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VMAP - Virtual material modelling in manufacturing

Physical foaming in Injection Moulding

F. Puhringer, P. Pazour (Wittmann Battenfeld); M. Mades (Simcon)
P. Reithofer, B. Jilka, B. Hirschmann (4a engineering)

17th 4a technology day — Plastics on the test rig

3-4th March 2020, Werfenweng

Werfenweng,4.3.2020 D 1TEAZ 4



AGENDA

Foam Injection Molding
Introduction — What is VMARP
Process Simulation

Structural Simulation

© 4a engineering GmbH 2020
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CELLMOULD®

F. PUhringer, P. Pazour;
Wittmann Battenfeld, Kottingbrunn Austria

g? VMAP
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CELLMOULD® - Lightweight Technology

Part 1: Foam Injection Molding

Why structural foam?

Process technology

Blowing agent

Process Components

- Product examples

Design of mixing elements

........... Werfenweng,4.3.2020
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Why structural foam? (9 VMAP

= FElimination / reduction of sink marks compact outer layer
(gas has function of holding pressure)

= No or low orientations / warpage foamed core
= [ ower Iinfjection and cavity pressure
» Clamping force reduction (smaller IMM)

» Reduced flashing

» Reduced cooling times / cycle times
= |mprovement of weight specific mechanical properties
= [onger max. flow paths through reduced viscosity

» Reduced weight (material savings)

aq . EA

© 4a engineering GmbH 2020
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injection packing

Werfenweng,4.3.2020
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%
Process Technology (9 VMAP

a) Thin skin
Very fine cells

b) Thick skin
Larger cells

Influence of fill time on foam
structure for PC mouldings

Fill times: a) =0.3s; b) =0.6 s;
c)=12s;d)=15s

H ENGINEERING WerfEﬂWEﬂg,4.3.2020 u ITEAZ 4
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Temperature

https://en.wikipedia.org/wiki/Critical_point_(thermodynamics)

Werfenweng,4.3.2020

g VMAP

Density Diffusion coefficient Viscosity

[gcm3] 10° [m?s?] [uPa s]
Gaseous phase 0,001 1000 10
Liquid phase 1 1 1000
Supercritical 0,2-0,9 10-100 10-50

N. Dahmen, V. Piotter, F. Hierl, und M. Roelse, ,, Uberkritische Fluide
zur Behandlung und Herstellung komplexer Werkstoffe

und Oberflachenstrukturen”, Forschungszentrum Karlsruhe GmbH,
Karlsruhe, Abschlussbericht FZKA 6585, 2001.

Nitrogen: -147°C and 34 bar




Process components

= CELLMOULD® unit
= Nitrogen supply

Unfimann Bor

-3
. @ . A
» Pressure generation | —— 5~
Process setings Callmould A
- Gas feed profile
aS O W re gu a Or Gt 2500 ina Mumber of profile paints |2 = |
WM a0 mm
w0
®’ O ®
G . . t
20
1 2 M
4,80 lmin
u 0,0 2000 mm
- - L] 330 bar
o - {. S ax. fime gas feed [ 9000 0.0
- tion 0,00 LZykl
0,00 limin
Current melt pressure gas feed point 2 bar
it back pressura bar
mmmmmmmmmmmm imelt pressure. bar
uuuuuuuuuu re bar
Injecter open . Injector closed
Clamp injection piston
@) lamp injection pisto
- Imp injection pistol 4] 0| bar
) clampinjection piston (pressure controly o|  120|bar

© 4a engineering GmbH 2020
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Product examples

Cable drum:
(PP recyclate, D = 700 mm)

Weight: -25%
Compact: 5080 g
CELLMOULD®: 3800 g

Clamping force: -60% (600t — 200 t)

© 4a engineering GmbH 2020
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Design of mixing elements

Werfenweng,4.3.2020 D) 1teEAz 4
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» Design of plasticizing unit Metering stroke
£
- Shot volume 3
_ s I
- Dwell time % 39.17%

Optimum

Maximum screw torque

Theoretical
stroke
range

Maximum injection pressure

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00% 100.00%

Stroke in % of max. metering stroke

» Special features for CELLMOULD
- Retaining ring
- Mixing elements

= PSI/Rex

B SNGINEERING Werfenweng,4.3.2020
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Screw design of CELLMOULD test rig
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Simulation results

g;’

VMAP

Pressure [bar]

— without Slots
-- with Slots

© 4a engineering GmbH 2020
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Pressure sensor




Practical results

© 4a engineering GmbH 2020
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Melt pressuare at gas injection point in bar

Compare mixing elements with and without slots
V1vs. V1.2

105

95

85

75

65

metering
100 bar backpressure

idle time
120 bar screw clamping pressure

I I e —

10 20 30
Record time in s

Werfenweng,4.3.2020

g? VMAP

metering delay
120 bar screw clamping pressure

Slots
~ without
- with

teps
End of metering
Start of injection
End of holding




Conclusio g)) VMAP

» Target values for screw design diverge
» Universal 3-zone screw is not a specialist
» Many input parameters for a CELLMOULD screw

» Desirable simulated output of CELLMOULD screw
- Smooth pressure curve

- Low pressure buildup/loss

= Good correlation between simulated and measured pressure values

aq . e il

© 4a engineering GmbH 2020
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Introduction — What is VMAP
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Motivation - a general problem in many industries

Process 1 — VVendor A

Process 2 — Vendor B —

Process 2 — VVendor C

Process 1 — VVendor B

File format definitions
notation for discretisation
(Shell) element definitions

results
distributed material props
manufacturing history

Process 1 — Vendor C

Process 2 — lendor D

Source: Gino Duffett, Klaus Wolf; A new Interface Standard for Integrated Virtual Material Modelling in Manufacturing Industry
more: http://vmap.eu.com/

© 4a engineering GmbH 2020
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VMAP
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Process 3 — VVendor A

Process 3 — VVendor D




A new Interface Standard for Integrated ((%)) VM A P

Virtual Material Modelling in Manufacturing Industry

» |TEA 3 — standardizing project -
= working on a new CAE industry standard — ¢oeconw D
= 29 partners @ Insumma
@ KE-works kxNA
- CAE end users MSER software ik
- application end users it =iEDAG
- R&D engineers S S
~ Zi Fraunhofer
reden
- software vendors . W
= yse cases in the field s T
i metal fo.rmmg | i
S - composites manufacturing ©fstream CRIKUTECY
S - injection moulding of plastics i & BoseH
- 3D printing SAmeen
g (ndlech
o
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A new Interface Standard for Integrated

Virtual Material Modelling in Manufacturing Industry

Moulding Processes
CFRP for

<t Behaviour | i
Lightweight Vehicles /. and \mpa
h ..:.,' \ * \
j ; ~ N \

Woulding Processes
Extrusion blo;u 0
moulding ©
packagings and large g V M AP

| and Fatique | Stenaih ’
containers
: ) : \nterface 1d Modelng of
erial Data Exchange Hyond Mode!
K Miat \ Consurmes Products

Additive
Manufacturing
in PlastiC

peroSpace

=

» Use Cases 2 to get input for specification

D
a

Use case 2.3

Molding Processes B snoinEsRiNG

Werfenweng,4.3.2020

Use case 2.3.1

|mpact ssssssssssss
Use case 2.3.2
Foaming 4CI sssss

’ﬂ
Ulrflmann ' HBorrenfeld

Use case 2.3.3
Fatigue

BOSCH

Use case 2.3.4
Anisotropic Creep

BOSCH




CADMOULD “’

SIMCON
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Process Simulation

4a Technology Days, 03.-04. March 2020
Max Mades
Simcon kunststofftechnische Software GmbH, Wurselen

Werfenweng,4.3.2020 D) 1teEAz 4



Filling Simulation

%
Simulation is State of the Art in the Development Stage (9 VMAP

© 4a engineering GmbH 2020
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CADMOULD

Werfenweng,4.3.2020

Part and Mold Geometry available
as 3D-Model

Filling Simulation is Standard

Virtual Optimization Of Part, Mold
and Process in early stadiums of
the Developing Process

Useful results for Users in Injection
Molding, Mold Design or from
Developers from every kind of

Industry
g i1TEAZ ‘



CADMOULD® 3D-F Foam

Input of Foaming Parameters

© 4a engineering GmbH 2020
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FOAM

Blowing agent Diffusion

Foaming mode @) Physical

Chemical

Blowing agent | Nitrogen

Mol Mass of the Gas [g/mel] ?8.0134

Options

Mass percentage of the gas [3] 0.61

|+| FOAM Default Packing
Expert Mode
[ | vary

o

Cancel

Physical Foaming

Werfenweng,4.3.2020

FOAM

Blowing agent Diffusion

Foaming mode

[+| FOAM Default Packing
v Expert Mode

[ | Vary

() Physical ® Chemical
Blowing agent | Nitrogen -
Mol Mass of the Gas [g/mol] 280134
Options
Mass percentage of the gas [3] 0.222026
Dosage masterbatch [%] | 3 |
et nTomrere oo | 120 |
Blowing-agent content masterbatch [35] | 50 |

oc ][ one

Chemical Foaming

g i1TEAZ
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CADMOULD® 3D-F Foam &
Available Results in FOAM 9

L I [ | | _ [T 2

VMAP

0.00 458 9.16 13.74 18.32 22.90 2748 32.06 36.64 41.22 4579 Result Selection X
006 - V8_0.99%Gas 41 Stitzpunkte, Orientierungen Packing Gas Volume Fraction (interior) - - B ~ .
VM = 4 50% Simulation | 006 - 3DF - VB_0.99%Gas 41 Stiitzp
40623 s / 100.00 %
Group Snapshot Filling w
. Result Summary
Detail Cavity
Diagrams

Flow Front
. n. Snapshot Filling
Filling Temperature (interiar)

Filling Shear Rate (interior)

Filling Bubble Radius (interior)

Filling Density {interior)

Filling Gas Valume Fraction (interior)
Filling Crientation Degree

Maximum Values

Snapshot Packing

Packing Temperature (interior)
Packing Shear Rate (interior

Packing Bubble Radius (interior)
Packing Density (interior)

Packing Gas Volume Fraction (interior)
Packing Crientation Degree

Part Quality
= Bubble Radius (interior)
et et = » Density (interior)

Y‘_{ = Gas Volume Fraction (interior)
»  Temperature (interior)

Radioblende CADMOULD All Available for Packing + Filling
g i1TEAZ
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CADMOULD 3D-F FOAM %
FILLING - ANIMATED g VMAP
I [ [ [ R

0.011 0.068 0.124 0.181 0.238 0.294 0351 0.407 0.464 0.521 0.615 S I M C O N

005 - V7_0.5%Gas 41 Stutzpunkte Orientierungen

FlieBfront
Fullzeit bei Erreichen [s]
0.308s / 69.28 %

i

CADMOULD

Radioblende

»w
g i1TEAZ

B EnNGINEERING



COMPARISON SIMULATION & REALITY
PACKING DENSITY

L e — T
05617 0.6075 0.6533 0.6991 0.7448 0.7806 0.8364 0.8822 0.9279 09737 1.0500

05 - V7_0.5%Gas 41 Stutzpunkte Qrientierungen

F

Rodolende CADMOULD

© 4a engineering GmbH 2020
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COMPARISON SIMULATION & REALITY
GAS VOLUME FRACTION

-+

el CADMOULD

EEEEEEEEEEE
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VMAP

SIMCON
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COMPARISON SIMULATION & REALITY
PACKING BUBBLE RADIUS

Fasiobende CADMOULD

41C]

EEEEEEEEEEE

g)’

VMAP

SIMCON
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CADMOULD® 3D-F Foam &
VMAP Format as Connection to next Simulation Step (9 VMAP

Virtual

Performance
Solution

CADMOULD "

gVMAP Q E

Using VMAP as easy Connection
between multiple Simulation-Tools

LSTC

Livermore Software
Tachnology Corp.

LS-DYNA®

B ENGINEERING Werfenweng,4.3.2020 u ITEAZ 4
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Structural behavior

4a Technology Days, 03.-04. March 2020
Bernhard Jilka
4a engineering GmbH, Traboch (Austria)

Werfenweng,4.3.2020
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USE CASE - radio mask V2

)
structural foaming ((? VMAP

* jnvestigations - % V1
_ ) .f:? . 4CI aaaaa mV8

- different processing g 20%

= compact D 15%

= foamed V1:-12% mass % 10%

» foamed V8:-14% mass £

. . . 4y} %

- foam distribution g ™

0%

D
a
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USE CASE - radio mask A

)
structural foaming (9 VMAP

» Jnvestigations mechanical behavior
- static tensile tests
- static & dynamic bending tests
- dynamic puncture tests

aaaaa
uuuuuuu

Puncture — 4,4 m/s

Farce [M]

Stress [MPa)

S-GUDiSplalle’“’IEI'lt[“ﬂ“ﬂ:_-w
, , compact
3-point-bending — 2,5 m/s
8.00 p 12.00 g ‘5.33, / 20.00 V1: -12% mass
i V8: -14% mass

D
a

B SNGINEERING Werfenweng,4.3.2020
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USE CASE - radio mask &
structural foaming (9 VMAP

" correlation simulation SIMULATION with SKIN-CORE-SKIN

- virtual material modeling
- structural prediction

= variation skin thickness .‘_Lr

= variation of cell volume

E0.00

45.00

Force [M]
a
2

N
|

/ compact

skin thick. 20%: core cellvol. 50%
skin thick. 20%: core cellvol. 25%
skin thick. 10%: core cellvol. 25%

000 280 500 FA0
Displacement [mm]

ITEAZ
M Enaineeaine iA

10.00

D
a
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USE CASE - radio mask &
structural foaming (9 VMAP

» virtual material modeling
1. compact material — PP T10

. Oym D A Sp
determine *MAT SAMP-1 ' " ﬁ
by reverse engineering & —— M

4 VvALIMAT

. Hardenin Triaxialit Damage/Failure
2. foamed material scaled by 0.8 ; Y ;

compact

foamed V1  static tensile dynamic bending dynamic puncture test

8000

nnnnnn

3FBEF_1580q_2pSmps_lud0mi1 res1

{

555555

nnnnnn

Stress al

[MPal

L
/7
Force [N]

nnnnnn

Etrain [%)
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USE CASE - radio mask A

)
structural foaming (9 VMAP

» virtual material modeling
1. compact material — PP T10

. Oym D A Sp
determine *MAT SAMP-1 ' " ﬁ
by reverse engineering & —— M

4 VvALIMAT

. Hardening  Triaxiality Damage/Failure
2. foamed material PCOMP
compact
foamed V1  static tensile dynamic bending dynamic puncture test
\%\\\\\‘::: L *U_"—Mﬂ,—/—:—m_“ - B 52 mps_lu] S1(ang:T %e macd.7%)
1800 r il \ o (’R
| |
Strain [%] e 0 e D\sn\a;:;znt [mm]
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USE CASE - radio mask
structural foaming

_________________________________________________

' process simulation - structural simulation

FIBEF!MAP

filling - coupon level

(]
damaged material

- foam distributiorj/\i
. cell volume ) ;
: : 97§ SIMULIA E

E E LSTC Virtual :
CADMOULD' | ®® @ . Porformance| |
[ BN 3 D-F SIMULATION i ! LS-DYNA i

_________________________________________________

© 4a engineering GmbH 2020
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USE CASE - radio mask
structural foaming

structural foaming
» simple scale rough estimation
» Jocal distribution =2 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

@

VMAP

aITEAZ ‘
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(10 1 I T N
SimCon

DDDDDDDDDDDDDDDDDD

g; VMAP

Thank you
for your attention

With kind assistance

gvmap  BFFo

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

E BOREALIS

Keep Discovering

EEEEEEEEEEE Werfenweng,4.3.2020
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