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A Comfortable Situation?

Transregio 30

= A novel forming process
= Comprehensive real-world measurements
= A finite-element analysis providing high-resolution data

= A framework for Design and Analysis of Computer Experiments (DACE)
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...But
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The forming process
= features complex thermomechanically coupled effects

The experimental measurements
= are subject to noise
= cover only a part of the process

The finite-element analysis
= uses simplifications
= shows systematic deviations from reality

DACE
= |s limited in the number of included observations
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Outline

Transregio 30

= Methodological Foundations

= Thermomechanically coupled forming process
for functionally graded material

* Finite-element analysis of the forming process

= Combined DACE Metamodel
= Empirical modelling of real-world measurements
= Design and metamodelling of the finite-element simulation
= Hierarchical two-level metamodelling
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Methodological Foundations (DACE)
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= Nugget effect R =

Nugget Effect

e Evaluations
- Prediction
| 95% CIE
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Thermomechanically Coupled Forming
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Functionally Graded Material
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Finite-Element Analysis
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Outline
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Methodological Foundations

= Thermomechanically coupled forming process
for functionally graded material

* Finite-element analysis of the forming process

= Combined DACE Metamodel
= Empirical modelling of real-world measurements
= Design and metamodelling of the finite-element analysis (FEA)
= Hierarchical two-level metamodelling
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Modelling of Real-World Measurements 1/2
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High deformation degrees Sectional drawing
= Forming parameters fixed at maximum level at rotational axis
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Temperature T

Modelling of Real-World Measurements 2/2
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= |ndividual DACE models for each setting and measurement position
= (Consideration of the nugget effect

= Random sampling of n = 100 observations without replacement

= Mean error over all empirical models of 11.8 °C
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Metamodelling of the FEA Experiments 1/2
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Global prediction of the resulting temperature distribution
= Six runs of the FEA (for P = 6 kW, 12kW, ..., 42 kW)
— 200,000 observations

= Optimized 3D Latin-Hypercube Designs (LHD)
for each level of P

= Select data points closest to the 32 LHD samples
= Number of selected points N = 7-32 LHD + 16 corners = 240
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Metamodelling of the FEA Experiments 2/2
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Modelling
= Fit of DACE metamodels (intercept) based on MLE
= No nugget effect is allowed since the output of the FEA is deterministic
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Hierarchical Two-Level Metamodelling 1/4

Procedure

= Compute deviations
of the FEA based on
the empirical DACE
model for the
measurements

= Use Metamodel of
the FEA as
regression function

= Add systematic
deviations
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Hierarchical Two-Level Metamodelling 2/4
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Sequential sample selection

= 2964 observations for both measurements and FEA
(1,354 are outside the 95% CIE of the empirical models)

= Complex nonlinear behaviour
= Positions are fixed by the experiments

Initial design > Compute model <

\4

Validation

\4

Add observation with
maximum error
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Hierarchical Two-Level Metamodelling 3/4
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Hierarchical Two-Level Metamodelling 4/4
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Comparison with a measurement-based model

= Regular and sparse distribution of measurement positions results in a
singular Gaussian process model

= Combined model allows predicting the nonlinear temperature distribution

DACE model of the measurements Combined two-level metamodel
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Summary and Outlook
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Summary

= Two-level metamodel of a complex inductive heating process based on
= real-world measurements (no systematic modelling error)
= output of a finite-element analysis (high resolution)

= Specific model enhancements

= Sample selection for each component model

= Validation

Outlook

= |mprovement of the FEA model

= Violation of the assumption of normally distributed residuals
= Nonstationary covariance models
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