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Motivation — current standard
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See more:

S. Seichter et al (Hirtenberger) — Influence Parameters on the Behaviour of Short Fibre Reinforced
Polyamide with Focus on Humidity and Integrative Simulation. German LS DYNA Forum 2018
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Motivation - A General Problem in Many Industries

Process 1 — Vendor A ?? ??
Process 1 — Vendor B — Process 2 — Vendor B —

File format definitions
Notation for discretisation
(Shell) element definitions

Results
Distributed material props
Manufacturing history

Process 1 — Vendor C Process 2 — Vendor C

Process 2 — Vendor D
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Process 3 — Vendor A

Process 3 — Vendor D



Simulation process chain — Software solutions

Structural simulation
 Stiffness > Crash

- Process simulation

Injection molding

CADMOULD mapping - MSC Nastran
Moldex3D o NXC I Nastran

\ MOLDFLOW p@ggn[@nﬂuﬁu@g DS SIMULIA

i ®
SOLIDWORKS g LS-D YNA

25

PLASTICS

Virtual
Performance
o ¥ r
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Result types
_____________________________________________________ (nodal, elemental, on integration point)

“Process simulation = scalar field
Injection molding i = fill time, bulk temperature, pressure,
: ' shear rate, ...

= melt & weldlines

= vector field
= velocity
= warpage
= tensor field
= residual stress, wall shear stress, ...
= fiber orientation

_____________________________________________________
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Exemplary output fiber orientation

________________________________________________ 1000 0000 0011 1100 0011 1011 1000

Process SlmUIatlon 1000 0000 0011 1100 0011 1011 1000 Blnary —_— Own format

1101 1111 0111 1100 1111 1011 1110

1101 1111 0111 1100 1111 1011 1110 O 5 b O
O+ a

|njeCt|On mOIdIng 0011 1110 1110 0000 0111 0001 1100 L
0011 1110 1110 0000 0111 0001 1100 a.. = 0_5 —a O
1011 1110 1111 1001 1111 0111 1101 1]
1011 1110 1111 1001 1111 0111 1101 O

Source: https://www.geocaching.com/geocache/
GC54VQ7_alles-binar-oder-was?guid=65cfbc06-71cbh-4bc5-a7b6-ba6ebeacd20d

CADMOU LD

B 3 D-F SIMULATION

Moldex3D

MOLDING INNOVATION

[HEADER]
} 1004
I \\Ac-server\ac-daten\Transfer\Cristoph\4a\MDXProject20150811_Fiber_3\Mesh
i \\Ac-server\ac-daten\Transfer\Cristoph\4a\MDXProject20150811 Fiber 3\Mate
& \\Ac-server\ac-daten\Transfer\Cristoph\4a\MDXProject20150811 Fiber 3\Procq
473452 B -
8 7
) 09/24/15 09:52:51
10 [VARBLE INFO]
ElementId

Tensor 29 order
=y ASCIl — own format a, a, a

XX Xy XZ
Tauyz
| [RESULTS EOF)
) 54895 1 3.3254e-001 3.2991e-001 -5.8438e-004 -2.8732e-003 2,1898e-003 a — a a
f 0 54896 1 3.3370e-001 3.3002e-001 6.7502e-004 2.9449e-003 2.0597e-003 1] Yy Yz
)1 54897 1 3.3525e-001 3.2637e-001 3.1483e-004 -7.3823e-003 1.0411e-003
55094 1 2.8750e-001 3.2273e-001 —6.7643e-004 1.8706e-003 -7,2378e-002 a
VI T P I T TR AP L TP I AN P T S P R AP P 77
1
| HEADER
| Moldflow Simulation Results XML Writexr</NAME>
\ )n> 1.00</Version
: “Fiber orientation tensor" 1D="4021"
1 NDDT (Node data)</DataType
1 “Fiber orientation tensor on nodes (3D)" | tann/
| ponents> 6</NumberOfComponent
1 VHHI rOfIndpVariables 0</NumberOfIndpVariable
1 Block
1 NumberOfBlocks> 1</NumberOfBlocks
1 B. k A%
1 VH mberOfDependentVariables 179843</NumberOfDependentVariables
1 Jata
1 | ata "16846"
I > 2.6154e-001 2.0777¢-001 5.3069%e-001 0. 0. 0. /Deptvalues
1
I "268618"
I 4.3461e-001 2.4906e-001 3.1633e-001 1.0760e-003 1.3450e-003 1.4949e-001</DoptValues
"14502"
E 6.2213e-002 5.6278e-001 3.7501e-001 3.0401e-002 3.8002e¢-002 -4.1725e-001</DaptValues
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Structural simulation — considering anisotropy

Material model
= anisotropic elasticity
= orthotropic visco plasticity
= micro mechanic model

Property
= shell or solid
= composite build up

Element formulation
= shell

= solid

= composite
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- Structural simulation
 Stiffness > Crash

~ MSC Nastran
i »4 AUTODESK
NX ! NASTRAN

D
DS SIMULIA

1

1

1

| LSTC

: Livermore Software
Technology Corp.

LS-DYNA®

Virtual
Performance
Solution

_____________________________________________________



Structural simulation — considering anisotropy

) Standard in solver Structural simulation
: > linear  Stiffness > Crash
) - non linear 8 ANSYS
> new / upcoming S Nastran
“ Direction NX | AUTODESK
- > MID (material) NASTRAN
- - MID &t & O
v SIMULIA
&=
- . - vector or a g e
- i @4 - vector LS-DYNA
- LY i > MID &ty & @ e




11

<<Template>> based mapping workflow
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FIBEFIMAP

|C:". H = Workingdirectory

Moldflow Interface

IWorlcﬂow | Micromec | File converter

Mapping fiber orientation | Output |

Process Input

) Direct Moldflow Interface @ Process Result File [ Tab Moldflow Interface

|No Process Inputfile selected

Structural Input

| Mo Structural Inputfile selected

@ Result on Element () Result on Mode

Mapping Settings

| Mo Settings selected

MNew | Check reference systems

Append matenalcard in final output  Start 1D [1000000 |

Tab Micromec

| No Materalile selected

| Mo Output Definition selected

&
Tab Output | Definition
|No Output file selected |

Wiew =

R Read Save Final
About SETE Work Work %Output

. EI\!GINEEHINB
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Use Case — drop test sleeve

Process simulation
FIBERMAP

Filling

Fiber orientation

@Lsm
Livermore Software
Technology Corp.

LS-DYNA®
Element orientation

*ELEMENT SOLID ORTHO
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Use Case — drop test sleeve
7 kg
3 m/s

*MAT_ 024 *MAT_ 024 *MAT_l 57/215
transversal longitudinal local anisotropy ////tgs/t///

See more details:*MAT 4A MICROMEC — Generating Material Card and Considering Fiber Orientation: 15" German LS-DYNA Conf.

13 © Copyright 4a engineering GmbH - 26.02.2019 1 N P H Y s 1 c s wW E T R U s T
P. Reithofer, A. Fertschej, pres_19022601_pr_afer_sia_VMAP+CELLMOULD



https://www.dynamore.de/de/download/papers/2018-ls-dyna-forum/papers-2018/mittwoch-17.-oktober-2018/materials-short-fiber-reinforced-polymers/mat_4a_micromec-generating-material-card-and-considering-fiber-orientation
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New standard ((g)) VMAP

= |TEA 3 — standardizing project
= Working on a new CAE industry standard

= 29 partners

CAE end users
application end users
R&D engineers
software vendors

= Use Cases in the field

Metal forming

Composites manufacturing
Injection moulding of plastics
3D printing



USE CASE - structural foaming

CELLMOULD® - Lightweight Technology

Source: F. Puhringer (Wittmann Battenfeld) — SchaumspritzgieRen 2.0; 4a Technologietag 2016
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http://technologietag.4a.co.at/images/tt2016/tt16_t2_b02.pdf

Why Structural Foam?

Advantages of structural foam:

= Elimination/reduction of sink marks

Reduction of internal stresses

= Elimination/reduction of warpage
= Lower injection pressure

= Lower cavity pressure

= Reduced clamping force

= Reduced cycle times

= Reduced weight

= Physical Blowing Agents

The gas in the “melt” takes over the
function of the holding pressure.

Source: F. Puhringer (Wittmann Battenfeld) — SchaumspritzgieRen 2.0; 4a Technologietag 2016
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http://technologietag.4a.co.at/images/tt2016/tt16_t2_b02.pdf
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Influences - physical foaming
= design (wall thickness)

= process parameter
(e.g. fill times)

Setup of machine and
CELLMOULD process special screw design for
via UNILOG B8 physical foaming process

"one control unit for all"

retaining ring

Injector for N: injection

check valve

Needle type shut off nozzle

Source: F. Puhringer (Wittmann Battenfeld) — SchaumspritzgieRen 2.0; 4a Technologietag 2016
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http://technologietag.4a.co.at/images/tt2016/tt16_t2_b02.pdf

Demonstrator ,radio mask®

= |nvestigations
= different processing compact & foamed
= foam distribution
= mechanical behavior

= correlation simulation
= virtual material modeling
= foam prediction
= structural prediction

= testing of new VMAP interface

project schedule: 2018-2020
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Wiffmann /| Borrenfeld
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SUPPLYING SOLUTIONS
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0.000 0.055 0111 0.166

006 - Gas-Profil 2%

514301 Blende_2mit Anguss
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0221

0.277

0.332

0.388

= rheological simulation of foamed part — work in progress

0.443

p
Ergebnizauswahl M

0.498 0.554

FlieRfront
Fullzeit bei Erreichen [s]

7 Y

wi

CADMOULD’

I 3D -F SIMULATION

Simulation |(007 - Gas-Profil 0.2% -
e M

_ Ergebnistbersicht
[ Detal | kavitat

Diagramme

1 Fliefifront
u. Maomentaufnahme Flllung
Fiillung Temperatur im Inneren

Fuillung Schergeschwindigkeit im Inneren
Fiillung Blasenradius im Inneren
Flllung Gasvolumenanteil im Inneren

—

S— Fullung Crientierungsarad

Verschiedenes

Maomentaufnahme Machdrudk

Machdruck Temperatur im Inneren
Machdruck Schergeschwindigkeit im Inneren
Machdrudk Blasenradius im Inneren
Nachdruck Dichte im Inneren |
Machdruck Gasvolumenanteil im Inneren
Machdruck Orientierungsgrad
Formteilqualitit

Schwindung + Verzug - Abkiihlung
Schwindung + Verzug (Entformung)
Schwindung + Verzug (Verarbeitung)




25% a1

S 40
= investigations g 20% =
= different processing % 15%
= compact 2 0%
= foamed VI1:-12% mass c—g oy “ ‘ “
= foamed V8:-14% mass S
= foam distribution 0%
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maximum

= nvestigations mechanical behavior
= gstatic tensile tests
= static & dynamic bending tests
= dynamic puncture tests

S / f,
average minimum | average >

60.00
. §
< x\\
5 compact

V1: -12% mass
B V8: -14% mass
3-point-hending = 2.5 m/s
0.00 4.00 8.00 N 12.00 18.00 20.00
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a500.00

Puncture — 4.4 mjs

= Investigations mechanical behavior
= static tensile tests
= static & dynamic bending tests

= dynamic puncture tests £

ve 00 \\ 800 . . 8. 20.00

= § \ Displacement [mm]

D \ compact
V1: -12% mass

T * V8: -14% mass

3-point-bending —+ 2.5 m/s
0.00 400 5.00 strain [%] 12.00 18.00 20.00
S T ' N P HYSsSics wWEeE TRUST 4 C|




= Investigations mechanical behavior
= static tensile tests

= static & dynamic bending tests
= dynamic puncture tests

5 [MPa]

Stres

3-point-bending — 2,5 m/s

8.0

Strain [%]
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Puncture — 4.4 m/

Force [M]

Displacement [mm]

compact

V1: -12% mass
V8: -14% mass



= virtual material modeling

1.

compact material — PP T10

determine *MAT SAMP-1

4 VvALIMAT

83{_/,
N

GVI‘I’I

€p

D A

—

p

/—
én
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by reverse engineering Hardening Triaxiality Damage/Failure
50 | 0.5 1 , 12000 1 3.00 1 2.00
s v/ | ="
: 40 / 04—+ i 256 —_ 160
g A1 \ _ ‘\ ~ \ | z — g ——
| ‘ © | = ] £

é zg J / // n.: amy % 1n 00 .E [ [ — tb d o ‘E _::_ tb d S;
S 45 S £ [ 3 o —
2 10 1 0.1 e ‘ & e o0 N’ ——————6:40 e —

05 1 15| os 03 04 o4 03 05 -15 5 5 15 099 066 -0.33 000 033 066 0099 0.0001 0.01 1 100 10000

equivalent plastic strain [-] equivalent plastic strain [-] pressure [-] triaxiality [-] strain rate [1/s]
1o B =i 1 01 -
- -
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4 VvALIMAT

= virtual material modeling Oym D9 €y
1. compact material - PP T10 e — ‘S —

determine *MAT SAMP-1 p—1 M N

— Hardening Triaxiality Damage/Failure

by reverse engineering

dynamic bending dynamic puncture test

oo 5000.

PPPPP _1580g_2pBmps_lnd0mi rest
1.1_3PBEP_1500g_2pSmps_luddmm resi(avg: 4% macd.7%) v.m
+p

static tensile

Stress [MPa]
Force [M]

12
Strain [%] Displacemen t [rmm] Displacemen it [mm]
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= virtual material modeling

1.

2. foamed material scaled by 0.8

static tensile

compact
foamed V1

dynamic bending

4 VvALIMAT

G A €
vm Q)p p
g
& —1— n N

Hardening Triaxiality Damage/Failure

dynamic puncture test

Stress [MPa]

Strain [%)

nnnnn

Force [M]

uuuuuuuu

l Vv, mp

ooooooo

10.00
Displacement [mrn]
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VALIMAT
= correlation simulation

. . . SIMULATION with SKIN-CORE-SKIN
= virtual material modeling

= structural prediction

= variation skin thickness i

variation of cell volume

45.00

Force [M]
&
2

/ compact

skin thick| 20%; core damaged 50%
skin thick| 20%; core damaged 75%
skin thick. 10%; core damaged 75%

0.00 250 500 780
Displacement [rmim]

10.00
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Outlook

- Process simulation

Filling

foam distributiori/\i
cell volume LN

CADMOULD

BN 3D-F SIMULATION

_____________________________________________________
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" Structural simulation
FIBERMAP |

. coupon level

damaged material
25 simuLIA

i LSTC Virtual i
' Tecmoioay Som gerforrrtanl:e !
® Solution !

' LS-DYNA - .

_____________________________________________________




Summary

structural foaming
= simple scale rough estimation
= local distribution - local strength and failure strain

challenges for future

= machine < process sim. < Virt. material «» structural sim.
= material transfer models / material model

= simplification

- defining a new CAE standard gVMAP
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Thanks
for your attention

ey d ! 7 |
Simzon

SUPPLYING SOLUTIONS

_FFG

Osterreichische
Forschungsforderungsgesellschaft

ITEA3: Defining Standards for Material Data
Transfer in Manufacturing Virtual Simulation

g’ VMAP
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