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Tailored Microstructural Components

Wear-optimized tailored Load-optimized tailored
components components

EM. <OMPONENTE

WERK Kassel H — Dipl.-Ing. J. Clobes — Tel.: +49561 49059541 — Stand: 25.10.2011 — 3




Process Challenges

Heating Strategy Transfer

¥

Radiative
and
convective
losses

Intra-billet
heat flux

Source: Metform — University of Kassel
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FEM Simulation

Maxwell equations:

VxH= J+a—D
ot
VxE = _8_B
_ ot
FE Modeling VB=0
VD = pelec

Induced current density:

r ) r
3 ber(\2 S+ bei(\2 )

J=—— A R H,
or ber(\/z —)+7 bei(\/f —)
Simplifications: Y o
« 2D axissymmetric model Coupled thermo-electrical system (intra-billet heat flux):
* Inclinati f coil lected
nclination of coils neglecte oC, %—kVZT _0.

EM. <OMPONENTE

WERK Kassel H — Dipl.-Ing. J. Clobes — Tel.: +49561 49059541 — Stand: 25.10.2011 — 5




Model Verification
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Matlab and Comsol

Boundary
Conditions —
and
Parameters

1. feml.sol = asseminit

Comsol Model
(femmodel,

. ) "init', femmodel.sol) ;
Simulation Control

Output Parameters 2. fem.sol=femtime

(fem, "init', feml.sol,

Parameters — FEM Based Control
Architecture y [1) 7
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Numerical Optimization of the Heating Strategy

Steepest Gradient Descent Genetic Algorithm

Initial
lolm] Population
v !
| Evaluate Cost Random
Function Variation
v v
Determine Evaluation of
Gradient (d,) Fitness
! !
Update /,[m]: Apply
L=l +aydy Selection

N

1
Emse =NZ(T(%Z =0,¢ =tﬁna1)_]:1eﬁned(r;l’z =0,7 =tﬁna1))2

n=1
emse(] opt(t)) =min & mse(l (t))

Advantages and disadvantages: Advantages and disadvantages:
-Fast convergence -Suited for complex, nonlinear problems
-Requires gradient -Stochastic search

-Start-value dependent -Usually slower
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Heating Strategy

Strong Core-Surface Gradient Heating Strategy

Temperature Profile
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System design Testing,

Rapid Control Prototyping

Analysis
Modelling

Simulation

Testing
sub-sysems

Testing,
components

Controller
Design

Controller
Testing

Coding

Process Process

Control Control

Simulation Reality

Source: D. Abel and A. Bollig,
Rapid Control Prototyping,
Springer 2006
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Fuzzy Logic Controller

Fuzzy Logic Control Online Adaption
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Simulative Evaluation of Cycle Time Impact
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Application Results

Fuzzy Controller
development utilizing
Comsol

Fuzzy Controller

optimization utilizing Comsol

Direct translation into C-
code with no alterations
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Conclusion and Outlook

Conclusion
-Control of highly nonlinear system
-Complex optimization algorithms

-Implementation of complex, self adjusting
control algorithms

Opportunities:

-Highly flexible production system for high
precision mass customization

-Stable, tailored product quality properties

(dimensions, microstructural distribution, etc.)
. Source: Institute of Mechanics —Chair of Numerical Mechanics
-Adaptable to all thermo-mechanical processes

Future Challenges:

-Multi-form flanged shafts
-Complex geometries

-Mapping to sheet metal forming
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