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#1 UmMatCrashML workflow

rail000Tmat00001

FEM model of a part

—_—> UmMatCrashML —

Input vector

Geometry: Ar_uvmap

Output vector

Material: sig_0 Ar-Isdyna (sheet thickness)

Material: sig_c effective plastic strain

Material: eps_c

Material: sig_a
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Extraktion der Strukturbauteile aus LS-DYNA FE-Modellen Model

« Script-based component
extraction with python package
scale.femscale.fem

« automatic data upload
SCALE.sdm

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

[ ] [ ]
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Automatic model creation - Onestepsolver

ith scale.dynapy (Ar_uvmap)
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Parametrization of the materials (o, o,, €., 7,)
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Integration

ClearVu
Python Package

« CVA-Python (Python Paket)

« trained Al model package (Python Paket)

» Integrated models for fast mapping

« Updateable via standard Python mechanisms
(pip)

ClearVu

Python Package

1 import pandas

2 from cva import Base

3 from umatcra import Base
4 manager = Base.Manager()

1 manager.get_input_variable_names()
{'Ar_lsdyna': ['Ar_uvmap', 'mat_eps c', 'mat_sig @', 'mat_sig a', 'mat_sig c'],
‘epseqpl’': ['Ar uvmap', 'mat eps c', 'mat sig @', 'mat sig a', 'mat sig c']}

1 df = pandas.DataFrame([[.2, .1, 2008., 380, 250]],
2 columns=['Ar_uvmap', 'mat_eps c', 'mat_sig @', 'mat_sig a', 'mat_sig c'])
df

Ar_uvmap mat eps ¢ mat sig 0 mat_sig a mat_sig c

0 0.2 0.4 200.0 300 250
1 manager.predict(df)

Ar_lsdyna epseqpl
0 1.084302 0.138254

SCALEZZ dVIS

# umatcra Python Package (0.1.1)

Search docs

B The umatcra Python Package
Changelog
Getting started

Python API

1aI0001Ma100160

# / The umatcra Python Package

The umatcra Python Package

This package contains a specialized multi-objective optimizer with focus of minimizing the number
of evaluation calls. In addition, restrictions can be added to the optimization task.

Changelog
Version Changes
0.01 Initial version.

Getting started

First, you need to instantiate a manager object.

1 from umatcra import Base

3 manager = Base.Manager()

The manager object loads the models for Ar_Isdyna and epseqpl. You can check the names for the
input and output variables with

1 manager.get_input_variable_names()
2 manager.get_output_variable_names()

In order to use the models, you need a pandas data frame with columns named as the input
variables of the models.

Ar_uvmap mat_eps_c mat_sig_0 mat_sig_a mat_sig_c
0 1.046333 0.1921093 168.35937 325.78125 228.51562

1 1417264 0.1601818 648.98071 1324.4262 909.67407

1 df = pandas.DataFrame(....)

3 manager.predict(df)
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UmMatCra-ML Workflow

« Software-Demonstrator: SCALE.sdm with ClearVu

SCALE.sdm
T} Project | B2 Modet

¥s' Result

[ ] [ ]
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Al training data

data generation, data management
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data management with SCALE.result

Data storage per part

SCALE=2 dvis

J.ICAVIT XI+

« > C & demo.sdm.scale.eu/cavit/dashboard

<% -5 %% 00 @D

SCALEsdm B resn v wowr v & = 2 =
W Projects and Collections X O~ B Grd O
& Projects 4 = Draghereto set row groups c . =l | DigiProTests -~ M
Run Name
UmMatCraML [}
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B8 Collections + <
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it Partlrogue-v2__2001377_fender_.. 2024-03-15,3:11:28 PM
it Partjrogue-v2__2001376__windshi.. 2024-03-15,3:11:25 PM
i Partjrogue-v2__2001375_hoodst.. 2024-03-15,3:11:22 PM
i Partlrogue-v2__2001374__hoodst.. 2024-03-15,3:11:20 PM
¥ Scenaros X o Partjrogue-v2__2001373__default. 2024-03-15,3:11:18 PM
Quickfilter.. Cc R == it Partjrogue-v2__2001372__fenderb.. 2024-03-15,3:11:13 PM
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Partjrogue-v2__2001369_ fenderb.. 2024-03-15,3:11:07 PM
Partjrogue-v2__2001368__default. 2024-03-15,3:11:05 PM
Partjrogue-v2__2001367__10_fen.. 2024-03-15,3:11:03 PM
Partjrogue-v2__2001366__default. 2024-03-15,3:11:00 PM
Partlrogue-v2__2001365_default.. 2024-03-15,3:10:57 PM
Partjrogue-v2__2001364__default. 2024-03-15,3:10:55 PM
Partjrogue-v2__2001363__default. 2024-03-15,3:10:51 PM
Partlrogue-v2__2001362_default.. 2024-03-15,3:10:49 PM
Partlrogue-v2_2001361_10_fen.. 2024-03-15,3:10:46 PM
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HFS - parametrisiertes Tiefziehmodell

Numisheet 2021 - Benchmark 1

54

[ ] [ ]
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HFS-Modell #1: Geometrie-Variationen

Time = 0 Effective Plastic Strain Time = 0 Effective Plastic Strain
Contours of Effective Plastic Strain 1.545e-01 Contours of Effective Plastic Strain 1.892e-01
max IP. value max IP. value
::T—%' ;;:lser:::gonzo 1.390e-01 ] min=0, at elem# 500020 1.703e-01 ]
=0.. K m# 510860 1.236e-01 | max=0.189225, at elem# 512023 1.514e-01 |
1.081e-01 _ 1.325e-01 _
9.270e-02 _ 1.135e-01 _
7.725e-02 _ 9.461e-02 _
7.569e-02 _

.677e-02 _|

L

Time = 0 ) ) Effective Plastic Strain . ] Effective Plastis rain
rC"u‘ll:l::r:‘oI::ﬁechvl Plastic Strain 2.164e-01 ;“:'ZI'E(:(I):I':;I)r‘::e(ﬂVE Plastic Strain . 2‘:;;:;:
min=0, at elems 500020 3:948e:01 l min=0, at elem# 515802 1.894e-01

', 1.731e-01 | max=0.210475, at elem# 547469 1.684e-01 |

1.515e-01 _ 1.473e-01 _

1.299¢-01 _ 1.263e-01 _

1.082e-01 _ 1.052e-01 _

8.657e-02 _ 8.419¢-02 _

6.493e-02 _ 6.314e-02 _
4.209e-02
l 2.105e-02

.000e+00 |
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Parametrization of the materials (o, o,, €., 7,)

UOOFeDP980OR01T1.405W12.7
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5000 generic hardening curves
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AP 1: continuous , real material DB"” vs. continuous ,,virtual material DB”

Fit of the Hockett-Sherby parameters from real materials tests vs. sampling of virtual material parameters
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ClearVu Al models

accuracy, performance
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Modellierungsaufgabe

Eingangsseitig Ausgangsseitig
= Bauteil spezifische Parameter = simulativ ermittelte Flachendehnung und

_ Werkstoff ¢,, g, g, und a, effektive plastische Dehnung

= FUr jedes Flachenelement die Flachendehnung — Ar_lsdyna
— Ar_uvmap — epseqpl
@
®
/
Geometry: Ar_uvmap g
Material: sig_0 - Ar-Isdyna (sheet thickness)
Material: sig_c effective plastic strain
Material: eps_c ® -

Material: sig_a
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rail0001mat00296 Ar_Isdyna

railo0001mat00296

0o = 115.38, 05 =629.2, 0e =0.13, 0. = 168.7

Ar_Isdyna Ar_Isdyna_pred
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rail0001mat00296 epseqpl
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Accuracy OSS vs. Al & Performance

 prediction time for 10000 Elements 0.767 s + 43.3 ms o Intel i7-8550U CPU @ 1.80GHz
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Challenges
Summary
Outlook
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Diskussion der Herausforderungen

. Mehrstuflge Herstellungsprozesse (Biegen nach Zuschnitt) und Rohre

ard O

« Zuschnitt mit Loch bei Herstellung (Seitenrahmen)

‘L =
[ ] [ ]
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Types of training data

One-Step-uvmap

Input vector

Multi-Step-uvmap*
.. Geometry: Ar_uvmap

55 5s

) Material: sig_0
i Material: sig_c
2% 11 L Material: eps_c
KRN Material: sig_a
) [ , 9?04 h&\-' 1036

LFS - One-Step

LS-DYNA keyword deck by LS-PrePost
Contours of effective plastic strai

HFS - deep drawing with tools

plastic strain
1.600e-01 deck by LS-PrePost
=1, at elem# 674845 s ]
1.280e-01 |
1.120e-01 _

9.600-02 _
8.000e-02
6.400e-02
4.800e-02 _|
3.200e-02__

oooooooooo

o
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Summary

« Workflow prototypically modelled with SCALE.sdm and ClearVu

SCALE.sdm

H'nProject aModel Vg Result

ClearVu
Python Package

« Proven functionality I

[ ] [ ]
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