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Idea: remesh → unfold → area strain → AI(mat) → thickness & plastic strain
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UmMatCrashML workflow

FEM model of a part

ClearVu AI model

Input vector

Geometry: Ar_uvmap

Material: sig_0

Material: sig_c

Material: eps_c

Material: sig_a

Output vector

Ar-lsdyna (→ sheet thickness)

effective plastic strain

UmMatCrashML

Initial conditions of a part



Pre-Processing

Geometrical one-step unfolding
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Extraction of structural components from LS-DYNA FE models

• Script-based component 
extraction with python package 
scale.fem

• automatic data upload 
SCALE.sdm

[https://www.ccsa.gmu.edu/models/]

BIW
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• Automatic preprocessing with scale.dynapy

• Optional estimation of the coil blank size and shape

Geometric Onestepsolver

Input vector

Geometry: Ar_uvmap



Material description

Generic, continuous material database



9

Considère condition for plastic instability

[Armand Gabriel Considère, The Use of Iron and Steel in Construction, 1885]

Armand Gabriel Considère
(1841-1914)

[fr.wikipedia.org/wiki/Armand_Consid%C3%A8re]

diffuse necking
(strain rate dep.)

localized necking
(geometry dep.)

fracture

Uniform deformation
(hardening dep.)

Considère condition:
start diffuse necking

UTS
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[NumiSheet2022 – DP980]

Considère condition:
start diffuse necking

sig_0 = 474.1 MPa, Rm = 1002.2 MPa, Ag = 0.078, sig_a=1274.3 MPa 

sig_c = 1080.4 MPa,  eps_c = 0.075
c = 3.046 , n = 0.296

HS474Y1002T078C1274A

Input vector

Material: sig_0

Material: sig_c

Material: eps_c

Material: sig_a
Oleg D. 
Sherby

(1925–2015)

John E. 
Hockett

Wilhelm von 
Ockham

(1288–1347)
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“Steel banana” with uniaxial material instability (diffuse necking )

Suwanpinij, Piyada. (2016). 

The Synchrotron Radiation 
for Steel Research.
Advances in Materials 

Science and Engineering. 
2016. 10.1155/2016/2479345. 



ClearVu AI model

training data, accuracy, performance
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UmMatCrashML workflow

FEM model of a part

ClearVu AI model

Input vector

Geometry: Ar_uvmap

Material: sig_0

Material: sig_c

Material: eps_c

Material: sig_a

Output vector

Ar-lsdyna (→ sheet thickness)

effective plastic strain

UmMatCrashML

Initial conditions of a part
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Integration

• CVA-Python  (Python Paket)

• trained AI model package (Python Paket)

• Integrated models for fast mapping

• Updateable via standard Python mechanisms 

(pip)
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Accuracy LFS vs. AI & Performance

• prediction time for 10000 Elements 0.767 s ± 43.3 ms o Intel i7-8550U CPU @ 1.80GHz



Verification & Validation 

High fidelity simulations (HFS)

Low fidelity simualtions (LFS)

FE model „KA Demonstrator“: KIRCHHOFF Automotive Deutschland GmbH
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Validation FE model „KA Demonstrator“: Mesh unfolding → Ar_uvmap

FE model „ssab“: KIRCHHOFF Automotive Deutschland GmbH

„Geometric“ Area strain

Ar_uvmap
Preprocessing:

Geom. unfolding
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Validation ssab HS150Y273T284C450A -  Which one is HFS, LFS, SKI?

?

?

?
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Validation ssab HS150Y273T284C450A -  Which one is HFS, LFS, SKI?

High fidelity simulation (h)

Low fidelity simulation (min)

AI prediction (s)
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Validation -  HS150Y273T284C450A – HFS vs. LFS

High fidelity simulation (h) Low fidelity simulation (min)
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Validation -  HS150Y273T284C450A – HFS vs. LFS

High fidelity simulation (h) Low fidelity simulation (min)



22

Validation -  HS150Y273T284C450A – HFS vs. SKIc

High fidelity simulation (h) AI prediction (s)
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Validation -  HS150Y273T284C450A – HFS vs. SKIc

High fidelity simulation (h) AI prediction (s)



Yaris Modell

[https://www.ccsa.gmu.edu/models/]
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Validation – Yaris – Part 235 – b pillar upper internal r
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Validation – Yaris – Part 235 – b pillar upper internal r



Validation – Yaris – Part 76 - trunkframe upper middle



Validation – Yaris – Part 76 - trunkframe upper middle



Validation – Yaris – Part 73 - radiator framer



Validation – Yaris – Part 73 - radiator framer



Validation – Yaris – Part 106 – rail inner support 2



Validation – Yaris – Part 106 – rail inner support 2



Validation – Yaris – Part 176 - wheelwell inner rear 



Validation – Yaris – Part 176 - wheelwell inner rear 



Conclusion
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Conclusion: No FEM, Python only, lightning fast, relatively acurate

Guido van Rossum

(1956 -)

Python only
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