germany
Unilever, UK

Rockfield Software Ltd, UK
C3Md.o.0., Slovenia

Universities:

Karlsruhe, Institute of Food Process Technology, Germany
Loughborough, Chemical Engineering, UK

Warsaw University of Technology, Poland

Poznan, Faculty of Chemical Technology, Poland
Birmingham, Chemical Engineering, UK

Fluid - particle interactions
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Multi-scale model Stirred media mill

Micro —breakage mechanisms Grinding media Filling ratio 70 % Filling ratio 90%
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Sense of touch

Mechanical stimulus

Mechanotransduction system in human skin

Neural response

Time Scale

Multi-scale Virtual Taction Model

Molecular based
mechanotransduction

3D tactile scenarios

Interactions between skin &
mechanoreceptor cells
A

Micro Meso Macro Length Scale

M5 development vision

Muiti-objective

Mulli-phase

Mutti-body

Muiti-field

Muiti-scale
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Microneurography

MEMS micropropulsion for precise manoeuvring of satellites
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Numerical analysis of a miniaturised cold gas thruster for
micro and nano satellites ‘

and Tomaz Rodie!'?

Aleksander Grm*, Tor- ndl,

Torek 15 Junij, 2010
Raketa nosilka
DNEPR
Kozmodrom YASNY,
Rusija

Remote sensing of Slovenia

Trzno zanimivi satelitski razredi

Kompleksnost sistemov Miniaturizacija sistemov
§ 400ke/kg =
300k€/kg Gubesat
Envisat ™,
200k€/kg p
¥ ” OrbComm ~ .-”
100kekg  TOPSAT & *» 7
SSTL-100 '
TUBSAT
Veliki Mini Mikro Nano Piko

Test Lapan -Tubsat

KONTROLNA STRATEGIJA

DP1 Daljinsko zaznavanje

(@) Kartiranje pokrovnosti tal

(b) Kiasifikacija kmetijskih pridelkov  (c) spremljanje naravnih nesreé

END

tomaz.rodic@space.si
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