
1

Workshop / Radionica 

“Innovation in engineering design”

“Inovacije u inženjerskom projektiranju”

27-28. January 2011, Rijeka

Presenter Name & Surname

Institution, Country 

Presenter Name & Surname

Title of presentation Title of presentation Title of presentation Title of presentation 
2M5: Multi-field, Multi-scale, Multi-body, Multi-phase, Multi-objective

M5 application areas

3

M5 approach

Multi-field

Multi-scale 

Multi-body 

Multi-phase 

Multi-objective

Micro

Macro

4

Multi-field problems

Coupled analyses of mechanical – thermal - magnetic fields when combining radial forging with inductive heating
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Coupled Macro – Micro analysis
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Microstructural predictions by CA
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Cold precision forming
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Damage at macro & micro scales
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Damage at macro & micro scales
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Damage at macro & micro scales
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Maximum load
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Press deflections

 

   

   

   
   

   

 

Eccentric load in multistage
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Stochastic interactions

F(u,φφφφ)

Reliabilty

Scatter

R(u,φφφφ) = 0

φφφφ

response

primary influential parameters
14

Porušitveni mehanizmi
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Statistika ciklov do porušitve 2009
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skupni graf
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Aloha Airline Flight 243

19 years
89,090 number of takeoff-landing cycles
(the second most cycles for a plane in the world at the time — well beyond the 75,000 trips it was designed to sustain). 
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High cycle fatigue
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Teorija deformacij I.
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Simo, J.C.; Hughes, T.J.R. (1998) Computational Inelasticity, Springer-Verlag New York

),,,( bbaa
ppΨ  a set of global equations  

),,,( bbaaΦ
pp     a set of local equations 

{ }mpl λ,1−= Cb  a vector of unknown state variables defined for each integration point 

1−
plC  inverse plastic right Cauchy strain tensor 

e
B  elastic left Cauchy strain tensor  
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Teorija deformacij II.
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Hyperelastic Neo-Hookean Strain Energy Function

f  yield condition  

mλ   plastic multiplier 

Ψ
K  global tangent matrix  

Φ
K  local tangent matrix  

τ  Kirchoff stress tensor  

eB   elastic left Cauchy strain tensor  

pε&   equivalent plastic strain  
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Prenos toplote

24

Elektromagnetna polja

H magnetic field strength, J current density, E electric field strength, D electric flux density, B magnetic flux density and ρ charge density.

Faraday, Gauss, Ampere, Maxwell`s  laws,

Magnetic                   Thermal Mechanical
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Občutljivostna analiza
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Contact sensitivity

Total derivatives of the contact tractions

Total derivatives of the nodal force vector
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Contact sensitivity

Sensitivity pseudo load vector
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Code development system

Finite element
solution
environment

O
p
ti
m
iz
a
ti
o
n
   
s
h
e
ll

Symbolic system
for automatic 
code generation

Formulations

Preprocessing

Element sensitivity
terms

Element stiffness

Sensitivity terms of
response functionals

Sensitivity analysis

Direct analysis

Sensitivity of
responsefunctionals

- constitutive models
- element formulation
- response functionals
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International collaboration

       Academic institutions 
 
     CIMNE - International Centre for Numerical  
     Methods in Engineering, Barcelona (ES)  
     Korea Advanced Institute of Sci & Technology (KR)  
     Polish Academy of Sciences (PL)  
     Polytechnical University of Catalunya (ES)  
     Risoe National Laboratorie (DK)  
     Technical University of Denmark (DK)  
     Technical University of Hannover (DE)  
     University College of Swansea (UK)  
     University of Erlangen-Nuernberg (DE)  
     University of Ljubljana (SI)  
     University of Padua (IT)  
     University of Stuttgart (DE) 
     . 
     . 
     . 
     Technical University Clausthal 

     Industrial partners 
 
     BAYER (DE)  
     BÖHLER (AT)  
     B&L MASKINFABRIK (DK)  
     CORUS (NL) 
     CERATIZIT (LU)  
     DANFOSS (DK)  
     GFM (AT) 
     GRUNDFOS  
     IMPRESS (FR) 
     IMPOL (SI)  
     ISKRA-AVTOELEKTRIKA (SI) 
     PLANSEE (AT)  
     PSA PEUGEOT CITROEN (FR)  
     ROCKFIELD (UK)  
     SIAP-CARRARO (IT)  
     SKODA (CZ) 
     TALUM (SI  
     TEKFOR (IT)  
     THYSSEN-KRUPP-PRESTA (LI) 
     UNILEVER (UK) 
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5th Framework programme

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  
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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 
 

 

32

Mechanical forming of shaped cans

33

Polymer coated sheets

34

Saline test performance of polymer coated cans

35

Technological problems

delamination cracking
roughening

steel

polymer
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Knauss WG, Emri IJ. Non-Linear Viscoelasticity based on Free-Volume Consideration,Computers & Structures, 13(1-3):123-128 1981.
Knauss WG, Emri I. Volume Change and the Nonlinearly Thermoviscoelastic Constitution of Polymers, Polymer Engineering and Science, 27(1): 86-100 1987.

K … bulk modulus , G … shear relaxation modulus, t’ … material time
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Molecular dynamics: silane molecules 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. 
 
S. Kisin, J. Bozovic Vukic, P.G.Th. van der Varst, G. de With & C.E. Koning Estimating the Polymer-Metal Work of Adhesion from 

Molecular Dynamics Simulations, Chem. Mater. 2007, 19, 903-907 
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Preoblikovanje polimerno-kovinskih laminatov

delamination cracking
roughening

steel

polymer
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Can manufacturing

40

Temperature effect on ironing
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Axial force measurements
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Predicted temperature increase for different production speeds
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Heat transfer (FEM)

• Modeling of dissipation processes

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 modeling and analysis of cutting process (DEM)

• DE analysis with rigid particles in elastic potential

• DE analysis with elasto-plastic finite elements

M5 modelling of the Cofiplast stone cutting process
Flow Analysis – Velocity Profile

Meso-scale model of cutting process

• Geometry and SEM pictures of the structure and associated FEM model

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

46

Heat transfer (FEM)

• Modeling of dissipation processes

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

Conclusions
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6th Framework programme

 
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 
• C3M d.o.o., 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 
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Deagglomeration of nano-particles

F
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Fluid – particle interactions

Multi-field

Multi-scale 

Multi-body 

Multi-phase 

Multi-objective

52

53

Multi-scale model

Macro - impact scenarios

Micro –breakage mechanisms
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Stirred media mill
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Sense of touch
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Mechanotransduction system in human skin 
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NanoBioTact

Real Virtual Robotic

Real response Virtual response Robotic response

Inverse Optimisation

Real Virtual Robotic

LOAD
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Multi-scale Virtual Taction Model

Nano                  Micro               Meso                Macro        Length Scale

Molecular based 
mechanotransduction

Cell 
mechanics

Interactions between skin & 
mechanoreceptor cells

3D tactile scenarios
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Microneurography

 
 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

Display        

Audio          

Storage and 
analysis 

 

Activation of a  
mechanoreceptor 

A single nerve discharge,  
a ”nerve spike” 

(a) Neural activity is recorded from single, identified nerve fibres, so-called single-unit recording 

(c)  Dynamic platform used to slide 2 types of surfaces across the fixed finger tip (200 mN normal force, 20 mm/s) 
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Stimulation 
Average potential 
field at 220 ms after 
start of stimulation 

1. EEG recording using a 64-channel cap; Dynamic platform: sandpaper grade 180 on left index finger tip. 

2. Average EEG (of 140 runs) reveals a complex pattern of sucessive brain waves, reflecting central sensory processing  

         of tactile information 

• A thin (200 µm) needle electrode is 

inserted percutaneously into the median 

nerve, about 8 cm above the elbow. 
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M5 development vision

Multi-objective

Multi-phase

Multi-body

Multi-field

Multi-scale 

1990                  1995                 2000                        2005                       2010 6060

MEMS micropropulsion for precise manoeuvring of satellites

3D proximity 
operations

TARGET

MAIN
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61

Torek 15 Junij, 2010 
Raketa nosilka 

DNEPR
Kozmodrom YASNY, 

Rusija
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Tržno zanimivi satelitski razredi

TOPSAT
SSTL 100 

OrbComm

Envisat

TUBSAT

Cubesat

Veliki Mini Mikro Nano Piko

400k€/kg

300k€/kg

200k€/kg

100k€/kg

Kompleksnost sistemov Miniaturizacija sistemov

63

Remote sensing of Slovenia DP1 Daljinsko zaznavanje

65

Test Lapan -Tubsat

SLOVENIJA 6.6.2010

KONTROLNA STRATEGIJA

Hitrost: 7,5 km/s

CILJ

END

tomaz.rodic@space.si


