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Why Injection Molding Simulation?

> Aesthetics and Dimensional Concerns
— Weld line, air trap, flow mark
— Flow balance and part weight
— Shrinkage and warpage control

— Fiber orientation prediction

> To Help You Be More Competitive

— Cycle time reduction

— Improve overall quality

— Reduce mold trial & tooling cost

— Optimize material selection

> Smarter Manufacturing

— Process optimization before mfg

— Clamping force reduction

— Efficient machine utilization
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Why Injection Molding Simulations?

> Common Issues in medical components
> Dimensions
> |nability to fill
> Pressures

Development

N CELGESS

 Product Design » Molding Defects
» Mold Development » Warpage
* Production Issues « Structure Analysis
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Inputs Needed for Successful Simulations

> CAD
> Part CAD, Tool CAD
> Material

> Viscosity, PVT, Thermal Properties, Mechanical Properties
> Process

> Times, Temperatures, Pressures, V/P Transfer Point etc.
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I\/I at e r I al D at a Introduction to Medical Bracket bt

» Material = Ultramid ASWG6 (30% glass filled PAG/6)
+ Semi-crystalline material (impacts warpage)

> Material
* Flatness Spec = 0.2mm (.008”) — Datum A
> Thermoplastics (PP, PA6/6...) T .
> Thermosets (LSR...) ‘

dow Polymer Industries, Inc. 3 Sinicon Plastics, Inc.
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Thermosets
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Thermoset Material Properties
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Thermoplastics
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Core Shift Prediction

Uses two-way Fluid-Structural Interaction (FSI) Analysis

Simulate plastic or metal inserts

Shows deflection due to pressure imbalance in filling

fixed

Provide pressure loading distribution on part (or mold insert)

FSI (Fluid-Structure Interaction)

Filling analysis: Interaction Structural analysis:

Pressure loading esh deformation Core deflection

— Inject Plastic

Filling_Melt Front Time Melt Front at  1.056 sec /

[ &
Part Insert or Mold Insert
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Medical Application: Syringe

Filling_Core Shift Pressure
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Medical Application: Syringe
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Medical Application: Syringe { core shift

Filling_Core Shift Pressure
x100  [MPa]
e 10.674

02.969

9.265
8.561
7.856
;:j: - = Filling_Mett Front Time Frontat  0.390 sec
5743 e ”\_\_'. , x1l]-1 [sec]
5039 . 3.004
1335 i B}
3630 3.644
2.926
2022 3.384
1517
0813 3124
Ai‘u.mg ;ggoldex: 2,863
B 2.603
Filling_Melt Front Time Melt Front at  0.390 sec 2.343
x10-1 [sec]
. — g 3,001 2.083
Pressure Loading | 1522
3.381 j 3 :
H' t 3.124 1.562 =
2603 g _m—-‘:;' 1.302
2343 M
Sitn P 1.041
1822 g p 0.781
' 0.521
0.261
— & 0.000
Moldex !
{ 360
L 240
o
10.97

Core deflection during 1‘
filling stage
Core Shift

Moldex3D




Core Shift Prediction Benefits

Optimize Wall Thickness / Reduce Variability

PY Material SaVingS ::I:rg_t[:;;?hiﬂTuthispIal:ement
—gg 1.001
0.934
0.868
e Cycle Time Savings s
weor
0.534

e Optimized Flow ol —
-
. 0.200
» Select Mold Materials (Inserts) 013

T an
e Establish Wider Processing Window b3 e 200 o

Final Part Shape Prediction
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Controlling the Quality of LSR Molded Part

* The quality of LSR molded part depends on so many factors, the original part design, material
properties and molding conditions, and so on.

‘ I ‘ I ‘ Injection Molding I ‘ Final I
LSR Material Mold Design Conditions Part Quality

Metering / Mixing High Mold Temp e Barrel Kept Cooler Part Dimension
» Heat is Catalyst * Heater Cartridges * Injection Speed * Physical Property
» Temperature Sensitive e Coolant Design * Injection Pressure e Chemical Property
e Low Viscosity + * Low Runner Temp + * V/P Point » « Optical
 Curing Properties * Precision Components e Packing Pressure
 Quality of Mixture e Vacuum Needed e Packing Time

Liquid A % / Liquid B % e Venting is Important * Curing Time
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Case Study

Model_Shaded Model

e Part description: Lens

 Mold dimension: 200 x 120 x 200 mm (L x W x H)
 Mold type: 3-Plate Mold (with a single melt entrance)
e Melt entrance : $2 mm

e Heatrod . $13.5 mm

Ml _[ o bruis 2.5mm
= Thickest region: 4.0 mm

Moldex:D

168
Z 353

Y-f-‘ﬂ 286
1440

Melt Temperature: 30°C
Mold Temperature 175°C
Initial Conversion: 5%

1
e Thinnest region: 1 mm e
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Gating Design / Concerns

« Gate is designed to have minimal vestige and easy de-gating to avoid damage to the part.
» However, this may result in severe shear heating and premature curing before LSR goes into cavity

Ei::; ,,,,,, Gate: ¢ 0.5 mm

Melt entrance face
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Filling - Melt Front Time

e Melt front advancement through the mold cavity during filling

Filling_Meilt Front Time Melt tat 0.344 sec
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0.344

0.321
0.298
0.275
0.252
0.229

0.206

0.023

o000 Moldex [

Moldex3D It Ea—T




Filling Pattern Evaluation

* From the melt front advancement simulation, one can identify potential
problems during the injection molding filling phase such as

# Short shot # Weld lines # Air Traps

m

Actual
Short Shot

Simulation

uuuuu
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Filling Pattern Evaluation

* Melt front is flowing faster in the thickest center region, which could create a potential void at the
last filled area

e Flow pattern may be improved to be uniform by changing the thickness around the region near
the gate so as to slow down the melt enter the thickest center region

2.5mm

Thickest region: 4.0 mm

=

Thinnest region: 1 mm

Moldex3D o e




Alr trap

* Normally happens at the last fill regions

* Needs to pay particular attention to venting near these regions because LSR has a very low
viscosity relative to other polymers

Moldex3D




Filling Pressure

e Based on the pressure drop and distribution, engineers can revise the part and mold
design.

e Due to the low viscosity of LSR, the filling pressure is usually quite low, normally below
20 MPa (3000 psi).

Filling_Pressure
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Thermal Mold Evaluation

e Temperature distribution at the mold heating equilibrating stage.
e Helps to visualize the thermal distribution around the part and in the entire mold

* Mold temperature is uniform. Current heater location design is acceptable.

1111111

174.898

174.825

1111111
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Melt Front Temperature During Filling

e During filling the temperature evolution is observed.

— Temperature has a profound effect on filling resistance

— Based on the temperature information, heating rods placement and settings
can be adjusted.
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Nozzle Temperature Causes Pre-Curing

e Insulation between hot mold and nozzle tip is not working effectively

 When temperature is too high, it initiates curing reaction inside the cold runner nozzle
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Max Shear Rate

e Generally, the shear rate remains quite low (below 50 s-1) during filling. The highest shear rate is
observed at the gate region with magnitude reaching 3.8e5 S .
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Evaluation Cycle Time and Curing Reaction

* In the lens region, curing has not started yet while most region at the edge has been cured.
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MOIde)(BD Part curing time: about 30 seconds




Evaluation Cycle Time and Curing Reaction

e Curing conversion prediction helps to accurately predict curing time and shorten cycle time.

30S 60S 80S
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Material Selection Guidance (MHC)

Material Selection Guidance

=i {13 Medical/Healthcare Medical Devices Medical Packa Acplicition Catégony A

Search for Application

Application Category N medical Q

o Medical Devices
Search for Application Q

Medical Packaging

Medical/Healthcare
Additive Manufacturing (3D Printing)

Aerospace

Agricultural

Aircraft
Aircraft Interiors Recommendations Analysis by Polymer Type [7 Resuits]
Appliance Components
Appliances

Automotive
Automotive Bumper

Automotive Electronics
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Summary

Software

* Product Design
» Mold Development

* Production Issues

Development
Weakness

» Molding Defects
» Warpage

« Structure Analysis

Moldex3D

Advantages

» Automatic Meshing

» Multi-component
Injection Molding

+ Advanced Hot
Runner

» Multi-cavity

Moldex3D
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