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In-Mold Decoration (IMD) Analysis




In-Mold Decoration Process

> |n-mold decoration/In-mold labeling/Film insert molding

(IMD/IML/FIM)

— Decorating layer(film/label) + molded resin

1) Screen printing

Decorating layer:
Ink layer
Binder layer

Substrate:
Resin Sheet

=

Process flow
e Screen Printing
e Forming process
e injection molding process

=

3) Injection

Molded resin

1 Ejector pins retract. 7 _Film is clamped.

2 The feeding sensor 2 Suction of the film
detects ths film starts.
supply & location,
while adjusting the
film to a designated
position.

"‘? \T
+ 1

1. Maold closes. 1. Robot arm enters.
Ejector pins eject
2 Maolten resin is part from mold.
injected 2 Release Clamp system:
into the mold. Cast off carrier film is
wound by a retraction
unit.
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Film

Decorating layer | Ink Layer ‘

> Decorating layer/Film
— Strong and consistent ink bonding

— Material
» polycarbonate, PET, acrylic, ABS, PVC and PS.

Resin

> Decorating layer/ink layers

— Based on performance specifications

* Opacity, transmissivity, IR and RF transparency, chemical resistance,
elongation, adhesive strength...etc.

> Molded resin

— Theinsert and molded resin no need to be identical, but
compatible

— Material
 PET, SAN, PC/ABS, PVC, nylons, ABS, PS, acrylic, PP and PE.
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Applications

> Common applications
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Defects

> Defects could occur during injection molding process
— Wrinkle
— Warpage

Figure 2: warpage of the film and substrate because of the asymmetrical temperature distribution

— Ink Wash-off/Wash-out

« The phenomenon which the base material and ink surface around
the gate is melted by the pressure and heat of resin that is injected
at high temperature during injection.
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In-Mold Decoration (IMD) Simulation

> Allow to consider IMD film with BC setting
— Simply model preparation by assigning IMD BC with thickness

— Consider thermal and mechanical property of decoration film
with material assigned

— Provide wash-out index result considering thermal and shear
effects during filling

> Benefit
— Easy model preparation to approach a very thin film
— Quick diagnhosis of wash-out issue

—Boundary condition type

[IMD film -~

# | MName | Color | Thick... |

1 New [ 0300

New BC
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Designer BLM: Simple Setup Procedure for IMD Film

> Apply simple BC setting instead of creating solid mesh
— Save effort significantly for the IMD film meshing
— Support MFE only

> Assign the properties of IMD film in Moldex3D Designer
— Thickness of IMD films
— Group number of IMD film (for multiple material cases)

Current Action A
(&) setracesc. ® @
~Action
Add
—Selection method
oy FROG W
&: Max face-face angle 300
~Boundary condition type
IMD film -
# | MName | Color | Thick... |
2 IMD Film I 0250
MNew BC
,LY
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Flow/Pack: Wash-out Indicator

10

> Wash-out Index
— To evaluate wash-off severity of IMD film

Melt T=310 C Melt T=300 C

-
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Cool: Thermal Effect by IMD Film

11

> Asymmetric temperature distribution due to thermally
Insulated IMD film

R With IMD film No IMD film

Mold Base
Temperature
distribution
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Warp: Constrain Effect of IMD Film

> |mbalanced shrinkage induced by:
— Constrain effect during warpage
— Thermal effect during cooling (non-uniform temperature)

R With IMD film No IMD film
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Volumetric
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Warpage
X displacement
(Scale factor x 2)
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80.138 ~ 137.471
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Category of Polymeric Foams

Polymeric Foams

Polymer matrix Thermoplastic

Physical Chemical Physical Chemical
(PBA) (CBA) (PBA) (CBA)
MuCell Exothermic CBA MuCell PU (+water)
Blowing Agent i
owing Agen Endothermic CBA
Cell Nucleation & Cell Growth Foaming Kinetics
Foaming Injection Molding Chemical Foaming
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Presentation Notes
foam injection by physical foaming agent or chemical foaming agent
thermoset – curing (elastomer): thermoplastics with curing agent


Blowing Agent in Polymer Processing

15

> Physical blowing agent
— Gas produced by phase change.
— Organic: CH,, C;Hg, CFCs
— Inorganic: N,, CO,, Inner gas

> Chemical blowing agent

— Gas produced by thermal decomposition or by polymerization
reaction

— Thermal decomposition
e Organic: Azo compound, OBSH, DPT
e Inorganic: Bicarbonate

— Polymerization reaction
 PU reaction with water
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Chemical Foaming Application

> Polyurethane foam can be used in
— Automotive industry (dashboard, steering wheel, seat)

— Refrigeration industry (refrigerator insulation layer, insulation
sandwich)

— Footwear industry (soles)
— Medical industry (bed mattresses)
— Building and Construction

Autlamotive Automative



Support PU Chemical Foaming Process

> Provide foaming kinetics for different by-products in chemical
foaming process

— By-products during the chemical reaction are simulated according to
the foaming kinetics equations for the gas generation

Benefit
> Visualize density variation by considering the foaming kinetics
> Evaluate the effected results of foaming conversion

v Moldex3D



Validation: Temperature

> Reaction heat to heat source
— Cp (polyurethane = 1.8e7, water = 0.8e7 erg/g-°C)

d7’ B (—AH[:)f'p_t]fl-\'p n (_-ﬂ-Hw)f'\\'.liil-\r‘.\'

dt PrmCp.f t Prm Cp.f dt
L 0 00 0 0 0 P
4407 e experiment _
< 420 Emedel A— 2
t 400 """ mOdelB
%380
[<F)
2 360 :
g
= 340 :
320 g sttt NP
300 ----- | I 1 | | | 1 | | I |
0 50 100 150 200
Time 7 (s)
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Validation: Density

> The more the CO2 gas, the smaller the density
> No Physical BA, L=L0=G=0

1200 B T T T T T T T T T T T T T T T T ]
AR h i
g 1000 D ------------------------------------------------------------------------------------ =
on \ \ . . i
s P E : = N
= 800y S - e experiment| ] 1+ Lg
s B \\ ' —— modelA i Pr = TO,1000RT GIO0ORT L 1 D
. 600 F| = + + o
a ] PM ¢z PMg PeL Py
@ - where G=Lg—-L
E [W]oX w Mo
0 50 100 150 200
Time £ (s)

Ref: S. Baser and D. V. Khakhar, Modeling of the Dynamics of Water and R-11 Blown Polyurethane Foam Formation (1994)
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Analysis Output

> Melt front time

— Melt front advancement is a position indicator as melt front
boundary movement in different time duration in the filling
process

Filling_Mel Front Time Melt Front at  14.476 sec

[sec]
—e g 14.476

13.511
12.546
11.581
10.616
9.651
8.685
f.720
6.755
5.790
4.825
3.860
2.895
1.930

0.965

— 5 p.000Moldex
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Analysis Output

> Conversion

— Conversion is a measure of degree of curing/crosslinking of the
reactive molding compound. Higher degree of crosslinking of
the microstructure of the molding compound will reveal a
higher conversion

Filling_Conversion
[*]
—e 24,292

22.672
21.053
19.433
17.814
16.194
14.575
12.955
11.336
9.717
8.097
6.478
4.858
3.239

1.619

— = g oo0Meldex 0
199
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Analysis Output

> Foaming Conversion

— Foaming conversion is a measure of degree of foaming reaction
of the reactive molding compound. Higher degree of foaming
reaction of the microstructure of the molding compound will
reveal a higher foaming conversion. Fast-foam reactive material
will have a higher foaming conversion value after molding.

Filling_Foaming Corversion
[%]
—e gy 60024

65.262
60.601
55.939
51.278
46.616
41.954
37.293
32631
27970
23.308
18.646
13.985

9.323

4,662
— = poooMoldex
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Analysis Output

> Density

— Users can also examine Density distribution, which reveals the
weight reduction effect during foaming process

Filling_Density

[o/cc]
—e e 1.056

1.026
0.997
0.967
0.937
0.907
0.878
0.848
0.818
0.788
0.759
0.729
0.699
0.670
0.640

— = 0 g10Meldex |0
199
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Analysis Output

24

> Warpage
— The total displacement can provide final deformed part after
foaming process

. Moldex ‘[
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Compression Molding Process

> A simplest way to make rubber products
> |t’s a process which involves:

COMPRESSION MOLDING

1. MEASURED POWDER 2. MOLD CLOSES UNDER

HEAT & PRESSURE
4 4. Open the mold and remove the part
MOLD OPENS

(The excess rubber, called flash,
needs to be trimmed off the part)

FINAL PRODUCT

> |n some applications, compression molding is still the best
way

Image Ref:
http://paws.wcu.edu/ballaaron/www/met366/modules/module5/imageJPS.JPG
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Presenter
Presentation Notes
Fundamental procedure :
Charge(polymer compound) is placed in cavity of matched mold in the open position.
Mold is closed by bring the two halves together. Pressure is exerted to squeeze the resin so that it fills the mold cavity.
While under pressure the mold is heated which cures the thermoset resin (For thermoplastics, the mold is cooled instead.)


http://paws.wcu.edu/ballaaron/www/met366/modules/module5/imageJPS.JPG

Compression Molding Applications

27

> Automotive parts
— Hoods, bumpers, fenders, spoilers, etc.

> Medical equipment

— Caps and plugs to blood separation machines and ultrasound
equipment

> Aerospace
— Electrical connectors to guided missiles

Moldex3D



Factors in Compression Molding

> Some considerations need to know for the process:
— Material property
* Viscous behavior
» Plastic-elastic behavior
e Anisotropic filler orientation behavior

http://www.bizlink-lighting.com/products/vista

— Geometry
o Wall thickness design
e Charge placement (location)
e Single or multiple charges

— Manufacturing
 Mold wall heating http://thriarrpolymers.com/2p=90
 Mold closing range
e Max. clamping force (for proper shape)
* Gel time for thermoset material

 De-molding time

http://www.indiamart.com/ghardachemicals/gpaek-polyether-ketone.html
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Benefits of Moldex3D Compression Molding

29

> Provide flexible compression settings to efficiently
determine the required process conditions

> Elastically support multiple charge design

> Further assess design by analysis result visualization,

including:
— Pressure distribution '
UPPER MOVABLE
. . . (o]
— Fiber orientation ML HALE
CHARGE
— Volumetric shrinkage LOWERFIXED

MOLD HALF

— Residual stress distribution

EJECTORPIN

— Defo r m a‘t | 0 n http://www.coremt.com/processes/compression-molding/

> Optics and residual stress analysis with viscoelastic
behavior consideration

Moldex3D



Flexible Compression Process Settings

> Moldex3D provides compression molding simulation with
complete process condition settings

> Flexible compression settings allow efficient heating and
pressure control to optimize wall thickness design

— Mold compression speed and compression force
— Melt temperature and mold wall temperature

|2 [

Moldex3D Process Wizard

Project Settings Compression | Cooling Setlings' Summaryl

P

[ Compression Force Profile ]

Compression Settings
Filling Bl Froe Time Time = EOF Filling el Froe Time Time = E0F
=
sec " 3 S

Compression time : &

H

H

Maximum compression speed © 10 mm/sec
[ Compression Speed Profile ]
Maximum compression force - 90.2 tf

BIRIEEREREREREEE”

IEGEGEFEEEEIEEER®

Resin temperature a5

" tima - bOF " tima - bOF ¥

old Te: Mo Maidex
Run 3 NaMEsxfe/ARS STYLACYAL? 1o Teatl 2pm Eon 3 anple. 52 MaMEfeARS_STYLACYAZY 1oy M Teatl Zpm
—= 0 ar = Fm=) “J o At 100% 3 38z [ nhanesd Sane FR=085 771 f2=0 Eme) allbsanith

Initial conversion 0 L 1.8 “ ¥ #

1 11000, ) 059 0002 10-20 119,75 05 59,94
Pre-heating time 1

2
. c
Advanced Setting. ..
[ Capture

<Back |[ Next> || cancel | MOIdeXSD
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Multiple Charge Design Simulation

> Support arbitrary charge volume & shape setting
> Support single or multiple charges

Molding with one charge

Filling_Mett Front Time Melt Front at  1.672 sec

Time = EOF

%100 [sec]
g 1672

1.560
1.449
1.338
| 1.227

1.116

—® po01 Moldex
142 Run Z:Compressionlviolding-new.mfe/FPS_FES-3F40_1_3.mtvMDXProject20121214_1_3.pm
7 AH100% (167 sec) (Enhancad Solvers Fiber), Ep=1 608,710 Ec=0 Em=0 =Mixac#BLM-

2.10 Impart v feam DAMOG Wkl it agh C Maidingh MO pie 12 i D MProjects

R1Z.0Pre-Release [120.1] 14:47:68-12-20-2012

Molding with two charges

Filling_Melt Front Time Melt Frontat  1.374 sec
Time = EOF P
%100 [sec] r [Binsac..
— o 1374 Tt

1.282 -
1.191

1.100

1.008

—® po0s Moldex
142 Run 1:Conpressiontolding-nes.rafs/FPPS_FPS-GF40_1 mtt/WMDHFroject?0121214_1.pro

77 Ar100% (1.37 sec) (Enhanced Solvert Fiben, Ep=1,638,710 Ec=0 Em=0 =Mixec/BLI>
S Ve ren T irtusl molding tiat 0 40.0

R12.0Pre-Release [120.1) 15:04:37-12-20-2012

Moldex3D simulation enables users to easily find the better solution

Moldex3D
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Result Comparison of Charge Designs (1)

> One-charge design has more uniform pressure distribution
than two-charge design

> Uneven pressure distribution leads higher deformation

Molding with one charge Molding with two charges -~

£2

Filling_Pressure
Time = EOF Time = EOF

Filling_Pressure

%100 [MPa] %100 [MPa]
— 184.148 — 173472
180.205 170.053
176.262 166.633
172.319 163.213
168.376 159.794
164.433 156.374
160.491 152.954

156.548 149.534

152.605 146.115
148.662 142.695

144.719 139.275

140.776 135.856

136.834 132.436

Pressure distribution Pressure distribution
128.048 126,597
— 8 125 gosMoldex 1 — B 422 477Moldex
333 Ron 2:CompressionMolding-new.mfe/FPS_PPS-GF40_1 3 mtvMDXProject20121214_1_3.pr0 333 Run 1:Compressioniolding-new.mfe/PPS_PPS-3F40_1mtvMDHFrojectZ0121214_1.pm
301 Ang: 125~ 184 Avar 143MPa (@I00% (1,67 sec) (Enhanced Soivers Fiber), Ep=1,698,710 Ec=0 Em=0 <Mped/BLM> 301 gng: 422~ 173 Avg: 143MP2 (@100% 1.37 sec)] (Enhanced Solver+Fiber), Ep=1 535 710 Ee=0 Em=0 <MixedBLM-
4“ Z :7517 Import run from DAMDX WarkingF ParthFram JimmAC Maleing DR 121 SRR MO XProjec 4‘- z :75'7 New run for virtuat maleing trias 00 00
[ T T T ]
R12.0Pre-Release (120.1) 16:38:41-12-20-2012 200 R120Pre-Relesse (120.1] 16:41:02-12-20-2012 200
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Result Comparison of Charge Designs (2)

> One-charge design has more uniform fiber orientation
distribution

> The area of perpendicular fiber distribution leads part
weakness to external force loading

Molding with one charge

Fiber orientation W moldex Fiber orientation

—® 3330 Moldex D
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Result Comparison of Charge Designs (3)

> One-charge design minimizes the deformation losses

Molding with one charge Molding with two charges

\J

s
i

Fillng_ Max. Vebume Sarinkage

2

SRREiGEFET0GEEEn

TIF
§
e

Volume shrinkage (-1.24%~1.46%) Volume shrinkage (0.57%~4.64%)

FE5 05 BRIROEEE

Mo wokies Max. deformation: 0.36 mm ot Max. deformation: 1.3 mm

With Moldex3D, users can find a shortcut to design solution

34 Moldex3D




Charge Distribution

Visualize the area each charge fills by tracking approach
Show the volume filled of melt for each charge

As a indicator of compression charge contribution
Better design of charge size and position design

vV V V V

Filling_Particle tracer Charge ID
Time = EOF

Charge 1
Charge 2

Moldex
180 Run 2:Compressionialding-4_KimbndePA66_LEONAIDGS0_ 1. mteWMDHPrajectZ0131214_2Z.pra
¥ -0 A 009 (2 sec) (Enhanced Salver+ Fiber), Ep=3,438,178 Ec=0 Em=0 =elesigni=
940 ComvofRumi 00 20.0 mm

R12.0Pre-Release [120.1) 12:51:20-02-24-2014 10.0

-
e

* Moldex:

O
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Support Simulation by eDesign Mesh

Improved kernel robustness and capability

Hybrid mesh types supported, such as tetra and structural
elements, of compression zone to eliminate the geometry
limitation due to mesh quality

> Easier to run compression molding simulation by eDesign
mesh approach

> Closer to real compression molding situation

Filling_Melt Front Animation Melt Frontat  1.904 sec
:= EOF

Moldex

227 Run 2:CompressionMolding4_K(m)mde/PASS_LEONAINGS]_ 1 mtyMD¥Projest20131216_2.pm0
x 2 At 100% (1.9 sec) (Enhanced Solvers Fiben, Ep=3438,178 Ec=0 Em=0 <eDesign>

r :11%17 Copy of Run 1

e (130.1) 17:28:46-02-24- 2014

0o 30.0 mm
R13.0Pre-Releas: 150
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Support to Read Deformation Information from LS-DYNA

> Compression molding calculation

— Moldex3D can import the deformed shape and initial
temperature from LS-DYNA calculation

— Different initial fiber settings are enabled
Benefit

> More precise to describe the full process from Solid
deformation stage to Liquid filling stage

4 -

LY YT TV

L
V N __ .
V O @ Q/

C Liquid stage Solidification
Q Solid/Liquid stage

- Solid stage MOIde)(BD

Ejected



Conclusion

38

1. Moldex3D can provide Ink Wash-off indicator in IMD
module.

2. Moldex3D can provide complete solutions for foaming
process simulation (include physical foaming and
chemical foaming).

3. Moldex3D support several kind of composites forming
process simulation.

4. More detailed fiber behaviors can be visualized in
compression molding analysis

Moldex3D



Moldex3D

MOLDING INNOVATION

www.moldex3d.com
CoreTech System Co., Ltd. | Copyright © 2017 Moldex3D. All rights reserved.



	Moldex3D 在先进成型技术上的整合与应用
	Moldex3D 在先进成型技术上的整合与应用
	In-Mold Decoration (IMD) Analysis
	In-Mold Decoration Process
	Decorating layer
	Applications
	Defects
	In-Mold Decoration (IMD) Simulation
	Designer BLM: Simple Setup Procedure for IMD Film
	Flow/Pack: Wash-out Indicator
	Cool: Thermal Effect by IMD Film
	Warp: Constrain Effect of IMD Film
	Foaming Process Simuation
	Category of Polymeric Foams
	Blowing Agent in Polymer Processing
	Chemical Foaming Application
	Support  PU Chemical Foaming Process
	Validation: Temperature 
	Validation: Density
	Analysis Output
	Analysis Output
	Analysis Output
	Analysis Output
	Analysis Output
	Compression Molding Simulation
	Compression Molding Process
	Compression Molding Applications
	Factors in Compression Molding
	Benefits of Moldex3D Compression Molding
	Flexible Compression Process Settings
	Multiple Charge Design Simulation
	Result Comparison of Charge Designs (1)
	Result Comparison of Charge Designs (2)
	Result Comparison of Charge Designs (3)
	Charge Distribution 
	Support Simulation by eDesign Mesh 
	Support to Read Deformation Information from LS-DYNA 
	Conclusion
	Slide Number 39

