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Core Technology and Products

» Material Process Engineering Software

Maccs Prosarties <]
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ThermoSYS Continuous Casting
‘ OLED, LED, CPV Thermal Analysis Software
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Mathematical Formulation (I)

» Chemical Reaction Equations

(1) Gelling reaction 0
R-NCO + R’-OH —> R-NH-C-O-R'+ Heat

Isocyanate  Polyol Polyurethane

(2) Chemical blowing (Water) 0

I
2R-NCO + H,0 —» R-NH-C-NH-R+Heat +CO, ,

Isocyanate Water Urea

(3) Physical blowing (R11, HCFC, C-Pentane)

BL() < BG(g) ; - Heat

» Thermal Energy Balance

c. T {(—AH)OH [OH]o}dXOH +{(—AH)MW]OFXW i 1(_ d—L)
dt ol dt o dt dt

(1) (2) \ (3)
Heat generation by chemical reaction
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Mathematical Formulation (Il)

» Transport Equations

(4) Momentum Equation

0P + V( Dr V) -0 Viscous stress from density variation
o , 1
= (PEV)+ V{0 W) ==V + e VAV + SV (V) + i

(5) Energy Equation

0:C. (% +V- (AT)) =A- (kFAT) + pH o Heat generation by chemical reaction

(6) Mass Transfer Equation

0 . . .
a (pF mi.)+ A(pF vm.. ) =R, <«—— Reaction rate by Arrhenius equation

[OH], [W] = mol per unit volume of polymer mix [NCO] =[NCO], - 2 ([W],-[W]) - ([OH],-[OH])

BL = mass per unit mass of polymer mix
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Graphic User-Interface (GUI)

» Dynamic Arbitrary Section » Fast Meshing Algorithm
& Variable Mesh Control
1 Product, Die, Duct, etc. Meshing Speed : 6 sec per 20 Mill. Mesh

2 Analysis : Filling, Temp., Defects, etc. Automatic Smoothing Algorithm

- Specify Mesh Density using Mesh Block

B -Higher Accuracy by Mesh Error Checking

Mesh Number 1475595 (45x121x271)
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Graphic User-Interface (GUI)

example) Total Analysis of All Casting System
» 3-D Mold Filling Porosity, shrinkage/Solidification, Mold
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Line Channels
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. i AirVents
.
"
Super Cooling
Cavity
Spot Channels
Basc Procedure
Optional Macules
. 7 Overflows Set nstumants
8asc Procedure Launching Condton
Optional Modules AirVents Vo Propanty Window o
Set Tstruments g _— V. C. Mame Tvpe Matera! see (mm) Surface Area (mm™2) Volume (mm3) weght (g) Mesh Voume (mm3) Mesh Nunl
Launching Condton Y B mee ooy asTavITy) K250 14121264006 e ass13 62678164006 1212481
R = v . CASTRUMIER)  FC 250 216537 11023.4 1.5340664006 149526
v CAST(OVERFLOW) FC 250 954801 192605 261975 1924
. 1 o wegnt Mesh Voume (mm™3)  Mesh i * . e i
Vs oon, L Yt eoht (o) ook Vol 3 o MOULD Green sand 423.65 x 503.01 x 491.00 3.411212+006 9.67233e+007 149921 9.672332+007 11225829
CASTIRUMNER)  Hone
OST(CAVITY)  Hone
CAST(OVERFLOW) None
el Hone .
< N1E Gate ), v ), 4 Contact ), 5 Vent
» %\ 1Entity {2 Gate ) 3 Sensor ), 4 Contact ), 5 Vent / 4 <Ip (w\ ) Entity {2 5260 ), 3 Seneor) 4 Contact ) 7i
- A 4. L Ready NUM
Resdy N

Main Window of Solving system (HPDC) Main Window of Solving system (SAND)

» 3-D Thermal Stress / Micro Structure / Mechanical Properties
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dliner & Windows Encapsulation/ Panoramic Sunroof
Seats

Tt T 8 HsG Freg 1 380

oad+

Headrests

-
Reaction Conversion
gz

Bt Evaporation

Gel Point by Simulation

Door Panels
- Molding material information (some in a database)
- Temperature and material of mold
- Physical Design of the mold
- Polyurethane mixing ratio
- No. of Polyurethane (for multiple density use; seat, bumper etc.)
- Nozzle shape (fixed nozzle, moving nozzle, multiple nozzle)
- Nozzle diameter, moving path
- Speed of PU from nozzle at ead
- Location of vents
- Mold open, close time
- Inserts (headrest, steel plate, fa
- Parting line of mold
- Mold tilting

Steering Wheel

Carpetunderlay
Exteriors
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- Predict initial PU location from nozzle
- Predict PU flow pattern, velocity, temper

- Multiple PU tracking

- Predict mis-run of products

- Surface defects (void, crater)

- Density (related to quality)

- Concentration of each species

- Mapping of weld lines

- Predict optimized locations of vents

- Deformation of products (mapping with

Final e
filling [0
Region

aaaaaaa
aaaaaaa
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¥

99% filling: Foam Pressure
Distribution

99% filling: Air Pressure
Distribution

o CAEfMZL
A|Zbof| U2 SR A TjE
A&, o, ocH
0|5 29 olx
EHZAD, | THY o)X
UTET (24)
WC ol AT, HIE B3} Tpo}
ABAQUS, Altair Gt HASHA

High gas pressure region Temperature  Time 20.0344(sec) Filling: 100.00(%) Solidif 7 230%)(deor
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39.7800
35.6200
354600
35.3000
381400
38.9800
38.8200
38.6600
38.5000

090000
080000
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» PROBLEM
Defects : Weld line, Air pocket, Mis-run

Surface defects, Deformation etc.
- Lots of Trial & Error

» SOLUTION
Optimized Mixhead Position & Path
Modification Air Vent Design
Optimized Injection Condition

Application New Material
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Overall Simulation Process

p Flow Chart

Step 1. [ Checking Data } Correct information or not

c Making DB Using DAPS orofi
Step 2. (PU solution) sing DAPS profile

c [ CAD Modeling

Transfer format to STL
Step 3. & Transfer }

CL Setting } Using Pre-processor

Step 4. Conditions
4 . )
Preparation of Data Step5c L Solving } Using AnyFOAM Solver
1. Material Information
2. Foaming Condition c Observe Using AnyFOAM Post
3. Modeling Step 6. Result

- J
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Process of Simulation (1)

Step 1. Checking Dat
P Step ecking Data Height profile

1. DAPS profile
- mold size check
-> temperature / rising profile
2. Foaming liquid mixing ratio
3. Condition / Modeling

[ Checking Data }

140

120 4

100

Height

80
60 Experiment
~— Simulation

40 4

p» Step 2. Making DB
Making DB 1. Making mold model ° =T e W
(PU solution) 2. Simulate DAPS test using S/W

3. Compare experiment and simulation

using anyDB result (rising / Temp.)
100
o 80
2
s 60
H
E
e 40 Experiments
Simulation
Temp. profile

T T T T T
20 40 60 80 100 120
Time (sec)
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Process of Simulation (2)

P Step 3. Transfer format and Modify Modeling

Transfer format and 1. Original modeling file check
Modifv Modelin 2. Make necessary part = mold (for parting line)
y g Modify modeling = broken part

3. Change file format (to STL)

Substrate
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Process of Simulation (3)

P Step 4. Setting Condition

Setting

Conditions

9899/85%#/0FEE0E2 b=t

aagEEseenaa-»@ S B
2% 7] untitied1

Mesh Generaton
EnfityNmber 6
Mesh hurber 0

Materdl See (mm)
None 70
None
None
None
lonz
None

Set condition using Pre-processor

Set Entity

Mesh Generate

Set Material

Set HTC (Heat Transfer Coefficient)
Set Variable Option

Set Pour Pattern & Condition

e LS ES
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Process of Simulation

p Step 5. Solving

5§ arjSOLVER 12003
: ANYSOLVER setoan™ siromegprosssmnin /
sing Solver Sive
M T
So VI n g Open Project Project Name : dashboard_def3_1_131004 f!}
Project Path : I:#1_Projcet_CurrentiHyundai_Foam#Resultw2atmiwPL Help

Ending Condition : Time = 100 sec

1. Possible to intermediate save

2. Possible to continues solve using saved
file

Time : 0.00539593 sec Iteration : 19

3. User can observe the result during o o o
SOIVi n g Special Information
4. Batch runner

0.1499042%

Elapsed Calculation Tme : 0 hour 0 min 26 sec

P Step 6. Observe Result

Observe Using Post-processor
Result

Foaming Sequence =
Air Entrapped area (Air Pressure) :
Temperature
Density
Pressure

bk whn =
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Overall Foaming Pattern

. 0 H H
» Air Entrapment (air pressure) High gas pressure region
Pressure  Time: 13.6384(sec) Filling: 90.04(%) Sqifgation: 4.67(%)(F4) Pressure  Time: 13.6384(sec) Filling: 99.04{%) Solidification: 4.67(%)(Pa) Air Pressure  1.0000 mynercﬂ@____zl~
~
2030897 2030897 £ I ‘ 2atm 1.00000
2008934 2008934 0.90000
198647 2 198647 2 ‘_ 0.80000
1965009 . 1965009 0.70000
Final
194304 6 194304 6 0.60000
192108.4 fl”Ing 192108.4 0.50000
1899121 Region 1899121 0.40000

1877158 1877158 0.30000
185519.6 185519.6 0.20000
1833233 1833233 0.10000
1811271 1811271 0.00000
1.9atm
" "
| & |
\\ - \\ -
99% filling: Foam Pressure 99% filling: Air Pressure Air Pressure Modulus
Distribution Distribution

Air pressure Modulus: it show the relative pressure of air at the final foaming state

—> This function is very simple and more comfortable to check the defect area than
air entrapment sequence
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Overall Foaming Pattern

» Temperature Distribution

Temperature rise during pouring Temperature Rise in Exothermic Reaction

Temperature Time: 0.466739(sec) Filling: 13.000%) Solidification: 0.1 4% )(degree centigrade) Temperature Tirme: 40.10145¢sec) Filling: 100.00¢%) Solidification: 13.13(%)(dearee centigrade)
1882770 450000
18.74407 s 52.4099
18.66224 i i 432199
18.57952 // 472298
1849679 y 44 G397
1841406 31 * 420497
1833134 b ‘ 394596
18.24861 36.2696
18.16588 342794

18.08315 31.6894
18.000432 29.0994

Foam Front: 0.5 sec Foam Back: 40 sec

Temp. Rise adjacent to the foam

Temperature Time: 30.0944{=ec) Filling: 100.00(%;) Solidification: 7.23(%)idegree centigrade) Temperature Time: 100.006{=ec) Filling: 100.0&%) Solidification: 19.62(%){degree centigrade)

403000
40,0200 )
397400
39 4600
391800
36.9000
386200
363400
38,0600
377800
37 5000

4001000

39.9400
3Ja.7a00
39.6200
39.4600
39.3000
39.1400
38.9800
38.8200
386600
385000

Upper Mold: 20 sec Upper Mold: 100 sec
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PU Automotive Solutions

Automotive applications O -BASF

The Chemical Company

Headliner & Windows Encapsulation / Panoramic Sunroof
» Easy Processing Seats

- Reaction-Injection foaming

- Process-energy saving Headrests
Instrument Panel

» Tailor-made System
- Systemized PU raw materials
- Adjustable physical properties

> Light Weight & Low Density
- Adjustable foam density
- Cost-effectiveness Door Panels

Steering Wheel
> Suitable for Auto Interior/Exterior Carpet underlay
Exteriors
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Prediction and Optimization

Air Pressure  1.0000 (dynefcm*2) . Pressure  Time:136384(sec) Filling: 89.04(%) Solidification: 4.67(%)(Pa) " .
Air Pressure < Air
1.00000 203088.7
0.50000 M d I 2008934 P
0.80000 oduius 198697.2 ressure
0.70000 186500.9
0.60000 1943048
. 0.50000 192108.4 P

Alr 0.40000 1868121
0.30000 1877158
0.20000 1855196

Pressure 0.10000 1833233 .“

0.00000 1811271

Can check void area & high air pressure region easily

Temperature  Time: 40 1015(sec) Filing: 100.00¢%) Temperature  Time: 100 008(sec) Filling: 100.00(%) Soli 19.62(%)(degr Mo’d

Foam

52,4080 40.0200

g, 39.7400

472298 39.4600

145387 30.1800

120087 36.9000

Tempo 30,4586 386200

. . " 36,8695 :: zgss

Distribution B 37 760
316884

26 nas4 37.5000

Can check Temp. distribution of Foam & Mold

Density Tirne: 15.9631(sec) Filling: 100.000%) Solidification: 5.58(%) Polyol Tirne: 15,8631 (sech Filling: 100.000%) Solidification: 5.53(%)

.
0125000 Denslty 0.9480000
0.122802 0.9472000
0.120605 0.9464000
. 0.118407 0.9456000
DenSIty & 0116209 0.9448000
0114011 0.9440000 |
Polyol 0111814 09432000
0109616 0.9424000
o . . 0107418 0.8416000
Dlstrlbutlon 0105221 0.9408000
0103023 0.9400000

Can check foam properties distribution
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FEM Interface with ESI, ABAQUS, ANSYS, Altair etc

AnyFOAM
ou_—_——_-——_-_—----_—_—e-——— - -;
|
Thermal/ | Info. of
Chemical reaction ! )
Analysis : Nodes
y : Elements
(FVM grids, I Groups
temperature, I
density...) I

| FEM
Foam Simulator »! | thermal/stress/
Temperature deformation

|

|

|

|

|

|

|

|

|

|
|
|

|

|

|

|

|

: Density
|

|

|
|
|
|
[
w/ FEM Interface [
|
|
|
|
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3. Improve Quality, Cost,
especially Delivery(development speed)
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