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Envyo Overview

= ENVYO is a multi-purpose mapping tool HELLSOLD(GENERATION
dedicated to LS-DYNA. T e

L Position

-0.9062
-0.5385
0.00

0.5385
0.9062

= Standard applications covered by ENVYO: mmms
= Fiber Reinforced Plastics
= Metal Forming
= Bake Hardening
= Image Processing
= Particle methods and Temperature mapping
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= We integrate new processes based on customer . “HN A

Solid Mesh Generation

| ‘N ° F
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Particle Methods

request.
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Composites in General

= Composite materials are usually inhomogeneous
and non-isotropic.

» Highly direction dependent characteristics in bot
in-plane and through the thickness

= Relative complex properties to map
» Discontinuous layers
» Undulation of fibers
» Varying fiber directions/orientations

Glas fiber rovings

Tooling
Cutting tool

Y Hopper Valve

= Different modeling approaches _\//__ = |
» Fibers as beams/shells e T
» Element types and formulations L T neepl

»Homogenized layer stacking in one shell element | e
> Shell/Solid element discretization of SFRP

Screw

TN

i W IR . :ﬁ
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Mapping Options for Composites

Beam-RUC: Shell-RUC: Solid-RUC:

@ BEAM — SHELL
= BEAM — SOLID

= SHELL — SHELL

= PLYBOOK — SHELL,

@ MOLDEX3D — SHELL)
= MOLDEX3D — SOLID

= MOLDFLOW — SHELL
= MOLDFLOW — SOLID
= 3DTIMON — SHELL

= STOCHASTIC INITIALIZATION
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Mapping CFRP Properties IOhvna
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%eam-sr\el!_napplno
\ 1 par

@ = Use Case : Virtual DFA process chain prototype

i 'Tﬁraplnq_seam-shell

?li = We will focus on :
@ = BEAM — SHELL
= SHELL — SHELL

ﬁm_mm_mﬂ = PLYBOOK — SHELL mapping options with *MAT 249 as target
"9,,,, material model

|
o o O

)
{Generate Structure |

Yy ARENA2036

'. e —
&cmrau_Simunauor ’\v Altair & BOSCH & constellium DAIMLER. D|—! r %ZR D] @ oxCtechnology
| 1 hist, 1 resp echnikfirsteben e
Zi Fraunhofer (ﬁ Universitit Stuttgart fovna  SIEMENS
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Mapping CFRP Properties IOhvna

Virtual DFA process chain prototype

- %cam Shell Mapplng}

(%) Y

"' Braping_Beam-Shell |

0 v

Patch Handling |
0 pars

() ]

““““ Final_Draping
'

)
After Draping_Prepet
) !

" "¥rimming_Simulation
_J Card 9. This card is optional.
{Generate_sn'ucmre ‘v POSTV "."S
_ B ENVYO=BEAM-SHELL, NTHICK=5
& 1 Flag Description Variables # History Var
[t M B *ELEMENT SHELL COMPOSITE —
— -_ Fiber direction g .8 .8 9
o) ' B *MAT 2 4 9 N (in global coordinates) o R
lhol._l :pu auo; - . F.b d ﬁ o - .
m Clustering sensor band elements % | nmarestal coordmapesy M0 02" 103 6
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Mapping CFRP Properties IOhvna

NIORE

Virtual DFA process chain prototype

eam-Sh_oil_m_pplnq
1 par

bl
|

Braping_Beam-Shell

,.__i';

X
Patch_Handling
A pars

I 191
" Final_Draping I

i
)

After_Draping_Prepet

l
Ll
\

o
“"’mmnung_slmuauonl

1

* TFP patches according to an optimization run
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Mapping CFRP Properties IOhvna

VIO RE

Virtual DFA process chain prototype

%cam-shell_Mepplng }

1 par

(%) Y

LSOy

Draping_Beam-Shell |

A\
0 Patch_Handling
0 pars

Point Projection Mesh
Matchup

O '
““““ Final_Draping
Deformed 4\ ALTAIR
‘ ' ‘ X = X(X”) Conhgun:at%n, t=t
‘After_oraplnq_Prepeél Undeformed . _‘_{_;\_’ k(B)
Configuration, t = 0 /
2 ko( B Path line -~
) - o hine

" "¥rimming_Simulation S X3
Su(X)=U(x)

' )

Generate Structure |

X;

$ v B ENVYO=PLYBOOK-SHELL
‘. Map_Structure_Mesh
B OFFSET OPTION=FLAT LOWER

'Qtrucmral Simulatior
e B *ELEMENT SHELL THICKNESS OFFSET COMPOSITE

X,
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Mapping CFRP Properties IOhvna

_ _ MORE
Virtual DFA process chain prototype

eamoShéil.Mapplnd
1 par
b
O - B
""" Braping_Beam-Shell ’
i

I

A
Patch_Handling
0 pars

-
< T
»"'““ Final_Draping I
|
Y.A
Al :
After_Draping_Prepet

v" Considering undeformed/deformed
configuration differences leads to
correct sensor band positioning

| ~—g

"~ R
. ; "“ﬁlmmlng,ﬂmdatlonl
| T

\ w1 |
'
Generate Structure |

=
A\

“tructural_Simulatior
1 hist, 1 reap
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Mapping CFRP Properties

Virtual DFA process chain prototype

\&Beam-shell_mapplng

1 par

Y
“""Braping_Beam-Shell

A\
‘& Patch_Handling |

1 pars

() L]

"""" Final_Draping

AR,

]
After_Draping_Prepet

) '

*¥rimming_Simulation|

Y
Generate Structure |

p AAJ
- %ap_suucmre_Mesh |
9

B ENVYO=SHELL-SHELL
B *MAT 249

]
O 8tructural_Simulatior

B *ELEMENT SHELL THICKNESS OFFSET COMPOSITE
e i : : . .

» The structure is ready for the consecutive structural simulation.
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Mapping CFRP Properties

Current virtual DFA process chain

TOvnna
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Sampling Sampling1 “l #7
DLR

1 vae, 1 d-opt design Q
= \We can investigate : i umin:l.sm )| Fog— )
v'production tolerances =ENVYO
1 LS Y
v’ quickly adapt new load cases ? Layer_1 M-m J Yw-f-- “W-f;'."m . paten_spiting 4
v'save CAE cost "
Ol
v'save material v
\& LAl

= We can benefit from:
» Agile product development and verification
> Version updates according to field data
» Investigating predictive maintenance capabilities

Infoday Automotive and Aerospace Applications, Berlin, GER, 2022

Patch_Draping 4

Y

Ls Y

Structure_Meshing |

? s«norMapping »

OPT : Y . APT A4
¢ Dynamic_Loading " Fatigue_Loading L"‘ Thermal_Loading
3 pars, 1 resp 3 pars
e ‘
Build Metamodels |
7 linsar surfaces Q
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Mapping SFRP Pro

" MOLDEXSD - SHELL

MOLDEX3D — SOLID
MOLDFLOW — SHELL

" MOLDFLOW - SOLID

= 3DTIMON - SHELL

With *INITIAL_STRESS_SHELL
With *INITIAL_STRESS_SOLID

Only one part definition for whole component.

herties TOvnna

VIO RE

* Process simulation:

molding

fiber orientation / fiber content . o
discretization

= Mapping of fiber orientation tensor
(main values und main directions)

- fiber content :
s

~O-all —4+-a2l 4 a3l
P

ctional distance to the midpla

Fra

%)
4
‘ )
| o . E
o
i E 5
) F
4
7
b
4
)
<
=l
4
4
I
sjuauodwod sosua

structural analysis

flag description variables | number discretization
O o |
g material directions 414, 2 I}
anisotropic elastic . . . . . .
0 Stiffness G 21 = Structural analysis using ﬁ:omogemzed anisotropic material model (*MAT_157)
a, | anisotropic plasticity | rurssfs 3 = Structural analysis with homogenization in the material model (*MAT_215)
a, hardening curve LCSS 1
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Mapping SFRP Properties IOhvna

VMIORE

P !
B e "§E ' -> > ﬂi'VWNg
= Material Testing i “
/o and Parameter \\J, IL
Y lde:\tlﬁcahon for Fiber Orientation
Mat_157 with Moldflow®
Z Fraunhofer ’ of
LBF » Fiber orietaion tensor  # | |eEE R %
Envyo (Homogenization and Mapping)
o pa - ,", i d'. a

i

.

Validation

cards for different orientation tensors.

*MAT ANISOTROPIC_ELASTIC_ PLASTIC TITLE
EnvyoOrient:0.6;0.3;0.1

SH-—————- 1 2| —==———= 3| === 4| -===--- 3| ======== 6|=—===———~- T|======—= 8|
SH# mid ro sigy lcss qrl crl qr2 cr2
S# cll cl2 cl3 cl4 clb cle c22 c23
S# c24 c25 c26 c33 c34 c35 c36 c44
S# c45 cdo6 c55 c56 c66 r00 r45 r90
S# sll s22 s33 sl2 aopt vp = mact
S# Xp yp zZp al a2 a3 = extra
S# vl v2 v3 dil d2 ds beta ihis
S# Xt el yt ycC SXY ffl12 ncfail
S# zt zC SYyz SZX f£23 f£31
*ELEMENT SHELL COMPOSITE

SH-—————- |-~ 2| —==————= 3| === e 5| ======== 6|=—===———~- T|======—= 8|
SH# eid pid nl n2 n3 n4 nb noé n7 n8
SH-—————- |-~ 2| —==————= 3| === e 5| ======== 6|=—===———~- T|======—= 8|
SH# midl thickl bl mid2 thick2 b2

displ. [mm]

Liebold, C., Haufe, A., Lauterbach, B.: Thorough Study of Short Fiber
Reinforced Composites: from Micro-CT to Structural Analysis,
Fachkongress Composite Simulation, Fellbach, GER, 2017
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Mapping SFRP Properties IOhvna

VMIORE

Inlet

*INITIAL STRESS (_OPTION) cards.

* Material has already an ansatz to compute stiffness.
(see, LS-DYNA Manual Vol. I1)

plate molding

,,w"
i
P
4

Effective Stress (v-m)
234.2
210.8 l
187.4
164.0 _
140.5
117.1
93.7
70.3
46.9
23.5
0.1 |

o z & b

*MAT 215 characterization

Tbvnna

NMORE NORDIC

Gustavson, M., Aspenberg, D., Stoltz, B.:Simulation of Short Fiber Reinforced Plastics in LS-DYNA® Using Envyo® Mapped
Fiber Orientations Obtained from Process Simulation in Moldex3D®, 13th European LS-DYNA Conference, Germany, 2021
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Stochastic Initialization

“ ENVYO=STOCHASTIC INIT using *MAT 157

= Mimic pore (or, inclusion) effects in a model by modifying stiffness
and/or strength parameters of randomly selected IPs.

= |t is completely random; but, reproducible.

0.10

Normalized Distribution of Pore Sizes - Element Set 5.0
11 ¢ 45
DLR 4.0
g -SESg
e -&03
2 B
§ -2033
& 1.5
1.0
0.5
0.00 + T T T 0.0
) 0.00 0.02 0.04 0.06 0.08
* 'f_‘ Lo Dehnung [-]

Vinot, M. et. al.: Stochastic modelling of continuous glass-fibre reinforced plastics-considering
material uncertainty in microscale simulations, Journal of Composite Materials, 2022
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S# Model Scale (Micro ; Meso-Macro)

NumSourcePIDs=1
SourcePID#1=28

$# Posority Parameters

$# Pore Size=Min Max

Pore Size=0.1 0.8

S$# MaxPorosity=[%]
MaxPorosity=2

S# PoreEffect=ReductionFactor
PoreEffect=0.001

after a simple modification, this method
can handle an ,inclusion effect®.

© 2023 DYNAmore GmbH
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Further Capabilities

Considering Bake-Hardening Effects

= Calculation of the hardening degree based on
the JMAK equation:

v=1-ew(-(3))
with:

(T) = tyexp (%)

= The parameters n, t,and Q can be determined
by experiments.

= Temperature profiles can be mapped from
THESEUS-OVEN software either for hardening
estimation or thermal simulation within LS-DYNA
(*MAT GENERALIZED PHASE CHANGE).

Infoday Automotive and Aerospace Applications, Berlin, GER, 2022

Tt /’ \

E - \ .

;- yavA4 g

)4
. / \ s
i e \

. NEE

Time [t]

L. Greve, G. Krabbenborg, T.K. Eller, M. Andres, B. Geijselaers: Characterization and Modeling of the Deformation
and Fracture Behavior of a Bake-Hardenable Aluminum Sheet Alloy Depending on the State of the Hardening and
Pre-Strain, Crashmat 2018, Freiburg, GER.

Crash Model

\

B~z

= Mapping 1
.......................... * Temperature
distribution :
i1 > HardeningY ! I s
oo 1 Crash Model

Forming
Simulation

Oven o
Simulation : ;// |

Liebold, C., Wilking, C., Koch, D., Haufe, A., Feucht, M.: Possibilities to consider Bake-Hardening
Effects of Aluminum Components in Finite Element Simulations, NAFEMS DACH, virtual event, 2020.
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Further Capabilities
Grayscale Mapping

= Different grayscale ranges of an image can be
handled using Envyo to map coresponding properties

0.4mm 45deg
" Method considers shells, solids and cohesive ; | | ; | omm- 11—
: ‘ : : : mm-t1 = == -
20 t
elements o
0.5 12—
. 103: 2 - - -
= OpenCV library has been added to allow for 2omm-i2
. . 0.5 mm - t3 =—
automatic shape detection romm-i - -
8000 40mm-t3 ===
z 0.5mm - t4
3 1.0 mm - t4
o 2.0mm-t4
6000 4.0 mm - t4
4000 40.259% 40‘30{;6
2000 a1.262% |
1) Modify the contrast of RGB image 3) Find discontinuous and 5) lIteratively, follow contours, determine end
and blur image to reduce noise unsorted contours and junction pixels, connect end pixels |
) > 0 ’
2) Switch to grayscale image, modify the 4) Filter contours to have 1 pixel 6) Il cont toh 0 02 0.4 06 0.8 L 12
contrast and blur image to reduce noise width and reduce some noise si:gsleeacorf?:u?l(]rl;soti/e:\éeo:e) displ. [mm]

ﬁ@ ‘ Fuur:\ffggciﬂ;:terium ARE N A 2 O 3 6 A l‘eua\ul F;Eﬁtiigland”'
un imaschutz Y o . .
| WMenedes:Rens ‘ n u PnNT ! m :l2¥ nNA D A\]_' Instltut fir Flugzeugbau
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Future Development Plan FOwvnaAa
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3
i\’elsas © Moy
s

3 a4,

DYNAmore

® Full integration into the @ ECO SYSTEM

= GOM |mage data consideration for simulation

‘GOM - Probe
0
| mesh size

B GOM

£0.25mm

oL D 0.5 mm ay

" Ty _E 1.0 mm y

YV F125mm ey

™ G2.0mm L7

\ H2.5 mm

-1L.4.0 mm

J 5.0 mm Oy1

K10.0 mm

L 20.0 mm

15 -

= 180+ customer and development examples '
iInside our QA

" Improvements on GUI to help our users to //ENVYO
define their mapping process a s
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Future Development Plan
New Licensing Scheme

= License file verification will be updated to allow
for a more flexible version distribution

= Licensing models will remain:
= Node-locked
= Server
= Server Triad

" Environment variable DM_ECOSYS NETWORK
and DM_ECOSYS NETWORK PORTS have been
established to have one server/client system at
the customer for the whole DYNAmMore
Ecosystem

Infoday Automotive and Aerospace Applications, Berlin, GER, 2022
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Tertiary Machine Secondary Machine
Licenses Licenses
User_XYZ.lic 4\/“ User_XYZ.lic
lib lib
DM_EcoSys_Server DM_EcoSys_Server
; Envyo License File k %
EUSTOMERID: 00999
e os Primary Machine
$ Name: DYNAmore .
$ Company: DYNAmore s Licenses
f Adress: Vaihingen L. User XYZ.lic
S e-mail: L G lib
;mc_,\mm : 08:00: : “» <»DM_EcoSys_Server
IP_RANGE: 192.168. ~192.1€8.
;SSUE: 2022/01/01
BEGIN: 2022/01/01
EXPIRE: 2022/12/31

License Request 1

$

----- BEGIN PUBLIC REY---J-
MIICIjANBgkghkiGSwOBAQEEMAOCAgEAMIICCGKCAGEALlHPNUCYMaT]qeoB8URGe
NNFiZub6 IMMRZWO9AMEAN+x PKPXpOiMWADN] £vIsBXPCW1pnlRZINk SkqwAAMLO

NeépruR7: kglnhJsURaSwX!

yIbE3gINC | QI1SY1FEERE2q

szsrcc| [ DM_EcoSys  [irouceccer-sc [l DM_EcoSys | 4 DM_Ecosys
e te] = Cliont sersevrre =% Client ~ Client

SNxP3g3/1 o lib 1xsocp2zbBz+p] (> lib b

LERT4Imkob k0OtgMR4VHAS/

rbI111INSH & DM_EcoSys_Tool fz;vussysceixvn &> DM_EcoSys_Tool 53 DM_EcoSys_Tool
TRz e ME94+Gaydudemors

————— END PUBLIC REY=====

$

k3aYa0p9Gimquixd3bpfSoplezwdly4METCaa8 ckBMXPRIF2GZRG Y] vEQ6Sas i ¥F
G+Z3zVVPMW+9+3RabgmldAwiAsQsiBvZs9ONRAT 95WWYPgggguyiyTgYw3BF+2P6
SN9Rq/PAz9x38XB1RE£3SMShr7Uk3x/ 1AdpWiEMH105SqvkQF1x23cqUDAINzZk1S
£FEHP12pg9/XrrixRNckxsdetIeFBsvdbwsLSmJOFuT/dIc70dFXG71siRavOP9Q
StHHZRKpRMvEtVthNg8méaz61lh/LmWluj6xr040CVXi T4wN] vuV1kDUIiIGGVQOmN
ICb9gsRGES/ XRbEXKW7/NSPqRT2zPud90j xs£TaXzbéW1d2J2dDmCtbéSDeycBOXu
IExzG+ajxdNdAoXdcAkmIPvo+cém94dQOVEVsEIwaINwF1A/gGldt4wqIAUL]3sE
tHUS8Zm2B4 PTNwpQewGPPDYhESR2cmwuwj DoLxALb/Hvi 6/ 2VDuakLIWUlspNac3
Xx3gmVV1kRgwnfIDtuZJAl+I9wEaX61FywES/Rxge/H/ 4mFtF1WwnChtpajukQihb
EM3mHzs7B4uyk+Myt7 £EHWi znbyQoz8MTbS 3FkuIMTuEEAWVIGKRNy+yUJImg SBUD

DYNAmMore

ECO SYSTEM
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Thank You

DYNAmore GmbH
Industriestr. 2

70565 Stuttgart-Vaihingen
Germany

Tel.: +49-(0)711 - 459 600 O
Fax: +49 - (0)711 - 459 600 29
info@dynamore.de

www.dynamore.de
www.dynaexamples.com
www.dynasupport.com
www.dynalook.com

© 2022 DYNAmore GmbH. All rights reserved.

Reproduction, distribution, publication or display of the slides and content
without prior written permission of the DYNAmore GmbH is strictly prohibited.

Find us on

DYNAmore worldwide m - ,
Germany = France = Italy = Sweden = Switzerland = USA You T“he
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target mesh

source mesh

Wy
~ENVYO
Yy

Geometry matching L, :

-
.
‘‘‘‘‘

R ——
; *ELEM ------------- . -
f THICK;.?;‘T ST= P
[ BETa, % N g
{ ORTyg N © :
T ——p—-— Point cloud |
—— ‘ /
QF 2
Data transfer

; , i H
i i Stress/Strain ff" i-lsotropy i; Stress/Strain i
L“l:::::::::::::::":i_ Thickness Ao ffo] Orthotropy LThICkhESS
{ Isotropy 4= \ Anisotropy |
i Orthotropy ! v/ e !
i Anisotropy ! ’
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