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Challenges in the Foaming Process

> Difficulty of processing control
(control of state of thermodynamic instability)

> Unknown status in a foaming process
(temperature and pressure variation)

> Part defects
» Lack of material
« Bubbles
» Aspect defects
» Dimensional defects

> Development of reliable CAE technology
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Category of Polymeric Foams

Polymeric Foams
Polymer matrix Thermoplastic m

Physical Chemical Physical Chemical
(PBA) (CBA) (PBA) (Water)

_ MuCell Exothermic CBA MuCell PU (+water)

Blowing Agent Endothermic CBA
Cell Nucleation & Cell Growth Foaming Kinetics]

Foam Injection Molding (PU) Chemical

Foaming
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What Moldex3D PU Chemical Foaming can Do

> Support Polyurethane(PU) foaming process simulation

> Assumptions
« Curing Kinetics
« Foaming Kinetics

> Results
« Curing conversion rate / Foaming conversion rate

» Cell size / Cell Density (New in R16)

> Special Process
» Support oscillating rotation (New in R16)

> Only support Solid mesh file
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Computation Parameters

> Calculate cell size and density (‘Advanced Options for Filing/Packing Solver (2 )
« Build-in gas type Accuracy/Performance | Venting Foaming | Wall Slip BC |
m N [7] Calculate Cell Size and Call Density
H CO: Ciis tyis- |BER -
 Others Material Properties

Gas solubility parameter - 1.152-010 mol/(cm*3Pa)

B Further information needed

Surface tension :  0.000123 MN/icm

Mucleation Parameters

Caorrection factor f0 - “3.5e-[]22

Correction factor F - 00_0'1:1[]_85

Threshold of bubble(Jt} - 1 - 1em*3s

Default




Process setting

> Rotating setting

» Rotation origin and rotation axis

« Angular speed profile

e
B8 Moldex3D Process Wizard

Project Settings | Filling Settings | Foaming Settings Rotating Settings | Cooling Settingsl (I_ =

Rotation origin

X=|o cm ¥ ' cm Vi 0 cm
Rotation axis
x=lo Yoo oo 7=

Rotational velocity

Maximum angular speed - 10 rad/sec

[ Angular speed profile ]
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PU Kinetics Measurements

> Records the parameters of the foam’s creation process with use of
proper measurement tools

 Measurement of reaction temperature

» Measurement of pressure

» Measurement of profile of foam growth (foaming kinetics)
» Determination of viscosity level (foaming viscosity)

+ Measurement of dielectric polarization (curing kinetics)
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Chemical Foaming Example: PU Foaming

2 venting
into overflow

open open open closed closed open

Filling_Melt Front Time
Time = 23.429 sec
Isec]

—m 23172

21.636
20.099
18.562

Simulated flow
pattern matches
reality, further used
in performing a
weight reduction
analysis on the part,
runner and overflow

17.026
15.489
13.953
12.416
10.879
9.343

1.660

—™ 0.123 Moldex

180 Run 3:Autoliv new ™ PTU102C-B_new testratx/Autoliv CF. 8
¥ 0 A} 100% (23.2 sec) (Enhanc TP TS Epi=2,621,000 Ec=0 Em=0 (FasiCool) <Mixec

270

270 Capy of Rum 2 00 1000 mm 9

R15.0{150.0) 18:14:56-12-18-2017 50.0
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Analysis Output

> Melt front time
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Analysis Output

> Conversion
« Degree of curing/crosslinking
> Foaming Conversion
- Degree of foaming reaction
> Density
« Density distribution considering the foaming cells
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Analysis Output (New in R16)

> Cell Size
» Foaming cell size distribution
> Cell Density
« Foaming cell density distribution
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Gravity Force Effect

> Under the gravity force, low viscosity PU foam flows along the
bottom of the cavity

without gravity force With gravity force

Filling_Melt Front Time
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Rotating mold (New in R16) %

> Supporting rotating mold
« Available to simulate the polymer behavior in the rotating mold

Filling_Melt Front Time Time= 0.50644 sec
Time = 0.506 sec

s
| 75 Ron 14:10x10x10_0dot25_PI0.mfe/PU_PU-2_A2-e12_1.mtx/MoldRotation_Gravity_90.pro

0 At 100% (0.493 sec) (Enhanced Soiver),Ep=64,640 Epi=640 Ec=0 Em=0 <Hexa>

Copy of Run 27 siow rotGrav in -thetaSA=1{Copy of Run 1)A=26-12 T5sec(Copy of Run 8)Copy of Run 10)
1.00
000 400 nm 14

R16{160.0) 18:30:28-12-28-2017 200



Venting Gap Effect

> No vent gap region provides a high resistance force to comporessed
air

Filling_Melt Front Time

vent gap
18.645
17.403
16.161 vent g a
14.920
13.678
12.436
11.195
0.953
2711
7470
6.228
4.987
3.745
2.503
1.262

8, 0.020 Moldex

Air vent

Filling_Melt Front Time
Time = 22.169 sec

[sec]
3.988

3723
3.459
3.194
2.930
2.665
2.401
2.136
1872
1.607
1343
1078
0.814
0.549
0.285
-8 0.020 Moldex

without venting effect

Filling_Melt Front Time
Time = 35.376 sec

fsec] vent gap

19.115
17.842
16.569
15.296
—{ 14.023
12,750
11477
10.204
8.931
- 7.658
6.385
5112
3.839
2.566
1.293

& p.oz0Moldex

Filling_Meilt Front Time
Time = 22.165 sec

[sec]

4.224
3.943
3.663
3.383
3.103
2822
2.542
2.262
1.982
1.701
1.421
1.141
0.861
0.580
0.300

0.020 Moldex ©

with venting effect

15

Moldex3D

#1 -Melt



Water (Blowing Agent) Concentration

> Higher water concentration
causes faster foaming, so
shorter filling time

Conc.(water)= 780 mol/m?

Melt Front i 13515 sec

— % Moldex
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I_:I}l])oldex?)D

]
Filling - Gas Volurse Fraction "

Gas Volume Fraction|= 62.5%

Gas Volume Fraction|= 53.7%

Conc.(water)= 780 mol/m3
Conc.(water)= 260 mol/m3

000 626 1282 1878 204 31.30 37.56 4382 50.08 56.34 8260
polyol = 3045 mofm*3isocyanate = 3604 ma¥m Iwater = 780 moim”3

Conc.(water)= 260 mol/m?

Filling_Melt Front Thme
[sec]
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il Froni al  27.658 sg

= 22427
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14.751
L 12.007

Ehtaty T

z 55
lor 0
x 48 0.0 ol o i
1.60 : !
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Moldex3D PU Foaming

> Filling Pattern with foaming behavior

> Foaming conversion rate and density of the part

> Gravity and venting effect

> Warpage prediction

17
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