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Q}C/ e-Xstream engineering

== The company
v Founded in 2003

= The Business: N
v" Simulation Software & Services
v 100% focused on material modeling

® Belgium
® Luxembourg

o
= The team __
v Strong & highly motivated ,:E“‘-Q?\S.‘J =
v High level of education A
/5
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o~ The product ""’“;{%asmarage ‘.{‘*ﬁ'
i . e
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¢/, TheIdea

=~ How can we design the optimal material ?

v Relation between the material microstructure (e.g. Fiber content,
length, orientation) and properties (e.g. Mechanical, Thermal,...)

=~ How can we select the optimal material?
v Link between material and structure performance

= How can we optimally process the material?
v" Relation between the process and product performance

design part :: : produce part

design material |::> choose material |::> process material
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¢/, The Customers

=~ Material suppliers
v Plastics
v Rubber
v Ceramics, hard metals
v Other: nano...

= Objectives
v To reduce material testing (time & cost)
v To improve material understanding
v To promote material usage

¢/, The Customers

= Material users
v" Automotive
v Airospace
v" Consumer / industrial products
v" Electronics

= Objectives
v To improve FEA accuracy & prediction
v To bridge the gap between processing & part design
v To reduce prototyping & testing (time & cost)
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¢/, The Material

o Composites

v Fiber reinforced polymers
¢ Short fiber
* Long fiber
¢ Endless fiber

v Rubber

* Particle reinforced

v Hard metals
e Crystallites

v Woven composites
¢ Endless fiber

v Nano
e CNT (electrical conductivity)

Q}C/ The Technology

Global behavior
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Method
Define separate phases (material law)
Define microstructure (ellipsoids)
Calculate average (macro/micro) results

Pros
Fast model preparation/solution
Nonlinear material properties
Fully coupled multi-scale analyses

v

Method

Pros

Generate the microstructure itself
Build FE model {(mesh optimization, CPU...)
Perform uncoupled multi-scale analyses

Accurate predictions at the micro scale
Complex inclusion shapes (non ellipsoidal)
Explicit modelling of clustering & percolation
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¢/, DIGIMAT Technology

Composite behavior

Reverse Engineering

Constituents’ behavior

3D-SIGMA

Moldex2D
JB TIMON

¢/, DIGIMAT Technology

DIGIMAT material model

EVP matrix Elastic fibers
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Strong,
2-Way Coupling
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== New DIGIMAT interface in Hypermesh
v Setup of LS-DYNA simulations

¢ Export of fully prepared DIGIMAT/LS-DYNA input deck
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¢/, DIGIMAT Material Models

=~ The material behavior depends on the fiber orientation
v What is the effect if we apply such a behavior to our

simulations?
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¢/, DIGIMAT Material Models

e Qverview
v" Elastoplastic (EP)
v Elasto-visco-plastic (EVP)
v Visco-elastic (VE)
v Visco-elastic-visco-plastic (VEVP)
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=~ New models (soon) available
v Thermo-elasto-plastic (TEP)
v" Thermo-elasto-visco-plastic (TEVP)
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¢/, DIGIMAT Material Models

- Measurement & Reverse Engineering

v Datapoint Labs
¢ DIGIMAT test packs

g gimat-MX
v digimat-MX
e “Materials Expert” tool Iﬁ
e Automated calibration of DIGIMAT models (_,”
¢ Storage & exchange of data e
¢/, DIGIMAT Material Models
Failure 0°
o Failure indicators ; o ERien
v Available E / | —
¢ Maximum strain/stress, Tsai-Wu, R
Tsai Hill... //
v FPGF model e

- direct use of experimental data
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decompose
fiber orientation
distribution
into
unidirectional ||||[|] + each pseudo grain =
pseudo grains unidirectional mini-composite

« apply failure criteria
on pseudo grain level
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¢/, DIGIMAT Material Models

o Failure indicators
v" FPGF model

e Test vs. experiment

—EXP-1 —EXP-2
—EXP-3 —Isotrope Johnson Cooke Coeff 0.7
—DIGIMAT - FPGF
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E}C/ DIGIMAT Computational Time

. DIGIMAT can become costly in explicit simulations

v" Factor of 10 - 100 can occur
e Why is that...?

v The stability of explicit integration schemes requires small
time steps, At is estimated based on
¢ Element size
¢ (Local) stiffness

v" Measures to reduce computational time
¢ Changes in the model

Changes in the material

Changes in the method

Changes in the software
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Q)C/ DIGIMAT Computational Time

== Changes in the model

v" 1D Mapping 3D
e Reduce number of layers ieioe ik
(from 20 to 8 - 10)
v" 3D Mapping
e Reduce number of elements
ag;
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Q)C/ DIGIMAT Computational Time

== Changes in the material
v Homogenization method

|.r'| _
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I lurrber of ikzictions before contrel 4

W ‘dzar Fizld romegcnizaton
Lirzarzstion methoz: & Incrementzl

T Diccrete stfine

Hzogerization scheme T Mor-Tanzka Ink=grahan scheme

i Baublealson Integraton prinmeter: La e
Wulti-irzluzizr homzgenzation: & Muti-ctep method !

T Muti-level rmethoo Orientztion
Heerogerization erders & Forsz order Neimbeaolndl inesrients: | 6 |

T Zzeznd orzer

Tolerznce on trzce of orentation benzor: 61

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6

Homogenization M-T DI M-T DI M-T DI

# of angle increments 6 6 20 20 36 36
CPU Time (s) 478 676 1790 2398 3445 3988
Cost difference (%) / +29.3 +274 +402 +621 +734
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"QQ DIGIMAT Computational Time

== Changes in the method
v Use stiffness update delay

. T| me <« 1/|n (n ) . Internal energy evolution during impact
. E
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E)C/ DIGIMAT Computational Time

== Changes in the software

v Use parallelization
e Time o« 1/(# cpus)

Parallelization speed-up
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&/C summary L digimat

o~ DIGIMAT technology

v Bridges the gap between processing conditions, material
description and the behavior of injection molded parts in
simulation

v Offers a broad range of material descriptions for the use in
explicit simulations

v Offers the FPGF failure model which has successfully be
tested for fiber reinforced polymer materials

v Includes a several strategies to reduce computational cost
in coupled simulation

Thank you for your Dr. Jan Seyfarth
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p-Xstream engineering (L)

Paonc: +49 U8/ 300 U0/ Y4 £ Bommelscieuar
rcklic: +43 {01176/ 705547 59 L4240 Bascharags
Skype: el_ISk LUXEMBOURE

Ermal:  janseyfarth@e-Xelredameom o - Xslradm.cor

F-Il-12 © 2010 Copyright by DYNAmore GmbH





