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1. Motivational Introduction Example

2. Metamodels and Classifier

3. Results and Visualization

4. Summary and Outlook

Outline
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Sheet Metal Forming Simulation with Dynaform® (eta)
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Sheet Metal Forming Simulation with Dynaform® (eta)
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Material Database available via DYNAmore sales team
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Sheet Metal Forming Simulation with Dynaform® (eta)
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Case Study – Process
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■ Scalar measurement for formability in case of nonlinear strain paths
■ Based on converted FLC
■ Example: 
■ uni-axial pre-strain
■ followed by uni-axial, plane strain, bi-axial

Sheet Metal Forming Simulation with Dynaform® (eta)
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Sheet Metal Forming Simulation with Dynaform® (eta)
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Sheet Metal Forming Simulation with Dynaform® (eta)
■ Everything within specifications

■ (Of course: Depends on the specification in the showcase)

■ Let‘s start production!

■ What could go wrong?
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■ Workpiece
■ CAD discretization during meshing

■ Material
■ One material card

■ Process
■ Operation sequences / method
■ Boundary conditions

■ Tool
■ Working surface

■ Press
■ Generally neglected

■ Scatter of all parameters
■ Generally neglected

Robustness and Numerical Process Simulation

Diss. ETH Nr. 20160, Raphael Hitz, 2012
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Robustness and Numerical Process Simulation
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■ Literature study for DC04
■ Gosh-type hardening

■ 𝜎𝜎𝑦𝑦 𝜀𝜀𝑝𝑝 = 𝑘𝑘 𝜀𝜀0 + 𝜀𝜀𝑝𝑝
𝑛𝑛 − 𝑝𝑝

■ 𝑘𝑘 = 𝑅𝑅𝑚𝑚 𝐴𝐴𝑔𝑔+1 −𝑅𝑅𝑝𝑝𝑝𝑝
𝜀𝜀𝑝+𝑓𝑓𝑛𝑛 𝐴𝐴𝑔𝑔+1

𝑛𝑛−𝜀𝜀𝑝𝑛𝑛

■ 𝑝𝑝 = 𝑘𝑘𝜀𝜀0𝑛𝑛 − 𝑅𝑅𝑝𝑝02
■ 𝜀𝜀0, 𝐴𝐴𝑔𝑔, 𝑛𝑛 fixed 

Robustness and Numerical Process Simulation

DISS. ETH Nr. 24853, FLORIAN QUETTING, 2018
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■ Highly nonlinear finite element simulations are computationally expensive
 metamodel  or classifier approximations are used to evaluate statistics

Virtual Robustness Analysis

Metamodel
Approximation of response

Classifier (Support Vector Classification)
Approximation of constraint boundary
• Feasibility of each design
 Constraints for optimization or reliability analysis
 Adaptive Sampling
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■ Iteratively add space-filling or adaptively selected samples
■ Convergence
■ metamodel accuracy 
■ probability of failure

Sequential Monte Carlo Analysis
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■ Sequential metamodel-based Monte Carlo Analysis
■ 5 simulations per iteration, 10 iterations
Improvement of metamodel and 

classifier approximation in each iteration
Improvement of estimation of probability

of failure, mean value,  standard deviation, …

Case Study – Setup for Robustness Analysis
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■ Definition of classifiers
Case Study – Setup for Robustness Analysis
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■ Adaptive Sampling – using classifiers!
■ 3 points adaptive (near classifier boundary) using classifier with components

■ 𝑚𝑚𝑚𝑚𝑚𝑚𝐸𝐸𝐸𝐸 𝑚𝑚𝑚𝑚𝑛𝑛𝐼𝐼𝐼𝐼 𝑭𝑭𝑭𝑭 < 1
■ 𝑚𝑚𝑚𝑚𝑚𝑚𝐸𝐸𝐸𝐸 𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 𝒓𝒓𝒕𝒕𝒓𝒓𝒓𝒓𝒕𝒕𝒕𝒕𝒕𝒕𝒓𝒓𝒕𝒕 < 35

■ 2 space filling points

Case Study – Setup for Robustness Analysis
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■ Noise variables
■ Scatter constituted by means of

statistical distribution
■ Correlation between variables

Case Study – Setup for Robustness Analysis
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Case Study – Metamodel Quality and Convergence
■ Metamodel quality ■ Convergence
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Case Study – Comparison of Failure Boundaries
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Case Study – Thickness Reduction

Constraint: thickness reduction,
10000 samples
Mean = 33.9
Standard Deviation = 1.43
PoF metamodel = 0.164
PoF classifier = 0.165
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Case Study – Formability Index

Constraint: FI, 
10000 samples
Mean = 0.845
Standard Deviation = 0.0517
PoF metamodel = 0.0176
PoF classifier = 0.0153
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■ Which parameter influences the responses?
Case Study – Sensitivities
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■ Statistical values as fringe component in LS-PrePost
Case Study - DYNAStats

1 

2 

3 
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■ Based on calculated simulations to generate the metamodels
Case Study – Identification of critical zones

3.02.41.81.20.60.030.022.014.06.0-2.0-10.0

Maximum Value Standard DeviationMean Value

30.022.014.06.0-2.0-10.0
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■ Comparison of initial yield curve to the yield curves of the 50 simulations
■ NOT a scaling
■ Shape and slope changes

Summary 
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■ Workpiece
■ CAD discretization during meshing

■ Material
■ One material card (one part of it)

■ Process
■ Operation sequences / method
■ Boundary Conditions

■ Tool
■ Working surface

■ Press
■ Not in general accounted for

■ Scatter of all parameters
■ Not in general accounted for

Summary
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■ The metamodels in this case are quite similar, due to assumptions. 
Summary 
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Outlook
■ LS-Dyna inputs can be easily parametrized
■ *PARAMETER(_EXPRESSION)
■ *PART_MOVE
■ *CONTROL_FORMING_INITIAL_THICKNESS
■ *CONTACT ... (FS, FD, …) 
■ *DEFINE_CURVE (SFA, SFO, OFFA, OFFO, …)
■ …

■ Challenges:
1. Having a suitable simulation model of your process
2. Finding the right parameters for your case
3. Getting a reliable range of data for your parameters
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