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Purpose

« We have been experiencing the case with:
» Inaccurate results

« Unreasonable results

« We want to propose a practical workflow to
help partners overcome these issues

* Result accuracy is highly dependent on
input accuracy
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Part Geometry Picture of Real

Part
Step 1.
Material Measurement
COI IeCt Data Properties Data
The key data for simulation:
Process Condition Mold Design

Sheet

» Cooling Layout
* Runner Layout



Part Geometry

Part Geometry

« The CAD file of part must have the correct dimension.
* Check what the unit of the CAD file, mm, cm or inch

+ Confirm if the customer has modified the tool during mold trial stage.

(a) TD (b) STD

(a) TD: Target Design (with desired dimension)

(b) STD: Simulation result of the Target Design (TD)

(c) CTD: Compensate Target Design is the modified design with the reverse of STD shrinkage
(d) SCTD: Simulation result of the Compensate Target Design (SCTD)



Material Properties

« Material Family and Grade Name

» Following material information is needed for a case:

 Material of Part Material Properties

* Viscosity

« PVT

* Mechanical properties
« Material of Mold/Mold insert

« Thermal conductivity/Heat capacity
» Material of part insert

O Thermal conductivity/Heat capacity

O Mechanical properties

 Find the or are
recommended.

« Alternative material is the last option.



Process Condition Sheet

Key data for process condition:

* Machine Information
* Screw Diameter
* Injection Pressure
* Clamping Force

Filling Condition
» Screw Position
» Screw Speed vs Position

Packing Condition
« VP Position
» Packing Pressure vs Time

Cooling Condition
» Cooling Time
» Coolant Type
* Others
* Melt Temp.
+ Mold Temp (Core/Cavity).
« Unit

1. Machine Information

Maker Clamping Ton | Injection rate cclsec
force
Grade Shot q | Screw mm
weight Diameter
Injection MPa | Screw stroke mm
pressure
2. Process Condition
iy ction Sec‘ Packing ‘ Sec |Note : Unitof speed, pressure is needed
Time Time
_|Screw Position | |VP Position |
| Section | Speed |Pressure ‘ Position |Section| Pressure | Time
| | | | |
Al n | | \ Pack| | |
Com | | Com |
v | | | v | |
| v | | | | v | |
|Me|t Temp. | 3 & ‘AirTemp_ | b
Mold Temp. |[JCore "C [ICavity C Coolant b &
Temp.
Coolant Flow celsec =
Hiita Cooling Time Sec
|CoolantT\_.rpe|l7 Water ] Qil Mold Open | Sec

Process Condition Sheet



Picture of the real part
Measurement data
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Picture of Real Part

Measurement Data




Mold Design Cooling layout

The Impact of Cooling System

* FPW (Ideal cool) : Assume the
mold temperature distribution is
uniform.

Ideal Cool

+ CtFPCtW (Real cool): Mold
temperature distribution is
determined by cooling channel,
coolant type and process condition.

Mold Design

— M 73317 Moldex

Real Cool



Example: Comparison between ideal cool vs Real cool
Y-Displacement (x5)

Ideal Cool Real Cool
-0.18~0.16 mm -1.29~1.12 mm
[mm] [mm]
oy 0.159 — 1.118
0.136 0.957
0.114 0.797
0091 0.636
0.069 n 0.476
0.046 3 0.315
0.024 0.155
0.001 -0.006
0.021 0.166
0.044 0.327
0.066 0.487
-0.089 % -0.648 §,
0411 -0.808
0.134 0.969

0156 A X 20 SETX

— -0.179 — -1.290



What Should We Do if We Don’t have the Cooling Design?

> If the user doesn't have the cooling layout, create a simple cooling layout and run both FPW and CtFPCtW
in order to find out if there is heat accumulation.

+ FPW
- CtFPCtW

> If there is heat accumulation, the warpage result will be very sensitive to the cooling design, We must run
one more simulation with real cooling design before tooling.



Mold Design runner layout
The Impact of runner system

Fang prosses

= Filling Pressure
4.932 MPa

* The required injection pressure will
be underestimated without a
runner system, furthermore the
packing effect will be different to
the real situation.

rrrrrrrrrrrrrrrr
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Filling Pressure
» Shear heating effect in the runner 26.301 MPa

system won't be considered if the

simulation was done with gates
only.

Mold Design

4
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Summary

and
are the key to a successful case.
Step 1.
Collect Data
: . * If we are not able to collect all the required data, then we must be
The key data for simulation:

aware of the potential problems when we ignore the cooling, runner
or use the alternative material.
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Pre-processing



Mesh Resolution

Step 2.
Pre- processi ng Process Condition Setting

The essentials in T
pre-processing stage

Computation Parameter Setting



Meshing Resolution

Mesh Resolution

- eDesign Mesh Setting: Cavity
* Mesh level suggestion: 4 or 5
* Ensure enough mesh layers: enabled

* More accurate = more computation time

Q_"_'l Meshing level options % @ Advanced Options

27

Meshing Control options
@ Ensure enough mesh layers |y enabled

| | Raise number of elements in meshing level 5

Set Level N

Accuracy level setting
Accuracy level

Around |2.0( million

L €4

Advanced Options

Mesh level 4 and 5 are suggested



Meshing Resolution

Mesh Resolution

« BLM Mesh Setting: Cavity
* Mesh size: Depended on the part size
* Mesh type: 5 Layers BLM
+ Offset ratio: Automatic

[71] Modify Node Seeding ® B

Global Size Setting

Naoh sizes F:: Set Solid Mesh Parameters R
Estimate: ; 7
Element count: 10,49 Geometry Meshing =
Required memory: 41 \1B Geomalry Meshing
Default Apply . ; :
e me Affribute: | Part =
Mesh Type: | 5 Layers BLM =
Boundary layer offset ratio:
o Magual 13.000
less than 200mm 1/3 of Default @ Automatic _
Note: Boundary layer offset distance
= Mesh edge length®offset ratio
200~500mm 1/2 of Default e e

more than 500mm Default Default Advanced



Meshing Resolution

Mesh Resolution

Mesh Setting: Runner
* Recommended: Line defined runner
« Draw center lines for your runner and attributing size/shape
+ 2nd Choice: Geometric runner/gate
* Used when runner geometry is too complicated to draw center lines

+ Combining the line defined runner and geometry gate is suggested

Line Defined Runner Geometric runner Geometric gate + Line defined runner



Meshing Resolution

Node Seeding for Geometric Runner

* When we are using geometric runner, the dense Mesh is

required.
* Do the Node seeding without cavity
+ Mesh Size for Runner: 1/2 Default.

* Mesh Size for Gate: Total 40 nodes around the gate.

[FT1 Modify Node Seeding ® & [FT1 Modify Node Seeding & &
Global Size Satting Global Size Satting
Mesh size:| (0.768 | Mesh size] [0.384 |
Estimate: ' Estimate:
Element count: 1,943 Element count: 7,J84
Required memory|7 MB Required memorny| 31 MB
Default Apply Default Apply
v
The default value shows the average Set the mesh size as 1/2 of Default

thickness of runner is recommended

Mesh size need to be refined
at gate region

Mesh Resolution



Meshing Resolution

Node Seeding for Geometric Gate
* The mesh size of the gate region need to be refined

* Minimum of 40 mesh nodes around the gate is

recommended.

+ Aleast 7 segments in thickness direction for fan/edge

Specify by:
gate. i@ MNumber of segments: IT
() Mesh size: [11310

17 40 mesh nodes

I

40 mesh nodes

7 segments in thickness direction

Mesh Resolution



Meshing Resolution

Need to adjust node seeding at the adjacent side




Meshing Resolution

Mesh Resolution

Example: Importance of Mesh Resolution

Coarse Mesh




Meshing Resolution

Mesh Resolution

Mesh Setting: Mold Base
» Standard Cool
» 3D mesh elements (mold base and cooling lines)

> Fulfilled tetra mesh in between

» Recommended for detailed thermal analysis

+ AutoGrid
» 1D and 2D elements for mold base and cooling lines
» Designed for eDesign mesh
» Accuracy level
® Default

@ Dense




Meshing Resolution

Mesh Setting: Mold Base

* AutoGrid
» Accuracy Level: Dense is recommended
» Higher memory requirement

» More accurate than default

Standard
46~84°C

[B) computation Parameter ? X

@ Fowrreck (B Cool | [ Warp | 1B Svress | [ vE/Opics |

I~ Cooling channe! analysis by

|Run casling charmnel network analysis |
| [+ Opening : 3 “
[+ Fillng : 10
| 1*| Packing : 3

= Salver parameters :
|| Max. cycle number : 10
| |- Type: Maximum variation of mold temperature:
- Temperature dfference (oC): 1.000
[0 Muiti+ime steps output for all cycles
=/ Mold Preheat

-~ Multiple tims steps outpu setting
+ Mald preheating : 3
| Meldbase mesh resolution Data Editor <
L

B Accuracy level : Standand it

= Accuracy level 1 [Standard v,

Explanation:
Dense option could get more mesh resolution , but
requires more memory.

oK Cancel |

Template setting... oK Cancel

Dense
48~130°C

Mesh Resolution



Mesh Resolution

Step 2.
Pre- processi ng Process Condition Setting

The essentials in T
pre-processing stage

Computation Parameter Setting



Process Condition Setting
Proper Input Conditions

Proper input conditions lead to better results!
Process Condition Setting

 Filling Condition
> Filling Time
» Flow Profile
« Packing Condition
» Packing Time
» Packing Pressure
« Cooling Condition
> Coolant type/Coolant temperature

» Cooling Time



Process Condition Setting
How to Input the Process Condition

1. Machine Information

the only information necessary for

machine mode is in the Summary tab.
Summary | Injection Unitl Clamp Unitl General' Screw Info!

- :' """"" — Ttem Content Unit
Maker Clamping H 120 Ton .-J:qec-ﬂen-tafe ccl/sec Maker o . )
force || _________ ! [ P o Process Condition Setting
Grade Shot g Screw : I 35mm L Last modified date (yhmmddd) f—
weight | ___________ Diameter : 1 T .: | Comment
Injection | 150 MPa ._Sm;mstmie_ _______ . mm booe ;I Sorew Diameter B E
pressure | i ! H Serew Stroke 120 T
1 H i
2. Process Condition ! H )-isl?-t-ﬂ-e}?t iig iiP ]
S5 R mjechion Pressore a H
Injecti Packi H -
nje.c on c ‘ a.c = ‘ 5 Sec |Note : Unitof speed, pliessure is needed Injection Rate al cm’ e |
_'_Tlme Time Docoooooooo oo e O CC O > Clamping Force 120 if E
: Ecrew Position T 100 mm \VP Position ‘ 20mm
1 | Section = Speed IPressure \ Position iSection \ Pressure  Time
1
1 | | ‘ 20mm/s | ‘ 90mm Co 130 MPa 2sec Flow rate profile - (76.02, 61.25) x
IFin 50mm/ 80 T T y o
IFi [ n1 somms| | 80mm Pack.). e = 1 Q0MRE | 2sec o OF
| | 1 ‘ 30mm/s | ‘ 15mm ‘ | ‘ 85 MPa ‘ 1 3 sec [ Consider barrel compression for solver calculation
i . ‘ | 1 Profile type
| | v ‘ | ‘ ‘ v ‘ ‘ ! 6254 @® Stepwise
T I . 5613
: | \i | ‘ ‘ v ‘ ‘ I § i @] Poly.hne
(Melt Temp. 250 °C |Air Temp. ‘ 1 25.-C T sss Sipke e
1 E. 0.735169 | sec
Mold Temp. []Core 'C [JCavity 50°C |Coolant 1 50 C z z::‘; Wiechng W
Temp. : i Si6E 962112 | cm3
Coolant Flow 80 cc/sec . . 1 £ s
Cooling Time I 13.7 Sec g
Rate i £ 1247
; I = b
Coolant Type E Water 1 Oil |Mo|d Open H 5 Sec o
' ' i 100.00 9000 8000 7000 60.00 5000 40.00 30.00 2000 1000 0.00 | [pom Adviear
1 Ram Position [mm] A
1
1 Section Section-1 Section-2 Rection-3 Bection-4 ‘ ‘
[ ——
D> | [ Ram Fosition () 100 %0 . E] 15 i EII
Tnjection Feloeity (mmbec) a0 20 50 30 30 Cancel




Process Condition Setting
How to Input the Process Condition

1. Machine Information

Maker Clamping 120 Ton | Injection rate ccl/sec
force
Grade Shot g | Screw 35 mm
weight Diameter
Injection MPa | Screw stroke mm
pressure
2. Process Condition I_
Injection Packing ! ]
; ec . 5 Sec Nnte;ikﬂt.oispe.ed,p:&ssu:ei&n&e.ded._l
Time Time 1
. 4 ™
|Screw Position I 100 mm 1 ‘VP Position T

20mm Fm————mmmmm— i

Project Settings  Filling/Packing Setlings

Cooling Settings

Filling setting
Stroke time : 140074

Summary

sec

| Flow rate profile (3)...

Injection pressure pu;ﬁle 7(17

1VP switch-over 1
Brmmpostion A N
Packing setting 1.
g - -;—9% Packing time - ‘5 |=55c
- Packing pressure refers to end %fﬁllmg pressure v

Packing pressure profile (3),,:
. e

Helt Temperature 250

Mold Temperaturs 50

Advanced Setting. ..

Coolant Type E Water

|Seclion ‘ Speed IPressure!Position _Section _ Pressure | Time _ |
[ | 20mmis | Ceomm| i 1 | 130MPa 2sec |}
I
Fil | 1 50mmis | | 80mm Bl | 100MPa 2sec !
[ m 30mms|  Asmm| oy 85MPa 3 sec |
‘ ‘ ‘ I
v | \ iV 1 i
[ v | | | v | |
‘MeItTemp. ‘ 250 C !AirTemp. ‘ ! 2540
Mold Temp. [ |Core ‘C [Cavity 50°C |Coolant : 50 C
Temp. :
Coolant Flow 80 cc/sec i . :
Cooling Time 1 13.7 Sec
Rate [
] Oil |Mo|d Open H 5 Sec
i
1
1
I
1
I
1

Packing pressure profile - (0.36, 143.33)

Type: | Packing Pressure (MPa)vs. Time (sec)

Packing pressure reference to maximum machine pressure.

~| Section No.: =

Profile type
ooy ® Stepwise
- 400, O Palyline
T 12000
Z 1500
e
5 o000
H
§ 7500
2 60.00
g
£ 4500
H
£ 3000
15.00
0.00
000 050 100 150 200 250 300 350 400 450 500 | profie Advieor
Time [sec) Capture
Section Section-1 Section-2 Section-3 ‘
L B ’ i
Packing Pressire (MPa) 130 130 100 85 o

Process Condition Setting



Process Condition Setting

How to Input the Process Condition

1. Machine Information

Maker Clamping 120 Ton | Injection rate ccl/sec
force
Grade Shot g | Screw 35 mm
weight Diameter
Injection MPa | Screw stroke mm
pressure
2. Process Condition
niecton | gq | P = S Note T Unitofspeed, pressure s needed
Time Timk
|Screw Position | : 100 mm ‘VP Position ‘ 20mm
| Section ‘ Speed IPreisure ‘ Position iSection ‘ Pressure ‘ Time
| 1 [20mms| 1 90mm 1| 130MPa 2 sec
Fil| 0 somms| | 80mm Pack\ Il | 100MPa 2sec
Com somms| 1 15mm L m 85MPa 3 sec
v o | v | 1
T O W T — —
‘MeItTemp. : 250 °C JAir Temp. I 254
1 [l
Mold Temp. : [JCore C [JCavity 50°C 1Coolant
{ Temp.
Coolant Flow ~~=========== g0 cTsee] . o TTTEEETm T T
Cooling Time 1 13.7 Sec
Rate 1
¢ H -
‘Coolani Type E Wéter 1 Oil |Mo|d Open | 5 Sec !

Project Settings  Filling/Packing Settings |Cno\mg Settings | Summary

Filling setting
Stroke time : 140074 sec
__Fiow rate profile (3).

| Injection pressure profile (1).
VP switch-over

By ram position
Packing setting

Packing time . sec

v as |15 mm

Packing pressure refers to end of filling pressure

B ]

Packing pressure profile (3)...
Melt Temperature 250 ol
Mol Temperafure 50 ol

Advanced Setting...

Project Seltingsl Filling/Packing Settings Cooling Settings ISummaryI

Cooling Channel/Heating Rod... ]

Mold Inzert Initial Temperature

Eject Criteria

Iem Value [onit |
Conling methnd Genersl ~-
Initial Mold Temperature ] aC
il i Temperatore 25 o |
Eject Temperature 1000 ol
Cooling Time 137 s '
!
Mold-Open Time 5 = 1
Mol preheat A Setting
1
1
1
1
1
1

Mold Metal Material ..
Part Insert Initial Temperature

Estimate Cooling Time...

Process Condition Setting



Process Condition Setting
How to Input the Process Condition

1. Machine Information

Maker Clamping 120 Ton  Injection rate cclsec
force
Grade Shot Screw 35 mm
weight Diameter
Injection MPa  Screw stroke mm
pressure

Inje.cllon Secl Pa.cking ‘ 5 Sec |Note : Unitof speed, pressure is needed
Time Time
_|Screw Position I 100 mm ‘VP Position ‘ 20mm
| Section ‘ Speec! IPressure ‘ Position iSection ‘ Pressure ‘ Time
[ 1 20mmys]| © 90mm \ | 130MPa 2sec
Fill | I ‘ 50mm=5 | ‘ 80mm Pack ‘ ‘ 100 MPa ‘ 2 sec
[ m 30mmls | | 15mm \ \ 85MPa 3 sec
-
v \ \ \ |
v g | | |
Melt Temp. \ I 250 C |AirTemp. | 25 T
Mold Temp. DCore| ‘C [JCavity 50C |Coolant ______----.}U-f.
Temp.
I Coolant Flow | 80 cc/sec . ~_Timinininininininisinin
1 ICooling Time 13.7 Sec
IRate [
!\Comam Type [l Water 0J Ol IMold Open 5 Sec

e e L,

2. Process Condition 1

Cooling Channel/Heating Rod

Cooling channel

Mold Metal Material

Estimate Cooling Time

Setting : | By flow rate ~
[ |Chamel 1D T@EC)  |Q@mdhec)  |Cookmt D gmm)  |Re ]
I |ECI(Growp4y |50 50 Water ~|a 23028
: ECZ (Group 1) |50 &0 Water  v|-
| |EC3@mwpn |50 80 Waer  x|-
! EC4 (Group3) |50 g0 Water  ¥|-
L]
I

----------------T----------------l

i
oo oo

Process Condition Setting



Process Condition Setting

Reference for Process Condition Setting

+ If we need to assume the process condition, a reasonable
process condition is very important.

Table 8.3 Recommended values for injection time for low, medium and high viscosity materials
Injection volume Injection time in seconds
(em®) Low viscosity Medium viscosity High viscosity
1-8 0204 0.25-0.5 0.3-0.6
8-15 0.4-0.5 0.5-0.6 0.6-0.75
15-30 0.5-0.6 0.6-0.75 0.75-0.9
30-50 0.6-0.8 0.75-1.0 0.9-1.2
50-80 0.8-1.2 1.0-1.5 1.2-1.8
80-120 1.2-1.8 1.5-2.2 1.8-2.7
120-180 1.8-2.6 22-32 2.7-4.0
180-250 2635 3244 4.0-54
250-350 3.54.6 4.4-6.0 5.4-72
350-550 4665 6.0-8.0 7.2-9.5
Table 8.4 Viscosity of various plastic types
Viscosity Plastic Types
Low PL soft, PA 4.6, PA 6, PA 66, PA 6.10, PA 11, POM, PET, PBT, PPS, TPE
Medium PS, SB, SAN, ABS, PPO mod., PVC soft, CA, CAB, CP, PE rigid, PP, PA
12, PA amorphous
High PVC rigid, PMMA, PC, PSU, PES, PEIL, PAL PVDE, FEP, ETFE

Reference: Arburg, 2004, Practical Guide to injection moulding

Process Condition Setting



Process Condition Setting
Reference for Process Condition Setting

Injection Specific | Viscosity | Injection Holding Mould cavity pressure Injection Specific Viscosity Injection Holding Mould cavity pressure
material [‘;:':::;g':\(t) pl‘(;s::.])ﬂ‘ Pliz’::')": Relationship with (x) highest | Expected cavity mareial weight presanre Pressure | pelationship with (x) highest | Expected cavity
5 holding pressure stage pressure (bar) (g/cm’) (bar) (bar) holding pressure stage pressure (bar)
Amorphous thermoplastics Semi-crystalline thermoplastics
L o o 61,0301 S00-700 10505 1505320 PE soft 0.91-093 |L 600-1,350 | 300-800 | 0.85-0.7 200-600
SB 1.04 M 650-1,550 | 350-800 | 0.75-0.5 200-400 . =
T e 5 g ET R g T it PE rigid 0.94-0.96 |M 600-1,350 | 300-800 | 0.75-0.5 200-600
ABS 1.03-1.07 |M 650-1,550 | 400-900 [ 0.75-0.5 300-550 23 02 M BO0-1,400  |.300-1,100 | 0.75-0.5 300630
PVC - rigid'* | 1.38-1.40 |H 1,000-1,550 | 500-900 | 0.6-0.4 250-500 PA4.6 1.18 L 650-1,550 | 550-1,050 | 0.85-0.7 450750
PVC—soft  |1.20-1.35 |M 400-1,550 | 300-600 | 0.75-0.5 150-300 PA6 1.13 L 450-1,550 | 400-750 | 0.85-0.7 350-550
CA 1.26-1.32 | M 650-1,350 | 300-650 | 0.85-0.7 250-450 PAG6.6 1.14 L 650-1,550 | 550-1,050 | 0.85-0.7 450-750
CAB 1.16-1.22 | M 650-1,350 | 300-900 | 0.75-0.5 250450 PA6.10 1.06 L 450-1,550 | 350-750 | 0.85-0.7 300-500
cp 1.19-1.23 |M 650-1,350 | 400-700 | 0.75-0.5 200-350 PAll 1.04 L 450-1,550 | 400-800 | 0.85-0.7 350-550
PMMA 1.18 H 1,000-1,400 | 500-1,150 | 0.6-0.4 350-550 PA12 1.02 M 550-1,550 | 400-1,000 | 0.75-0.5 350-550
Modified PPE | 1.06-1.10 | M 1,000-1,600 | 600-1,200 | 0.75-0.5 350-600 PA 1.12 M 900-1,300 | 450-800 | 0.75-0.5 350-450
PC 120-124 |H 1,000-1,600 | 600-1,300 | 0.6-0.4 350-650 amorphous
PAR 1.2 H 1,000-1,600 | 600-1,300 | 0.6-0.4 350-650 POM 141-1.42 |L 800-2,000 700-1,500 | 0.85-0.7 550-1,050
Psu 1.27 H 900-1,400 | 500-1,100 | 0.6-0.4 400-600 PET 1.34-1.37 |L 800-1,500 | 550-1,050 |0.85-0.7 450-750
PES 1.37 H 900-1.400 | 500-1,100 | 0.6-04 400-600 PET 1.29 L 800-1,550 | 500-1,000 | 0.8-.0.7 400-700
PEI 1.87 M 750-1,550 | 400-750 | 0.85-0.7 350-650 m— Y = 750-1.500 | 400750 | - T502600
PAL 1.38 H 750-1,550 | 500-1,050 | 0.85-0.7 450-750 = g 1000-1,500 | 560-1,000 | 0604 =T200
ETFE! 1.70 H 1,000-1,500 | 500-1,000 | 0.6-0.4 300-600
PAA 1.4-1.64 |L 1,000-1,500 | 350-800 | 0.85-0.7 300-700
PPA 1.26-1.56 |L 700-1,500 | 350-800 | 0.85-0.7 300-700
PAEK 127-1.49 M 800-1,500 | 450-800 | 0.85-0.7 400-700
LCP I 400-1,500 | 350-1,000 | 0.85-0.7 300-800

Reference: Arburg, 2004, Practical Guide to injection moulding

Process Condition Setting



Process Condition Setting
Example: How to Decide the Process Condition

MMMMM

Process Condition Setting

+ Cavity volume: 58 c.c.

* Material: ABS

* Process condition:
» Filling time: ?7?
» Packing pressure: ??
» Packing time: ??

» Cooling time: 7?

a7
350
ks

Y
b Moldex3D oomm L



Process Condition Setting
Example: How to Decide the Process Condition

Table 8.3 Recommended values for injection time for low, medium and high viscosity materials
Injection volume Injection time in seconds
(em™) Low viscosity Medium viscosity High viscosity
18 0.2-0.4 0.25-0.5 0.3-0.6
815 0.4-0.5 0.5-0.6 0.6-0.75
. 15-30 0.50.6 0.6-0.75 0.75-0.9
0 CaVIty volume: 58 c.c. 30-50 0608 0.75 1.0 09012
I N S T — s T T g o
80-120 1.2-1.8 1.5-2.2 1.8-2.7
« Material: ABS 120-180 1826 2232 27-40
180-250 2.63.5 3244 4.0-54
250-350 3.54.6 4.4-6.0 54-7.2
A Process condition: 330-550 4665 6.0-80 7.2-9.5
Table 8.4 Viscosity of various plastic types
Viscosity Plastic Types
> F| | | | ng t| me: ’l _’I 5 sec Low PE soft, PA 4.6, PA 6, PA 66, PA 6.10, T‘\ 11, POM, PET, I,)B,T,‘ PPS, TPE
° ° Medium PS, 5B, s,\],gasﬁyl’o mod., PVC solt, CA, CAB, CP, Pl nigid, PP, PA
12, PA amorphous
> Packlng pressure. High PVC rigid, PMMA, PC, PSU, PES, PEL PAL PVDF, FEP, ETFE
Injection Specific | Viscosity Injection Holding Mould cavity pressure
> Packing time: |
holding pressure stage pressure (bar)
Amorphous thermoplastics
> COO I i ng ti m e . PS 1.05 M 650-1,550 300-700 0.75-0.5 150-350
¢ SB 1.04 M 650-1,550 350-800 0.75-0.5 200400
SAN 1.08 M 650-1,550 350-900 0.75-0.5 250-450
B = =D e e T [T = = = oo =
PVC - rigid'* | 1.38-1.40 |H 1,000-1,550 | 500-900 0.6-0.4 250-500
PVC - soft? 1.20-1.35 |M 400-1,550 300-600 0.75-0.5 | 150-300
CA 1.26-1.32 |M 650-1,350 300-650 0.85-0.7 250-450
CAB 1.16-1.22 | M 650-1,350 300-900 0.75-0.5 250450
CP 1.19-1.23 |M 650-1,350 400-700 0.75-0.5 200-350
PMMA 1.18 H 1,000-1,400 | 500-1,150 | 0.6-0.4 350-550
Modified PPE | 1.06-1.10 | M 1,000-1,600 | 600-1,200 | 0.75-0.5 | 350-600
PC 1.20-1.24 |H 1,000-1,600 |600-1,300 |0.6-0.4 350-650

Process Condition Setting



Process Condition Setting
Example: How to Decide the Process Condition

» Cavity volume: 58 c.c.
* Material: ABS

* Process condition:
> Filling time: 1-1.5 sec
» Packing pressure:
O 40-90 MPa

O 80% of injection
pressure at EOF

» Packing time:

» Cooling time:

Holding

Injection Specific | Viscosity Injection Mould cavity pressure
material weight prosauee PrEssUre | pelationship with (x) highest | Expected cavity
(g/em’) (bar) (bar) holding pressure stage pressure (bar)
Amorphous thermoplastics
PS 1.05 M 650-1,550 300-700 0.75-0.5 | 150-350
SB 1.04 M 650-1,550 350-800 0.75-0.5 200400
SAND — — JL08 M 6S0-L530 330900 QTS L - = L0450 - -
ABS 1.03-1.07 | M 650-1,550 400-900 0.75-0.5 300-550 I
I-I’VC_— rgid-| T38-Ta0 TH — ~|T7,00001350 [300-900° "|060F — — ~ ~~ 7~ 7 50500 — —
PVC - soft’ 1.20-1.35 | M 400-1,550 300-600 0.75-0.5 | 150-300
CA 1.26-1.32 | M 650-1,350 300-650 0.85-0.7 250-450
CAB 1.16-1.22 | M 650-1,350 300-900 0.75-0.5 | 250450
CP 1.19-1.23 | M 650-1,350 400-700 0.75-0.5 | 200-350
PMMA 1.18 H 1,000-1,400 | 500-1,150 | 0.6-0.4 350-550
Modified PPE | 1.06-1.10 | M 1,000-1,600 | 600-1,200 |0.75-0.5 | 350-600
PC 1.20-1.24 |H 1,000-1,600 | 600-1,300 | 0.6-0.4 350-650

Process Condition Setting



Process ConditionSetting
Example: How to Decide the Process Condition

- Cavity volume: 58 c.c.
- Material: ABS
* Process condition:
> Filling time: 1-1.5 sec
» Packing pressure:

O 40-90 MPa

<Prediction of Gate-Freeze Tines

! Freeze Time of Gate #1

______________

Max Gate Temperature
Total Gate Flow Rate

136,217 Degree C
0.000721582 colzec

O 80% of injection pressure at EOF

» Packing time:

O Default for first run

O Depends on gate freeze time

» Cooling time:

Process Condition Setting



Computation Parameter Setting
Computation Parameters: Predict Gate Freeze

‘Q] Computation Parameter ? X

I3 Flow/Pack IE Coo\] (W] Warpi 8 St!ess] ] vE/Optics

Solver- |Enhanced-P ~]

« “Predict Gate Freeze Time”, Criterion:

» Freeze Temp (°C)

(® Standard analysis
(" Fast analysis

> Flow Rate (cc/sec) Y Gl
» Part Weight Deviation (default setting) E i
- Estimate the effective packing time S ——
* Find the gate freeze time in log file. : ;LGRHQZ - ' - ~

[ ] Estimate required cooling time

e Predict gate freeze time criterion:

Freeze temperature(oC)
<Prediction of Gate-Freeze Times Flow rate(coisec) < 1
Freeze Tine of Gate #1 4.008 zec i
Max Gate Temperature 131,395 Degree C Partweight doviation(¥isecy < 0.1

Total Gate Flow Rate 0.000303237 cclaec ] Run fiber orientation analysis
- Particle Tracer
Freeze Time of Gate #2 4.008 zec O P . o

124,51 Degree C
7.4362e-005 coigec

4,221 zec Advanced... Default

136.217 Degree C

0.000721582 cclmec Template setting.. OK I Cancel |

Max Gate Temperature
Total Gate Flow Rate

< >

Freeze Time of Gate #3
Hax Gate Temperature
Total Gate Flow Rate




Process Condition Setting
Example: How to Decide the Process Condition

» Cavity volume: 58 c.c.
* Material: ABS

* Process condition:
» Filling time: 1-1.5 sec
» Packing pressure:
O 40-90 MPa

O 80% of injection pressure at
EOF

» Packing time:

O Default for first run

O Depends on gate freeze time
» Cooling time:

O Default for first run

O 80-90% of cavity reached the
ejected temperature

Cooling_Time to Reach Ejection Temperature [sec]
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

| 0.81%
[l 1.48%
1.78%
2.13%

8.11% 27-36s is
I 10.78% enough
I, - 7

Min=0.000; Max=91.586; Avg=14.456; SD =20.318

Process Condition Setting



Mesh Resolution

Step 2.
Pre- processi ng Process Condition Setting

The essentials in T
pre-processing stage

Computation Parameter Setting



Computation Parameter S
Computation Parameters: Flow/Pack

etting

Standard solver: ac
+ Fast and simpler simulation

+ one-layer or bi-layer solid meshes

Enhanced-P solver (default):

omputation Parameter

@ FowPack | cool | ) Ware | B stress | [ vE/Optics |

Solver : | Enhanced-P

=

G @ Standard
(™ Fast 4 Viscoelastic F

" Customize

* More accurate and precise for complicated geometric
models

+ at least 3-layers of solid meshes

P
|
I Comprassible o

Gravitational force ; cm/sec”2
Example : { 0, 0. -5380 } for z-gravity

x [0 ¥ |0 z|o

P Marvisotherms!

¥ Naorerewtanian flow

+ Flow with hesitation phenomena and larger length-to-
thickness (L/T) ratio cases

Viscoelastic F solver:

+ Consider viscoelastic fluids and support a variety of

= Muttiple time steps output setting :
Setting Method: Filing Time {sec)
+! Filing : 10
+| Packing : 3
[ Estimate required cooling time
+ [ Predict gate freeze time criterion:
¥ Run fiber orientation analysis
=| Particle Tracer
- Particle tracking from

constitutive equations

+ The viscous fluid will upgrade to the viscoelastic fluid for

M1 Weld line narticle

Advanced... |

Default |

simulating die well, jetting, buckling, bending
Template setting.... I

Cancel |

Computation Parameter
Setting



Computation Parameter Setting
Computation Parameters: Warp

Enhanced Warp

Coupling 3 real physics phenomena

into “Enhanced Warp”
P ﬂl‘ Viscoelastic Effect

In-Mold
« In-Mold constraint in the cooling Ll
phase, free deformation after
ejection

Temperature
Transient Effect

* Viscoelastic effect during
solidification process

« Temperature transient effect

Enhanced Warp

Computation Parameter
Setting



Computation Parameter Setting
Computation Parameters: Enhanced Warp

Enable the options
« Warp solver: Enhanced warp

+ Use solid state properties for
shrinkage

+ Extend Pack to the end of cooling
 Consider crystallization effect
* Run Fiber orientation analysis

+ Calibrate experimental composite
mechanical properties

Q Computation Parameter

@ Fowpack | @ cool| [ War | B Sress | B vE/Optics

Solver IEnhanced-F
¢ Standard analysis
" Fast analysis
" Customize

F

(mi o
Gravitational force : cm/sec™2
Example : { 0, 0, -980 }for z-gravity

% Jo y:[o z[o

+ Predict gate freeze time criterion:
Run fiber orientation analysis
=| Particle Tracer
D Particle tracking from
D Weld line particle
= Extend Packing Calculation to cooling phase
Extend Packing Calculation to end of cocling
Consider crystallization effect
Use solid state properties for shinkage

Advanced...

v

Default

Computation Parameter

Setting

[g] Computation Parameter T X
@ FowPack | B coot [ Warp | B stress | (B vE/Optcs |
Selver - [ -

- Fiber-Reinforced Material Option
¥ Calibrate experimental composite mechanical properties
¥ Consider fiber orisntation effect

Micro-mechanics model :

|Muri-Tanaka mods _'_!

Options |
=| Sclver parameters :
Max. no. iteration : 50000

Convergence tolerance :  5e-05
Remove runner in calculation
Remave overflow in calculation

- ] Run buckling analysis

Mumber of buckling mode : &

Max. no. iteration . 500

Convergence tolerance ;. 5e-05

Default

Template setting I

) I Template setting... !




Computation Parameter Setting
Computation Parameters: Enhanced Warp

Enable the options
« Warp solver: Enhanced warp

» Use solid state properties for
shrinkage

+ Extend Pack to the end of cooling
 Consider crystallization effect
* Run Fiber orientation analysis

+ Calibrate experimental composite
mechanical properties

EQ Computation Parameter

@ Fowpack | @ cool| [ War | B Sress | B vE/Optics

Solver |Enhanced-F
¢ Standard analysis
" Fast analysis
" Customize

Gravitational force : cm/sec™2
Example : { 0, 0, -980 }for z-gravity

% Jo y:[o z[o

+ Predict gate freeze time criterion:
Run fiber orientation analysis
=| Particle Tracer
D Particle tracking from
D Weld line particle
= Extend Packing Calculation to cooling phase
Extend Packing Calculation to end of cocling
Consider crystallization effect
Use solid state properties for shinkage

Advanced...

v

Default

Computation Parameter

Setting

[g] Computation Parameter T X
@ FowPack | B coot [ Warp | B stress | (B vE/Optcs |
Selver - [ -

- Fiber-Reinforced Material Option
¥ Calibrate experimental composite mechanical properties
¥ Consider fiber orisntation effect

Micro-mechanics model :

|Muri-Tanaka mods L!

Options |
=| Sclver parameters :
Max. no. iteration : 50000

Convergence tolerance :  5e-05
Remove runner in calculation
Remave overflow in calculation

- ] Run buckling analysis
Mumber of buckling mode : &
|~ Max. no. iteration . 500
Convergence tolerance ;. 5e-05

Default

Template setting I

) I Template setting... !




Computation Parameter

Why Extend Pack Setting

= Extend Packing Calculation to cooling phase
Extend Packing Calculation to end of cooling

C Eject .

&

Y
Most of part freezes in this stage

with “Extend Pack” option, the warp solver will automatically find out when the part is frozen and
appropriate for the warpage calculation until EOC.



Computation Parameter Setting
Computation Parameters: Enhanced Warp

Enable the options
« Warp solver: Enhanced warp

+ Use solid state properties for
shrinkage

+ Extend Pack to the end of cooling
+ Consider crystallization effect
* Run Fiber orientation analysis

+ Calibrate experimental composite
mechanical properties

EQ Computation Parameter

@ Fowpack | @ cool| [ War | B Sress | B vE/Optics

Solver |Enhanced-F
¢ Standard analysis
" Fast analysis
" Customize

Gravitational force : cm/sec™2
Example : { 0, 0, -980 }for z-gravity

% Jo y:[o z[o

+ Predict gate freeze time criterion:
Run fiber orientation analysis
=| Particle Tracer
D Particle tracking from
D Weld line particle
= Extend Packing Calculation to cooling phase
Extend Packing Calculation to end of cocling
Consider crystallization effect
Use solid state properties for shinkage

Advanced...

v

Default

Computation Parameter

Setting

[g] Computation Parameter T X
@ FowPack | B coot [ Warp | B stress | (B vE/Optcs |
Selver - [ -

- Fiber-Reinforced Material Option
¥ Calibrate experimental composite mechanical properties
¥ Consider fiber orisntation effect

Micro-mechanics model :

|Muri-Tanaka mods L!

Options |
=| Sclver parameters :
Max. no. iteration : 50000

Convergence tolerance :  5e-05
Remove runner in calculation
Remave overflow in calculation

- ] Run buckling analysis
Mumber of buckling mode : &
|~ Max. no. iteration . 500
Convergence tolerance ;. 5e-05

Default

Template setting I

) I Template setting... !




Moldex3D calculates crystallinity for all molding process in Enhanced warp solver Computation Parameter
Setting

Packing Cooling Mold open

Pack solver Enhanced warp solver
(liquid/solid) (VE/solid)

Better calculation for crystallinity leads to better warpage prediction



Computation Parameter Setting
Computation Parameters: Enhanced Warp

Enable the options
« Warp solver: Enhanced warp

+ Use solid state properties for
shrinkage

+ Extend Pack to the end of cooling
 Consider crystallization effect
* Run Fiber orientation analysis

+ Calibrate experimental composite
mechanical properties

EQ Computation Parameter

@ Fowpack | @ cool| [ War | B Sress | B vE/Optics

Solver |Enhanced-F
¢ Standard analysis
" Fast analysis
" Customize

Gravitational force : cm/sec™2
Example : { 0, 0, -980 }for z-gravity

% Jo y:[o z[o

+ Predict gate freeze time criterion:
Run fiber orientation analysis
=| Particle Tracer
D Particle tracking from
D Weld line particle
= Extend Packing Calculation to cooling phase
Extend Packing Calculation to end of cocling
Consider crystallization effect
Use solid state properties for shinkage

Advanced...

v

Default

Computation Parameter

Setting

[g] Computation Parameter T X
@ FowPack | B coot [ Warp | B stress | (B vE/Optcs |
Selver - [ -

- Fiber-Reinforced Material Option
¥ Calibrate experimental composite mechanical properties
¥ Consider fiber orisntation effect

Micro-mechanics model :

|Muri-Tanaka mods L!

Options |
=| Sclver parameters :
Max. no. iteration : 50000

Convergence tolerance :  5e-05
Remove runner in calculation
Remave overflow in calculation

- ] Run buckling analysis
Mumber of buckling mode : &
|~ Max. no. iteration . 500
Convergence tolerance ;. 5e-05

Default

Template setting I

) I Template setting... !




Fiber Analysis in Flow St tion Parameter

The orientation can be used to predict

o

ssssssss

* Shrinkage and warpage behavior
* Mechanical properties
* Other anisotropic properties

5
ftggsr88eEgy s

|
7 I ||

Moldex
- 52 Run 2:Handle 019.mfe/PAS_Ultramid B3WG7_1.mtv/Defanlt_Run]
R ~Rng:0.342 ~0.99-,Ep=110,242 Ec=02 Em=0 (FastCoo) <Mivec/B
- srir
N oo s
[ mmma]



Computation Parameter Setting
Computation Parameters: Enhanced Warp

Enable the options
« Warp solver: Enhanced warp

+ Use solid state properties for
shrinkage

+ Extend Pack to the end of cooling
 Consider crystallization effect
* Run Fiber orientation analysis

+ Calibrate experimental composite
mechanical properties

EQ Computation Parameter

@ Fowpack | @ cool| [ War | B Sress | B vE/Optics

Solver |Enhanced-F
¢ Standard analysis
" Fast analysis
" Customize

Gravitational force : cm/sec™2
Example : { 0, 0, -980 }for z-gravity

% Jo y:[o z[o

+ Predict gate freeze time criterion:
Run fiber orientation analysis
=| Particle Tracer
D Particle tracking from
D Weld line particle
= Extend Packing Calculation to cooling phase
Extend Packing Calculation to end of cocling
Consider crystallization effect
Use solid state properties for shinkage

Advanced...

v

Default

Computation Parameter

Setting

[g] Computation Parameter T X
@ FowPack | B coot [ Warp | B stress | (B vE/Optcs |
Selver - [ -

- Fiber-Reinforced Material Option
¥ Calibrate experimental composite mechanical properties
¥ Consider fiber orisntation effect

Micro-mechanics model :

|Muri-Tanaka mods L!

Options |
=| Sclver parameters :
Max. no. iteration : 50000

Convergence tolerance :  5e-05
Remove runner in calculation
Remave overflow in calculation

- ] Run buckling analysis
Mumber of buckling mode : &
|~ Max. no. iteration . 500
Convergence tolerance ;. 5e-05

Default

Template setting I

) I Template setting... !




Calibration of Experimental
Mechanical Properties

Computation Parameter
Setting

The composite mechanical properties of “polymer with fully aligned fibers” are used for the Warp related analysis.

Theoretical data
(using Mori-Tanaka model )

Polymer

+

Fibers

Polymer with fully aligned fibers

(Mori-Tanaka model)

Experimental data

Polymer without fully aligned fibers

N
AT
Ry

- In previous version, it was
regarded as “polymer with
fully aligned fibers” before.




Calibration of Experimental

Mechanical Properties

The experimental mechanical properties will be
decomposed into polymer properties along with
the known fiber properties. After the
decomposition, the theoretical properties (polymer
+ fiber) will be used for the Warp analysis.

Experimental specimen

/\\/\/ |
7 AN

by

Fiber properties

Computation Parameter
Setting

Polymer

Polymer

Fibers

Polymer with fully aligned fibers

— (Mori-Tanaka mode

— ——




Summary * Ensuring the mesh resolution and quality are the key point to a

St 2 successful simulation. Poor mesh might lead to incorrect result
e p ° or divergent issue.

Pre-Processing

The essentials in
pre-processing stage

« Process condition table is needed for a precise analysis and
must be input correctly into process condition setting.

- Enhanced warp is recommended for warpage solver.



Conclusion




Moulding
Innovation
Day

+

Collect Data Pre-Processing Run Simulation

+ Meshing

* Part Geometry + Analysis sequence

> Mesh Resolution

- Material Properties > CtFPCtW

+ Mold Design * Process Setting « Check Log File

> Filling Condition

» Runner Layout * Result Comparison

> Cooling Layout > Pack Condition

+ Process Condition > Cooling Condition

. Picture of Real Part + Computation Parameter

. Measurement Data » Gate Freeze Time

> Enhanced Warp



Thank you




Appendix




Process Conditions:
VP Follow Packing Pressure

- Better predict clamping
force / sprue pressure

% Moldex3D Process Wizard

Project Settings  Filling/Packing Settings | Cooling Settings | Summary |

Filling setting

"l:fil-ling.l" I;ach.:ing Advanced ﬁetting
Mold Boundary Condition Injection Options |

Cnteria for short shot

Maximum filling time : | 2 § | sec ( Filling time - 2 sec )

VP switch-over optien

h;‘ VP switch-over follow packing préssure profile




Fiber Orientation

Use iARD Modelling

* Long Fiber (over 100 Aspect Ratio)
> Ci: .01
> Cm: 1
> Alpha: 0.1

» Short Fiber (under 100 Aspect Ratio)
» Ci: .005
> Cm: 0

» Alpha: 0.7

Advanced Options for Filling/Packing Solver % ==

Accuracy/Performance  Filler Parameter |"u"er‘|ting | viale]

Filler type - | Short fiber -

Aspect ratio : 20 Original: 20

Weight(%) 1 | 40
Jeffery Hydrodynamics
4th orientation tensor closure :
|IBOF -

Rotary Diffusion
Modsling D =
Ci 005

Cm i}

Fiber-Matrix Interaction
RPR model alpha factor : .7

Advanced Calculation Option
[T Consider concentration calculation  Param ]
|_|Consider fiber breakage calculation

] OK [ Cancel ]




Computation Parameters:
Extend Packing

+ Set to “Extend packing calculation to end of
cooling”

« Benefit

» Make simulation closer to real injection
molding process, for better warpage prediction

Recommended: Both Checked
L Weld line particle

- Extend Packing Calculation to cooling phase
Calculation to end of cooling

D Consider crystallization effect

Template setting... | ‘ oK | | Cancel

&F FowPack | 5 Cool | &J Ware | B Stress | (&) VE/Optics | B Task Manager|

Selver:  Enhanced-P

v

(®) Standard analysis

() Ezst analysis
() Customize

:qf' Viscous heating || Mondsothermal

|| Stablized caleulation [+#] Non-Newtorian flow
Comprassible flow

Gravitational force cm/sec”2

Example : {0, 0, -920 ) for z-gravity

X |0 Y. (0 Z: |0

+ Packing: 3
D Estimate required cooling time
+ [ Predict gate freszs time crterion:
] Run fiber orientation analysis
=! Particle Tracer

t D Particle tracking from

[ vt pascs

=/ [¥] Bxtend Packing Caleulation to cooling phase

Calculation to end of cooling

O Consider crystalization effect

< >

| Advanced... ‘ Defautt




Computation Parameters:
Solver Accuracy

l Number T Accuracy IComputation Time

T Number l Accuracy lComputation Time

Defaults:
eDesign Levels
1&2:20
3&4:5
5:3
BLM:1for geometry runner, 3 for line runner

High shear imbalance cases 0.25 is
recommended

€] Computation Parameter ===
& Flow/Pack L& Cool | & Wap | By Stress | (%) VE/Optics | 2} Task Manager .
Sobver: [Ehances® 2 ||| .
© Standard ana| Advanced Options for Filling/Packing Solver [ 7|
() Fast analysis :
@ Cinstomire Accuracy/Performance ]Vanhngi Wall Slip BC'
Vmcous heatil
: Stabilized cal Flow Solver -
|_| Compressible ) Default
Gravitational fored @ Ac ;
Example : (0.0, - _ Accurate
e @ Customized
x| 9 "
FTERr—— Stable Fast
Setting Meth
+ Filing : 2 Criterion for stopping calculation
+ Packing : 3|
O E_a}nata Fenel @ Fill percentage 99.95 'S
+ [] Predict gate| ] Exclude runner volume
|:| Ram fiber osentd)
=| Particle Tracer ) Unfilled element count | 10
[ Patticle t
[] Weld ling
-1 [] Extend Pac Default |




