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Outline of Cooling

> What are the common problems caused by cooling?

> What is the purpose of minimizing process cycle tim e?

> What is the critical considerations when designing the
cooling system?

> What is the Advantages of Moldex3D Cool?
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What Are the Common Problems Caused by Cooling?

> Common problems in polymer molding
— Sink mark
— Warpage
— Long cycle time

> Warpage caused by non-uniform volume
shrinkage due to:

— Packing pressure difference
— Mold temperature difference
— Fiber orientation

> Proper cooling design can help minimize
mold temperature difference and warpage

Sink mark

Warpage

Iéﬁ"é"é@é"
\ 4

/S

Moldex3D




Cooling Time in Injection Molding Cycle

Cooling stage : Mold open/Ejection
60-70% of cycle time Mold close
I Screw moves forward

N\

Filling stage

=

Packing stage

Nozzle shut off
Screw moves backward

Injection
Time

Packing
Time

Cooling
Time

Mold Open
Time

Contact Time
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Factors that Affect Cooling Time

® Thickness and molding design

Product
Design

» _ ® Thermal properties of material
* Special process applications ‘ > e Strength material

Material
Property

* Temperature control

® \Waterway cascading manner ® Cooling channels design

Molding

° S
Parameters Runner systems optimization

* Mold temperature
® Ejection, mold opening and ® Hot runner applications

closing ® Cooling components
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What is the Advantages of Moldex3D Cool

> Moldex3D Cool can help to:

— Validate your cooling design
* Which design best fit your need?
— Predict required cooling time
 How much cooling time was saved?

— Simulate the mold/part temperature distribution at any
instance in 3D

* Help to find out the hot spots
— Evaluate the cooling effect on product defects
e Such as warpage, sink mark improvement

Moldex3D




Validate and Optimize Your Cooling Design

> Part temperature uniformity improved by using confo rmal
cooling design

Moldex:D

Bubbler Conformal Cooling
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Cooling Time Reduction by Cooling System Design
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3D Temperature Result Display
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> Mold/Part temperature can be displayed in 3D at any
cross section. Users can find out heat spots and re vise

their design easily.

Cooling_Temperature

2100 [oC]
114.690

110.997
107.305
103.612
99.919
06.226
92.534
88.841
85.148
81.455
T7.763
74.070

Conventional Design: 114.7 °C

Cooling_Temperature

Time = EOC

Conformal Design: 69.2 °C
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Warpage Reduction by Conformal Design

12

Normal Design Conformal Design




Advanced Cooling Analysis
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Normal and Conformal Cooling

> Cooling channel types:

— Conventional: Cooling channel manufactured by tradi tional
method
— Conformal: Cooling channel design based on product contour

> Why we use conformal cooling?

— To increase cooling efficiency. With conformal cool ing, cooling
rate difference can be minimized through the whole p art

— To reduce cycle time and cost
— To have better product quality

Conventional Conformal

14  Source: EOS whitepaper, Siegfried Mayer (EOS GmbH) MOIdeXSD




Channel Pressure Drop Analysis

> Compare pressure drop from two different channel de signs

. Vacuum Brazing DMLS

Sprue Cooling outlet Sprue

\ Cooling outlet

T Moldex3D




Pressure Drop Effects on Different Channel Designs

16

> Design A (Vacuum Brazing) > Design B (DMLS)
Pressure drop = 15.234 MPa Pressure drop = 12.27 MPa
................ Pressure = 0 MPa w27 ESSUTE = 0 MPa
[E F a
-y e I Water Inlet
- - l
| . | CO.
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Results of Cooling Effect Analysis in 3D

> Estimate properties inside the pipe

Temperature Pressure

Y 11 M EProsee Q1 10603_Cont |_$gen Y e Run 0 1_La ACPAIN_ | muMIIPmsecti Ol | 000 T Confromad_34 a0
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Moldex3D Can Consider Surface Roughness Effects

18

> Higher pipe surface roughness
leads larger pressure drop

Benefit

— The results can help predict
potential pipe problems

Max. Pressure: 0.0529 MPa

nnnnnnnnnnnnnnnnnnnnnn

Cooliny_Coolant Pressure

Moldex 3D
48 Run Licover

r-nomual mfe/PC_NOVAREXT020402_1mtyOPMZ012_1_1.pro
~ 00529 Avg: 0.0479 WPs (Stands

Moldex:D
48 Ru
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Ra =0.02 mm Ra=0.5mm
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Moldex3D Cooling System Preprocess Function
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Cooling Channel Designer (CCD) Integration:

> Provides the function to arrange cooling channel la yout with the
part surface

> Options to define channel working axis, distance to part surface,
coolant entrance location....etc.

Benefit
— An efficiency approach to design cooling channel la yout

(0] Generate guideline(Slice) ﬂ

Design name Mold design

Generation direction Cavity and Core
= Cooling channels settings

Normal distance 3

Channels diameter 4

Entrance position 130

|- Parameters
Axis Axis X
Step distance 20
Start position 0

= Guideline Type
Converts curve
Curve type Spline

Tolerance 0.005
Insert radius seless
radius

= Accuracy paremeter
Resolution 0.05

Note: Detail information please refer to CCD (Cooling Channel Designer) Module

developed by Moldex3D & OPM Moldex3D




Moldex3D Cool Functions

Supports 3D cooling channel simulation by eDesign m esh
Provides Reynolds number prediction (for Solid only )

Benefit

— Used to help predict similar flow patterns in diffe rent
fluid flow situations

Reynolds Number

4
-=:> -=>
---L.:> -=>
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Moldex3D Cool Functions

Multiple Coolant Inlet/Outlet Design Simulation

> Supports the cooling channel analysis of complex co oling design,
including multi-inlet and multi-outlet design

Benefit

— For any complex cooling system design can be analyze d and
visualize coolant streamline and flow filed in cooli ng channels

Cooling_Flow Length i Cooling_Stream Line Total Velocity
Time = EOC Time = EOC
[mm] ‘ [cmisec]

— g 773.355 o g 706.077

721.798 659.005
670241 £ P 611.933

618.684 \‘ fa 564.861
&

o et ! 517.789

470.718
423.646
376.574

515.570
464.013

412,456
329.502

g N
2682431 \
309.342 o
235.359 N,

257.785
188.287 2
206.228 3
141.215 D B
154.671 94.144 e '
103.114 47.072
51.557 — = 0,000 Moldex
B o Moldex 234 Run 1:Sample.mfe/ABS_POLYFLAMRABS90950UVS_1.mivDefanlt_Runl.pro

1 Rng: 0~706 Avg 169 crvsec Ep=98882 Ec=155996 Em=729,599 <MixedBLM>

230 Run 4:mesh_Runnerd mfe/ABS_POLYLACPATO7 _1.tyMDXProject20131224_3 pro Y/-t\ X New run for virtual molding tria) 00 400 mm
8 Ring:0~773 Avg: 385 mm ,Ep=40,310 Ec=228,084 Em={,35¢,810 <Mixed> 2.04 m
r X :m] Casa 3 S é0civiae " i R13.0Release Candidate (130.1) 10:38:34-03-05-2014
R mm

200
R13.0Beta (120.1) 17:36:34-12.26-2013 30.0
21 Moldex3D




Moldex3D Cool Functions

3D Cooling Channel Simulation @

Benefit

eDesign

— More easy-to-run 3D coolant flow analysis for desig ner level
simulation
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Model_Shaded Model

EC1 [Water, 50 (oC), 120 (co/sec)]

Moldex
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Cnuling_Temp\J_
|

Time = EOC
x100 [oC]

—pn BOATH
78.525
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Cooling_Temperature
Time = EOC

%100 [oC]
—m 28.318
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Case study

- Carriage Model
- Cup Model

.
Moldex3D




1. Carriage Model

24

> As shown in the figure below, the hallow interior of this
part is the crucial area

> With traditional cooling channel design, this is mostly the

area with heat accumulation. This will cause inward warp
during injection molding process

Moldex3D




Cooling Channel Design

25

> The conventional design has no cooling channel inside
the hallow interior

> With conformal cooling design, warp can be reduced

Conventional Conformal

Moldex3D




Cooling Analysis - Cooling Temperature
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Conventional Cooling

e Cooling Temperature
i 60.65 ~ 114.65°C

60.650
Time = EOC Id
I Y1 s epias_reguer coveng_{ miSABS_ POLYMANHATS. f mivGiplast Reguisr cooling 2_1,000
L O g 607~ 113 Awy 77 OC (SIS SoAen E0-B60,091 E6=16,600 E=1,39062) MiasBL>

200 Newrum for citeal solchng st

RI0GHH00.4) 1721 1812 133010 T80

Cooling Temperatore [aC] : +F +RE
0% 10% 20% 30% 40% 50% 60% 0% Q0% Q0% 100%

A4 | e
111.047
| 1.156%
107 447
[ 1.540%
103547
0 2715%
100,248
O 3.054%
96 646
O 3.794%
03048
O 4.337%
a9 448
gsgeg O H21%
e 4788
S s 7
pag L 4909%
g D 7304%
gy 15.013%
64,950 ) 24.078%
gy I 16511%

Range=0065-114 647,48y =76 0755,5D=1 303+001

Conformal Cooling

Cooling Temperature
60.39 ~ 69.13°C

Moldex3D

Re00100.4) 1793

B0 Fun 1 Galasl_ contumal cooling2 mAYABS_ FOLYMANHHS. 1 mirGiplast Contimal cooling_f 260
TF RNDI004~08.1 AV 0320 (SInGHT Soived,EP=060091 F=00,197 Em=1,700,103 McsBLIS:
D20 Newiun for viteal moldbng i

serznn 5%

Cooling Temperatore [0C] : +F +R

69126
63543
67961
67.37a
66,796
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A5.631
f5.043
64,465
63.883
63.200
62.718
02135
61.553
60970
fi0.383

0% 10% 20% 20% 40% 50% o0% 70% o80% S0% 100%

|0321%

|0.591%

| 0946%

[ 1.360%

0 1933%

O 3466%

O 4.305%

1 5798%

[ 2.578%
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] 12784%
] 9.998%
1 14.959%
— LR
B 2716%

Range=A0.2875-60.126,4v 2=031522,8D=2 1014000
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Cooling Analysis - Cooling Time

Conventional Cooling

46521

e 1 = )
B -

00

mmortoc M oldexc
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Conformal Cooling

Moldex
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Cooling Analysis - Cooling Efficiency

Cooling_Cooling Efficiency

%100 %]
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Conformal Cooling

Cooling_Cooling Eficiency
%100 ]
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Cooling Analysis - Mold Temp Difference

Conventional Cooling

Cooling_Mold Temperature Difference

%100 [oc]

49,125

145,850

42575

30.300

36.025

32750

3275

0001

™ Moldex3D

o1 Run{Gpiast_r
L _? Rng:0.0005¢5

R10.0(100
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37
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0% 10% 20% 30% 40% 50% o0% 70% B0% 90% 100%

O 3.200%

0 2804%

O 36249
] 9403%
] 5057%
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Conformal Cooling

Cooling_Mold Temperature Difference
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Time = EOC
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0.000
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] 16.510%
] 12.965%

Range=0.000442239-6 46653, 4 g=1 4916,5D=1 0144000
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Cooling Analysis - Mould Temperature

30

> The two figures below show the mould temperature

distribution of conventional and conformal cooling design
> We can see the maximum temperature drops from 114.7 °C
to 69.2°C

Cooling_Temperature

2100 [oC]
114.690

110.997
107.305
103.612
99.919
06.226
92.534
88.841
85.148
81.455
T7.763
74.070

Conventional Cooling

Cooling_Temperature

Time = EOC

Conformal Cooling

Moldex3D




Result Summary

31

> For this case, the z-direction warp is the most con cerned
point

> Compare the conventional cooling system design with
conformal cooling design, z-direction warp reduced by 87%

page_X Displac
%10-1 [mm]
2439

it

| -0.25~0.24mm  -0.26 ~ 0.25 mm -3
| e Y -0.11 ~ 0.13 mm -0.1 ~0.12mm 11
e o —
i:::;ii ) V4 -0.68~0.66 mm  -0.08 ~ 0.09 mm 87
=/
Total 0~ 0.69 mm 0~0.27mm 61

Displacement comparison

Moldex3D




Result Summary (Cont.)

32

> From the photo of actual product, we can also seet he
warpage improvement is significant in z direction

Conventional Cooling

Conformal Cooling

Moldex3D




Summary

> Product quality and cycle time are two important is sues in
Injection molding process. Conformal cooling is an
effective way to shorten cycle time and improve pro duct
guality at the same time

> By using Moldex3D, transient temperature can be
predicted. Moldex3D offers a useful tool to predict the
effects on conformal cooling design

x Moldex3D
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