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Herausforderungen

» Verschiedene unabhangige Modelle

Zeitverlust
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» Einheitliche Kooperationsplattform
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Herausforderungen

Grundlegende Simulationsprozesse
» Fertigungsanalyse

» Prozessoptimierung

» Vergleich alternativer Fertigungsprozesse
» Kostenkalkulation

» Strukturberechnung

» Frlihe Auslegung im Konstruktionsprozess

» “Simulation must be at the heart of the
development process”

Flechten =

Struktursimulation
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Herausforderungen

Fasersimulation — Umformen (1/2)
» Unterscheidungsmerkmale zum
manuellen Prozess
> Gelege
> UbergroRe Werkstiicke (Blanks)
> Hohe Produktionsvolumen
> Gleiten
> Anderung des Faservolumens
» Angepassste Simulation
> Kinematisch

> Inverse FEA (minutes)
> Explicit FEA (hours)

» Integrierte LOsung
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Herausforderungen

Fasersimulation— Umformen — reale Tests (2/2)

» Untersuchung komplexer NCF Gelege
> NCF Versuchsaufbau zur Bestimmung der Materialkennwerte
> Ableitung der Materialmodelle fUr verschieden NFCs
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Skalierte Simulation -
Schnelle Losung zur Evaluierung und Vorbereitung eines FE - Modells

Schnell

3D Umgeformt 2D Muster

T

A N
+ Compare Edit

1
1
/
\ | 2
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3D Lage 2D Blank

Detailliert (FEM)
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Integration von Design und Simulation S

Abschatzung — Schnelle Simulationsergebnisse
» Deformation
» \erzug
> Glei ten a;1:"‘,,?',,,,",‘L",",'ff’f”',‘,,;i- !_";:f_‘"';ﬂ_ -
> Schnittmuster
> Bewegung/Abweichung
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FE Simulation — >
Detaillierte Simulationsparameter

Integration von Design und Simulation
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» 3D Lagen

» Abwicklungen

> NetzgroRe

> Stempelkontur

» Niederhalter

> Krafte

» Materialverformung
» Reibung
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Abaqus - Modell

Ergebnis
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Simulation

kinematische Drapierung

» Verwendung des Composite Modelers in Abaqus/CAE

OO &D

B NCF-STD-1BL
g NCF-STD-1BL-Copy
= B8 NCF-STD-1BL-Copy2

a Materials
= Plies

‘- Ply-2
II Offsets
Bs Layup
& Ply-1
& py-2
= Ba oneBlank
= B twoBlank

EHOE SR

I BLANK-LBLANK-LLay () 15

Module: |- Part [7] Model [/ HCF-STD-18L-Copy2 [+] Part: [/BLANK-L [+]

L5
(A
4,19,
& by
R
b,
[x:_zi A\‘
L
5. 58,
@ %

P
=

¥

3
4 4= [X] Fill outthe Ply dialog

5 Py

Basic | Geametry | Seed Curve | Material | Boundaries | Spiits | Drape Order

Mame: |25

Type: Uniaxial

flethod: Wectar

haterial: | Mewbdaterial 1

B
E

Ply Region: 2050 elements

Fozette (CSVE):  selected

Seed Point: selected

Reference angle: | 0.0

[ Clone I [Prewew] [ Cancel ]
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Simulation

kinematische Drapierung

» Ubertragung in das FE-Model

> Verwendung von Sektionen
> Verwendung von Layups

> Elementweise Orientierung
uber Distributionen

4 Create Properties [

Name CMshell
Elements all elernents
T
i " Sections
CAE Layups
Orientation _
@ First Layer Distribution
Theoretical angles
Default
Coord
Coord L: selected | Fick.
Coord 2 no selection Pick.
Switch Angle: (B2
Zngle Tol. 5

Thickness Tol. | §
First Section ID | 101

Opti
e [ Ignere Thickening

Equally Spaced Variables

Shear Correction

Section Options..

# Edit Composite Layu;
Marne: ChdShell

Elernent type: Conwventional Shell Description: | Created by Compasites Modeler

Layup Orientation
Definition: | ChShell__Orientation
Maormal direction: (7 fxis 1 (0 fwis 2
Additional rotation: () Distribution:
Section integration: uring analysis (0) Befare analysis

Thickness integration rule: @ Simpson () Gauss

Plies | Offset | Shell Parameters | Display |

[] Make calculated sections syrmmetric

Ply Name Region Material Thickness Angle
1+ Pyl CMShell_Ph-1 CFK CMShell_Ply-1_Thickness  =layup> 0
2 % Pyl CMShell_Ply-2  CFK ChShell_Ply-2_Thickness  <layup>  CMShell_Ply-2_Rotation

Ea|ER (S Fe)

sV Rotation Integration

Points
3
3
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Numerische Drapierung

» Simulation des realen Umformprozesses

> Modellierung aller Umformwerkzeuge
» Diskrete oder analytische Starrkorper

> Modellierung des Werkstticks in der
unverformten Abwicklung

It Systemes | Confidential Information | 3/4/2016 | ref.: 3DS_Document_2015

> Verwendung des Preprozessors Abaqus/CAE
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> Abaqus/Explicit als Solver

I ESSSHHH:: ji;
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Simulation

Numerische Drapierung

» Simulation des realen Umformprozesses

> Materialmodell Fabric in Abaqus/Explicit
» Zugversuche (Warp, Weft)
» ,Picture Frame* - Scherversuche

Scherspannung:

Scherwinkel:
Y2 = Uiyt

(a) Reference configuration

(b) Deformed configuration

FL |
Tip = (—D> sin (Uﬁ)
Uy 2 )

*Fabric, stress free initial slack=yes

*Uniaxial, Component=1
*Loading data, regularize=off

0.000e+00, 0.000e+00
1.776e+01, 1.000e-02
1.776e+02, 1.000e-01

*Uniaxial, Component=2
*Loading data, regularize=off

0.000e+00, 0.000e+00
2.200e+01, 1.000e-02
2.200e+02, 1.000e-01

*Uniaxial, Component=shear
*Loading data, regularize=off

0.000e+00, 0.000e+00
4.943e-03, 1.200e-01
5.437e-02, 4.200e-01
2.000e-01, 1.000e+00
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Simulation

Numerische Drapierung

» Ergebnisse
> Dehnungen in Schussrichtung

> Dehnungen in Kettrichtung
> Anderungen des Winkels
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Simulation

Weiterfiihrende Simulation zum Vergleich

# Create Distribution for Draping Simulatioi

ODB: | E:fusers/guetz/Projekte/drapingSimulation/NCF ffachkangressCamp5/NCF _forming1BLadb [«| Surface: | BLANK_TOP

Rigid Reference Mode #3038
Rigid Reference Node #3039

» Ubertragung der Faserorientierung

> Verwendung eines Plug-ins (Python)
» Elementweise Orientierung
» Winkelanderung ,Weft“-Richtung -> Winkel um 0° aus Variable LOCALDIR_1
» Winkelanderung ,Warp“-Richtung -> Winkel um 90° aus Variable LOCALDIR_2

[=] angle1_DF_BLANK_BOT tab E:i| [=] angle2_DF_BLAMK_BOT tab ﬂl |5 local0r_DF_BLANK_BOT.tab ﬂl
1 1,-3.82660370625 1 1,93.927717183 1 1, D0.97652Z20647717, -0.2047415951595, 0.0624659555502, 0.0700307711959, 0.581421613693, 0.510532756996
e 2,-9.15476250174 2 2,99.1553680111 8 2, D.987280807224, 7.45058059692e-09, 0.158987551928, -0.158987551928, S5.94069671631e-08, 0.987280607224
E:| 3,-7.90924307502 3 3,97.920950885871 3 3, D.997777819633, -6.18398180545e-07, 0.0666275322437, -0.0666275322437, -3.8743019104e-07, 0.997777818633
4 4,-1.66153933728 4  4,91.661496757 4 4, D.72863805294, -0.684365749359, 0.0270195007324, -0.00886979699135, 0.0300181806087, 0.9599509950:215
5 5,-3.75827718788 5 5,93.757653678 5 5, 0.809045553207, -0.584369182587, 0.0629120469093, 0.0654036104673, 0,195887053973, 0.973442907333
& 6,-9.30909345635 5 6,99.3085246425 & &6, 0.986488819122, 7.45058059652e-02, 0.163328223944, -0.163828223944, 1.19209289551e-07, 0.986488378727
77, -8.10189357779 T 7,99.10159423486 7 7, 0.987447023392, -0.00121521949768, 0.157946318383, -0.157943040133, 0.00244263774936, 0.937445235252
& &,-0.804233270719 5 8,20.8045072407 & 8, 0.997226476669, -0.07434654035816, 0.00344497337937, 0.0119034852833, 0.205012351274, 0.973686983354
S 8,-7.7712740205 o 9,97.7715582475 9 9, 0.990629911423, 0.0, 0.136573642492, -0.136573642402, 5.94089671631e-03, 0.990629911423
10 10,-2.01158901519 10 10,92.0115720281 10 10, 0.995386359394, -0.0560920983553, 0.00379292748868, 0.0331820547581, 0.702111124992, 0.711293816566
11 11,-6.9652Z702717 11 11,95.9654013802 11 11, 0.99z2960214615, 7.45058059692e-09, 0.118448033929, -0.115448033929, 0.0, 0.992960214615
1z 12,-4.40121696739 12 12 ,94. 4008076359 12 12, 0.726422429085, -0.6833640608164, 0.0729570435421, 0.0502793314457, 0.16459535947067, 0.904694162873
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Simulation

Weiterfiihrende Simulation zum Vergleich

» Festigkeitsanalyse mit Abaqus/Standard
> Importieren des verformten Netzes
> |dealisierung des Gewebes durch zwei UD-Schichten
> Ubergabe der Orientierung und Winkel durch

45 Edit Composite Layup

Name: Compositelayup-1

Element type: Conventional Shell  Description:
Layup Orientation
Definitions: DiscField-1 0 &

Mormal direction: € fsis 1 © Axis2 @ Axis

Additional rotation: @ None () Angle: [0

Section integration: @ During analysis () Befare analysis

Thickness integration rule: @ Sirmpson ©) Gauss

Plies | Offset | Shell Parameters | Display

©) Distribution: &

7] Make calculated sections symrnetric

Ply Name Region Material

T

2v Ply-2 iPicked) CFK

Name
DiscField-1
DiscField-2

diskrete Felder
> Materialdefinition und Zuweisung

Create..,

& owmerasnmpe

Type Description

Elerents Orientation for each elernent fram forming analysis

Elements Correction for weft angle from forming analysis

[ or s

Egy e (Ea (k¢
Rotation Integration
@B Angle Points
Dis 2
DiscField-3 3

Thickness

.25 <Layup>

===

Cancel

Editu.

[Rename..|

[ Delete... |

[ Dismiss |

*Elastic, type=LAMINA
150000.,15000., 0.23, 5000.,
*Fail Stress

1000.,800.,200.,200.,150.,

5000., 3000.

v EE

0., O.

oo | [Remameo] [Delete...

Dismiss

Z;§§E§§§%§WThe3DEXPENENCECompay




(o]

S

Ergebnisse

AL s
,- tﬁ.,mw“mwmmmwm,mw :
S maamﬁmmmmmMam PELRE
iy L ﬁqhn.«t_wa el ouy
ua#.#waa__"ﬁmﬁ L]
_ I ¥ ,b#,#h._.“..ﬂ.ﬁ._‘.,l i
=

SRR

LR
S
ﬂﬂwﬂsﬁ.ﬁsﬂ
- Eﬂaﬁzf
3 Jﬂﬂ#ﬁﬂgsﬁ.
G ?wuuﬂ##df
= !Hw.hﬂfﬂ.
wﬂuww_ﬁﬂunmﬂs
1 ‘Ewﬂwmmmw
T L
tu
iyl
vy L]
= it
1
—
=
) O w..sm
B3}
D i

'Sas
09'sa
SEqO W
AS ynes
SOLIR)S!
Juo) |
| uopewoyu; [enuap
viE | uol
101 | 9102/
7sag el
00 Sa
JuBWno
§102

Lo
e

e

#
."-'.'ar.‘
S

by

2,
So 8

T

M

Y

Aam..vﬁwa

i ity
i ol

il

tiag

Bty

Eoi

LS
R
i

e '-~h.

n
Numerische Losung

ung
Kinematische Lés

“Company
NCE"C

PERIE

oL 1 The 3DEX

S oz

2.

25



Document_2015

3DS.COM © Dassault Systemes | Confidential Information | 3/4/2016 | ref.: 3DS

26

Simulation

Ergebnisse

» Faserorientierung - Schicht 2

FLY-2 (miagke) < T

Lo e SR AAT
2-avs - 8 Ty 8
Teaxigfstell naimal TR

L

=
=¥

2
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Simulation

Ergebnisse — Belastung 1 bar

» \ersagen nach Tsai-Hill

TEAH
Envelape [ma abz)
7

%)

E+s:m:m
b2

Kinematische Losung

TEAH
Envelape [ma abz)
7

%)

E+ £75e
+!

5.00De 01
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Numerische Losung
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Simulation

Ergebnisse — Belastung 1 bar

» Faser-Dehnungen - Envelope Plot

_Document_2015
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(Avg: 75%)
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Simulation

Ergebnisse — Belastung 1 bar

117~
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» Faser-Spannungen — Envelope Plot
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Envelope (max abs)
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Simulation

Trimmen

Document_2015

» NumerischeUmformung

» AnschlieRender Zuschnitt durch Boolsche Operation
> Einschrankung: Volumennetz mit Continuums-Schalen erforderlich -> Offset Mesh — Solid Layers

S
oo
2

Share nodes with base shell/surface

[ Delete base shell elements

Creat
Os:

[ Creat

!
Setdsurface narme or prefic | OffsetElements-1

3DS.COM © Dassault Systemes | Confidential Information | 3/4/2016 | ref.: 3DS
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Simulation

Trimmen

» Uberlagerung des Netz mit Geometrie -> Trim Plug-in
> Volumenkorper erforderlich

Document_2015

Srwen
Note: Pick one orphan mesh instance and
one cutting mesh instanc:
Picking 2 sul
improve pe

| Meshinstance  Cutting Instance

BLANK-1-1 blankholder-1

THighlight ] Highlight

Project () Using geometry (more accurate, slower)
© Using facets (less accurate, faster)

3DS.COM © Dassault Systemes | Confidential Information | 3/4/2016 | ref.: 3DS

Undo/Redo
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Simulation

Trimmen

» Materialzuweisung uber Layups

> Verwendung diskreten Felder

Name: CompositeLayup-2

> Abaqus/Standard als Solver

Elernent type: Continuum Shell Description: [

Layup Orientation Stacking Direction
Definitinn: | DiscField-1 B‘ &% ©) Element direction 1

) Element direction 2

Mormal direction: () Axis 1 ) Axis 2 @ Axis 3

Aditional rotation: © None © Angle:[0 | © Dismbutiun:: &

@ Element direction 3

() Layup orientation

Section integration: @ During analysis () Before analysis

Thickness integration rules © Simpson () Gauss

Plies | Shell Parameters | Display

[] Make calculated sections syrmrmetric

By B (B k)|

Element o g
PlyMame  Region  Material Relative cstS Botatios Lntcgation
" Angle Points
Thickness
1 Plyl (Picked) CFE 25 <Layup» DiscField-2 3
l2lv P2 {Picked) CFK 25 <Layups DiscField-3 3

9755?;?;?5%’;; | The 3DEXPERIENCE’ Company




Simulation

Trimmen/Ergebnisse

> Faserorientierung

PLY-1 {middle) PLY-1 (middle)

1-axis 1-axis
Z-axis 2-axis
3-axis/shell normal 3-axis/shell normal ) RN g o e N

Document_2015
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Simulation

Beispiel 1: numerische Drapiersimulation

» Thermoplastischer Umformprozess
> Verwendung einer Doppelschale

a5 Edit Material

Mame: Matrix

Material Behaviors

Conductivity
Density

G
Expansion
Plastic

General  Mechanical  Thermial
Elastic

Type: |Isotropic =

Use temperature-dependent data

Humber of field variables: 0

[7] Mo compression

[7] Mo tension
Data
Young's Poisson’s
Modulus Ratio
1 1500 0.4
2 750 0.4

Maduli time scale tfor viscoelasticityl:

Description: | Elasta plastic temperature dependant material behavior »

Electrical/Magnetic

Temp

20
200

Long-term |+]

Name: Fabric

Description: | Temperature dependant fabric material, siffness definition via include
file

Material Behavirs

Damping
Density
Expansion
Specific Heat

General  Mechanical  Thermal  Electrical/Magnetic  Qther
Conductivity
Type: lsotropic  [7]

[] Use temperature-dependent data

Humber of field wariables: 0

Data

Conductivity
1 05

4 Edit Section

‘ 4 Edit Section

Name: fabricSection Name: matrixSection

Type:  Shell/ Continuurm Shell, - | | Type:  Shell £ Continuum Shell, Hamageneous

==

Section inte gratio

Basic | Advanced

Section integration: During analysis

Basic | Advarced

Befare analysis

Thickness
Shell thickness;

Thickness

Shell thickness: @) Value: 0.5

Element distribution:

Nadal distribution

Material | Fabric Material: | Matrix

Thickness integration rule:

Thickness integration rule:

Thickness integration points:

Thickness integration points

Options: &

Options: &y,

| The 3DEXPERIENCE’ Company



Simulation

Beispiel 1: numerische Drapiersimulation

» Thermoplastischer Umformprozess
> Ergebnisse
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Simulation

Beispiel 2: numerische Drapiersimulation

» Drapieren einer B-Saule
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