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Research & Development

= |n-house Research

= 25 Ph.D. employees in Moldflow development

= Lab with state-of-the-art equipment

= External Research Collaboration
= Sponsorship for five Ph.D. students and six universities

= Partnership with over 20 companies and institutions
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R&D Passion Project

= Developers work on their very own projects or ideas they are passionate about
= Generally, 10% to 20 % of their time is devoted for this Project

= Developers do not have to tell anyone about the project until they are comfortable

to talk about or have a prototype

© 2018 Autodesk {\ AUTODESK.
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Autodesk Moldflow 2019



Coolant Flow Analysis

= Optimize the flow balance in the cooling
circuit design

= Without running the full mold temperature
solution

= Check for turbulence — avoid dead zones

= Option to calculate coolant temperature
change

= |nclude gravity, pump performance, friction
losses at bends and junctions

= Familiar Moldflow environment — easy to
switch to full mold thermal analysis

= 3rd party multi-physics simulation package
IS not necessary

© 2018 Autodesk

Passion Project
Dr. Clinton Kietzmann

s | &2 lo

Coolant | Analysis Process
Flow |Sequence " Settings

TN ——

[

Multiple-Barrel Thermoplastics Injection Molding
Thermeplastics Overmelding

Thermoplastics Injection Molding

Powder Injection Molding

Gas-assisted Injection Maolding

Reactive Molding

Microchip Encapsulation

Underfill Encapsulation

Thermeplastics Injection-Compression Molding
Thermeplastics Compressien Molding

Reactive Injection-Compression Melding
Reactive Compression Molding

Thermoplastics Microcellular Injection Molding
RTM or SRIM

Thermenplastics Injection-Compression Overmolding

Thermeplastics Compression Overmolding

Coolant Flow

Coolant Flow
Press F1 for more help
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Coolant Flow Analysis (cont'd)

= New Results
= Friction Factor, depends on flow rate and temperature in straight channel

= K-Factor, add minor pressure losses at changes in diameter, bends and junctions

Circuit pressure

Friction factor Circuit flow rate
K factor
=1355 = 0.0562 = 143 5[lit/min] =318.1[kPa]
13.55 0.0562 flivmin] kPa]
l 1435 l318.1
10.16 0.0491 .
X 1105 2442
6.776 0.0421 ]
» l77_45 I170.2
«
P 0.0350 44 46 96.26
l,o.oooo I 0.0280 I11 45 Izz30
AUTODESK AUTODESK' AUTODESK AliTehEw
MOLDFLOW' INSIGHT Stale (300 mm) MOLDFLOW' INSIGHT Seale (300 mm) MOLDFLOW INSIGHT Seale (300 mm) MOLDFLOW' INSIGHT Scale (300 mm)
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Faster Conformal Coolant Flow 3D Solver

rocess Settings Wizard - Cool (FEM) Settings

= Support Linux and Parallelization

| Mettemperature E- I
Mold-open time [ Jsesm
, Lo
= \oxel based coolant flow calculation T { ?m
= Default is still FEM (CFD) solver e

Cool (FEM) Solver Parameters

= QOption to control grid resolution [

| Musmber of part heat flux tme steps [ Jmsu

Mold temperature convergence tolerance [p10000 | aooontas
Masimum number of mod temperature terations EXE
- - Number of threads for parallelization
= Automatic is recommended =

[include nunners in automatic cooling time calculations

Minor Loss Caleulate minor losses

Friction formula Swamee-Jan

[lsimuiatc gravity cffect e gt dieciion

Confomal cooling solver

Voxel solver ~|voselresoltion | Atomatic
FEM solver

Moldflow 3DChannel mesh Moldflow results .
Cross
section
Voxel mesh Voxelresults
Voxelsolver Velocity
Model courtesy of http:/mww.hofmann-innovation.com
© 2018 Autodesk
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Faster Conformal Coolant Flow 3D Solver (cont'd)

Fine Voxel Coarse Voxel AMI 2018.2 AT
(1024) (512) (FEM CFD)

1 hr 52 min 27 min 4 hr 39 min 11 min

.
Fine Voxel Coarse Voxel AMI 2018.2 oo
(1024) (512) (FEM CFD)
6 hr, 18 min 1hr, 15 min 18 hr, 15 min 1hr, 35 min

= Using automatic Voxel size determination, accuracy remains equivalent:
= Cavity Surface Temperature — Average: 32.1°C (Voxel) vs. 32.3°C (FEM)
= Mold Exterior Temperature — Average: 29.15°C (Voxel) vs. 29.18°C (FEM)

© 2018 Autodesk {\ AUTODESK.



Fiber Solver Improvement — Shell Orientation

1.00 —e— At1(Data)

= Strong alignment in shell layers are controlled by Locatjon B ——- AT1(20182_VRD)
. . . — A11(2019_MRD
fiber interactions (2019 WD)

—=— A22(Data)
——- A22(2018.2_MRD)
— A22(2019_MRD)

Delphi
disk

o
3
a

= Automatic MRD model parameters are improved

Fiber Orientation Components
o
a
o

o
i
3

1.00 ) —e— A11(Data)
Location B = A22(Data)
0.00
0.75 0.0 0.2 0.4 0.6 0.8 1.0
w w Normalized Thickness
1.00 ] —e— A11(Data)
Location B

——- A11(2018.2_MRD)
— A11(2019_MRD)

. —=— A22(Data)

——- A22(2018.2_MRD)
—— A22(2019_MRD)

Delphi
plaque

Fiber Orientation Components
o
a
o

o
N
3

0.00
0.0 0.2 0.4 0.6 0.8 1.0

Normalized Thickness

Fiber Orientation Components

0.00
0.0 0.2 0.4 0.6 0.8 1.0

N lized Thick
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Fiber Solver Improvement — Skin Orientation

= Weak alignment in skin layers is
due to fountain flow effect

= Fountain flow effect now
considered for all 3D orientation
models

1.00 —e— Al1(Data)

—=— A22(Data) 1.00 —e— At1(Data)

——- A11(2018.2_RSC)
—— A11(2019_RSC)
—=— A22(Data)

7 ——- A22(2018.2_RSC)
—— A22(2019_RSC)

Location B

o

3

o
o
3
o

Fiber Orientation Components
o
a
o

o
)
3

Fiber Orientation Components
o
[
o

Delphi
disk

o
N
@

0.00

0.0 0.2 0.4 0.6 0.8 1.0 0.00
0.0 0.2 0.4 0.6 0.8 1.0

Normalized Thickness i .
Normalized Thickness
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Intermediate Fiber Orientation Result

= Frequent request by advanced users

= Useful to better understand the evolution of

fiber orientation

=

Tasks Tools  Shared Views

Project 'Bradford'
[3] Bradford_Short_1mm
= Bradford_Long_1mm

Airtraps

Pathlines

OrRO0OO0OOO0OoOOoonO

Frozen layer fraction
Average volumetric shrinkage
Volumetric shrinkage

Polymer fill region

Weld surface movement (3D)
Weld surface formation (3D)
Weld lines

Fiber orientation tensor on elements
Average fiber orientation

Intermediate fiber orientation tensor
Cavity weight

Intermediate fiber orientation tensor
Time = 0.5574s]

0.8987

0.7855

06724

0.5593

04461

=@ %

O

L P A

[, @ 0

© 2018 Autodesk

Fiber Solver Parameters

Apply fiber inlet condition at

|Gate

Fiber inlet condition

| Fibers aligned at skin / random at core. ~ ‘

Calculate fiber breakage

|[)9“‘9"“i"Ed by length i ‘ ‘ Fiber breakage parameters...

[J0utputintermediate fiber orientation results

[ JSimuiate inertia effect
[ simulate gravity effect

[ simulate wall slip

Thermoplastics injection molding solver parameters (3D)

Fill+ Pack Analysis Cool Analysis Cool(FEM) Analysis Fiber Analysis Warp Analysis Mesh Core Shift Venting Analysis Interface  Solver AP

Number of threads for parallelization

‘ Composite property calculation options. ‘

Edit gravity direction... ]

| Editwall slip parameters. |

| Automatic

Gate contact diameter

|Automatic

Solver parameters

Intermediate results

Filling parameters.
Packing parameters.

Write at constant intervals.

v Editintervals |

Thermoplastics injection molding solver parameters (Dual Domain)

Filling phase
Regular result

Ouiput Cq

Dynamically update results display during analysis

F jon Fiber Analysis  Cool(FEM) Analysis Restart Warp Analysis Core Shift Miscellar

Yes ~|

| Wiite at constantintervals

| Number of regular results

| Wiite at constantintervals

| Number of profiled results

l Profiled result
None

Write at specified imes

| Wiite at constantintervals

= = =
< I <

| Number of regular results

Profiled result

None

-
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Sink Marks — Consistency Improvement

= Changed 3D and DD solvers to use the same formula as in Midplane solver for sink depth
calculation

= |mproved consistency in sink depth values between Midplane and 3D and between AMA
and AMI

= Added sink mark analysis for 2-shot overmolding

“dini marks, depth “4init marks estimate “Bink marks estimate

= 0.2148m] Midplane Scale Factor = 1,000 AMI 2018.2 Scale Factor = 1.000 AMI 2019
—
[mm] / [mm] [mm] N
0.2148 // — D.1160 - 0.1738 v
/% /
]
02137 1| oomg 00sg3[m) 0 1304
E-/ // | 0.0485[mm| | [ 0.1683[mm] |
T / B 0043 | 4 EXEEE
[lo21e / [ 00580 - | ooses
!
~ /
—/
0.2100
Io.zoaa I 0.0000 I 0.0000
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Sink Marks — Robustness Improvement

= Fixed the issue of missing sink marks in 3D in prior releases

=0 0995[mm]

[mm]

0.0995
|
0 0755//

© 2018 Autodesk

@l?rk marks, depth

Midplane

@\%& marks estimate
Scale Factor = 1.000

AMI 2018.2

0.0000[mm]

§

@i?‘r’k marks estimate
Scale Factor = 1.000

AMI 2019
[mm] ”
0.0719
0.0417[mm]
|

0 0839 [oce20imm
/
|| 0.0359 %

0.0180

I 0.0000

-20
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Sink Marks — Validation

= |n 2018 and prior releases, 3D solver predicted lower sink mark values than Midplane and
experiment, especially for low packing pressures

= After the improvements in 2019, 3D predictions matched experiment and Midplane solutions
much better

Sink Mark Depth (Base 4mm/Rib 1.000mm) Sink Mark Depth (Base 4mm/Rib 2.946mm)
60 —e— Experiment (Beiter) 1 20 \ —4—Exp (Ramachandra)
—@&— AMI 2018 Midplane _ —&—AMI 2018 Midplane
ESO .\\‘ —a— AMI 2018 3D 5 100 .\T\ Thmene e
—a—AMI 2019 3D
S0 —e— AMI 2019 3D % 80
= \\\\ 8 x‘\
8 SN P TSN
x =
g 20 E 40 ——
£10 . . ? 20
[ =
0 T T T - 0 T T T
10 20 30 40 50 10 20 30 40 50
Packing Pressure (MPa) Packing Pressure (MPa)

Source: “Geometry-Based Index for Predicting Sink Mark in Plastic Parts”, K. Beiter, M. S. Thesis, Ohio State University, Columbus (1991).
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3D Core-Shift Analysis Improvements

= Better handling the effects on flow of large core-shifts

W NANNANANANANANNNNANANANANNANNNNNNNANANANANANANNNNANAN]
:ﬂ#"‘VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAYJ

Displacements, core

Time = 0.4237[s]

Scale Factor = 1.000
[mm]

0.9997
]

07498
| 04999

0.2498

.2E—13 A

Displacements, core

Time = 0.4237(s]
Scale Factor = 1.000
m] .

[mi
0.9997
-
0.7498
04999

.o 2499
2E-13 )

iz -36

8 58

Fill time
= 04537[s]

Is] .
1.089
0.8166

_D 5444
0.2722

0.0000
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Fill time
=1.089(s]

Isl
mioss

08166

.o 5444

02722

. 0.0000

2018 Release

Fill time
= 0.8235(s]

Isl b
08235 ¢
- ]
06176

'04117

0.2059

. 0.0000

2019 Release
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3D Core-Shift Analysis Improvements (cont'd)

= Large core-shift case

2018 Release 2019 Release
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Microcellular Injection Molding

= Fixed the problems in calculating mechanical properties in 2018 release:
= Tensile modulus was higher than for conventional injection molding

Tensile modulus in first principal direction (averaged) Tensile modulus in first principal direction (averaged) Tensile modulus in first principal direction (averaged)
(MPa] = 10157 [MPa] [MPa] = 7507.0[MPa] |MPa] = 7104 8[MPa]
l10157 4 r \ ' 1 l75070 1 I71U4,8
93876 6657.6 6237.2

2018 Release Regular injection molding 2019 Release
(10157 MPa) (7507 MPa) (7105 MPa)
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Under Development




Research Disclaimer

We may make statements regarding planned or future development efforts for our
existing or new products and services. These statements are not intended to be a
promise or guarantee of future delivery of products, services or features but merely
reflect our current plans, which may change. Purchasing decisions should not be made
based upon reliance on these statements.

The Company assumes no obligation to update these forward-looking statements to
reflect events that occur or circumstances that exist or change after the date on which
they were made.
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Mesh Type — Automatic selection — Fgs5on Froject
= Set mesh types (DD or 3D) automatically
by an automatic classification

= Current classification is by % of matched
elements

= Examined a suite of models:

= Manually classified by expert users

= Compare with automatic classification by
matched elements

% of matched elements says this is
suitable for Dual-Domain

= Accuracy of automatic classification
improved from 75% = 93% with new e
experts and new classification

classification. recommend 3D
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Prototype Tiger Stripes Prediction

= Collaborating with some automotive customers on validation

T‘haé( stripe region
=2,000
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2-Parameter ARD Model for Long Fiber  Paaongaiect

= QOriginal ARD model has five bi parameters

2 D D2 * b5isnormally zero
C =bql+boA+ b3A +b4_-y+b57/2_

* b4 isnormally small

Target Steady-State Orientation ARD bi Parameters H Ha H H
. o Saa o b1 bo o ba b5 * blissmall,butitisthe isotropicterm
0.72 0.26 0.02 0.02
0.72 0.26 0.02 0.04 0.000622 0.011186 0.02 0.000412 0
0.72 0.26 0.02 0.06 0.000472 0.011689 0.04 -0.003874 0
0.72 0.26 0.02 0.08 0.000110 -0.029160 0.13 -0.009655 0
0.72 0.24 0.04 0.02
0.72 0.24 0.04 0.04 0.003094 -0.029774 0.08 0.005233 0
0.72 0.24 0.04 0.06 0.002068 0.018617 0.02 0.000388 0 =
0.72 0.24 0.04 0.08 0.001716 0.019289 0.04 -0.006146 0

= Rotary diffusion tensor is simplified as

C = byl +bgA?

= b, and b; are determined by fitting to target orientation (A,,, A,,)

= Less parameters =» more practical in applications 3
= [ndependenton flow =» easier to obtain stable solutions

= No change of terms =» easy to implementin existing program
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2-Parameter ARD Model for Long Fiber (cont'd)

Location B
0.8

ceeeteess Data
@ e @ ARD-RSC (5-para)

06 ARD-RSC (2-para)

0.4

e N

fiber orientation components

0 0.2 0.4 0.6 0.8 1
normalized thickness

Location C

eeeedeeee Data
@ e e ARD-RSC (5-para)
ARD-RSC (2-para)

Positive surface on A

fiber orientation components

0 0.2 0.4 0.6 0.8 1
normalized thickness
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Solver APl — User Defined Scalar or Tensor

= Currently allows user coded routines for: = New routines for user-defined variable

= Viscosity oxX =—v-VX+EX,..)
L e -

= Solidification * Residence time
= Core-Shift = Fiber orientation

= Crystallization
Polycarbonate: Infino EH-1050; Cheil Industries 1.3“0‘ ) ) ) ) | and mo re

3,
Specific Volume vs Temperature mm°/kg

4 POMPQ) P 125 / . 0.0815
m  P=50MPa) W . .
- N Eiaes - 4 I User calculated residence time
+  P=200MPa) o e z <:| P ’

Specific Volume [em?3/g]

.
i i i 0.0611
M Lo k"".“ ¢
9 T naet®® et 11 [—— o0.1(Crs] ||
[ oot o 14[Cl5)
“»q:ttt...::::: ............. - | 325(Cs)
et ; ) 0 50 150 200 T 250
L T
/ pfluen hn;‘ I o f l r PI’
T(P) = bs + bs P ,, v of 40 W sz e e e 0.0407
n the figt
n der Beek et. al. Inter. Polymer Processing, 20, 111-120, (2005).

0.0204
bl



Solver API — User Defined Scalar or Tensor (cont'd)

Tracking injection

from multiple

© 2018 Autodesk

gates

4.000

3.000

2.000

1.000

. Z:“~\\\-\-\~\-g\»
L

mtmi,ﬁ, \ic (o

|
|

‘'@ |

- D P A e &

]

AUTODESK'
MOLDFLOW INSIGHT

~Sm I

Fillkpack-Check Analysis Log  Fillspack  Mesh Log

Uolumetric shrinkage - root-mean-square deviation =

Sink Mark Analysis
Sink Mark Analysis completed

Beginning weld line/air trap analysis...

Preparing output data...
Finished preparing output data
Weld line/air trap analysis completed

Execution time
Analysis commenced at
Analysis completed at
CPU time used 13411.31 s
equivalent to 3 hr, 43 min
Elapsed wall clock time 1721.80 s
equivalent to

Wed Jan 18 18:55:58 261
Wed Jan 18 11:24:31 281

2.1436 %

v
>
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Molded Component Assembly-Mounting Analysis

= Predicts final part deformation
and residual stresses after
assembly

vﬁ-}

l Local clea nce:
0~2. l

l
|

= Top requested issue in Users’
Group Meetings India and
Europe

Local clearance:
0~0.9mm Courtesy of ChangAn Automotive
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Warp Accuracy Improvements

= Anisotropic Thermo-Viscoelastic Stress Model

Stress relaxation (viscoelastic)
Long cooling time effect
In-mold shrinkage

Liquid portion at ejection
Solidification sequence effect

(MPa)

o
o

N
N
9]
%]
w
o
[
2]

DISTANCE FROM
2 GATE, L

)
DIMENSIONLESS THICKNESSs2It 0
[}

= 3D Shrinkage Correctionby Calibrated CTE

SN6786 (POM) Parallel Shrinkage
2.5

0.5

=@— Experimental

==0==3D Generic Shrinkage

=8= 3D Residual Stress, Without Shrink-Calibrated CTE
=== 3D Residual Stress, With Shrink-Calibrated CTE



Polyurethane Foaming Prototype  Pasion Project

Initial filling: By Injection or Initial Charge

5% initial filled by injection, then filled by foaming

Mald surface temperature EI C

Mck tempershure m c " Initial melt temperature: 35°C
Filling method

By injection ~ Edit data. ..

éy inttial charge
Curing time |500 [s [0:1

PU Foaming Process Data
Blowing reaction kinetics data

PBA (Physical blowing agent) data: Optional — oo

Initial water concentration

Initial OH concentration

Initial NCO concertration

Inttial dissolved COZ2 concentration
Equivalent weight of OH

Equivalent weight of NCO
Chemical blowing agent kinetics
H

m

n
© 2018 Autodesk

% [0:10] I o Temperature
225 % [0.1:99]
48 % [0.1:99]

. %[0]
1537 [1:10000]

478406 Jkg [0:1e+07)

O
1 [0:100)

=|[a|[&][=

Bubble Radius
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Polyurethane Foaming Prototype (cont'd)

Density and Temperature vs. Time Variable Cavity thickness
With different water concentration: 0, 1, 2, 3% Left side: 35 mm, right side: 65 mm
- Density
1000 BM mm Ay . ‘ '—
. > :
\
fa - .
i !
‘ : | : ﬁ
3 ﬂJ 1
: :Efmp[f;, B N | P —
: o ) 1
Temperature "7 A
Source: Baseret al, 1994 oo e nzr::(sg:] oo Source: Mitani etal, 2003
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Moldflow & Helius End-to-End Solution

Select Analysis Sequence X

Cool [FEM]
Cool [FEM] + Fill + Pack + 'Warp

Fill + Pack + Structural |

Structure

Fillpack, ‘Warp

© 2018 Autodesk {\ AUTODESK.
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Material Testing Laboratory



Recent Investments In I\/Iaterials Lab

= Hotdisk (Plane Source) Thermal
Conductivity
= Multi-sample
= Range: 0.005 - 1500 W/(meK)
= DHR (Discovery Hybrid
Rheometer)
= Viscoelasticity, Thermosets

= Tormach 3-axis CNC

= Tensile bar insert, conductivity
sample cells, weld line strength

jigs, CTE
= Stepcraft CNC router

= Specimen milling for mechanical,

CTE, conductivity, rheometry

© 2018 Autodesk
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Recent Investments in Materials Lab (cont'd)

B \echanical

_ Compressor
| v“;V 7‘

= Compressor

= 24/7 operation provides overnight and
weekend material drying

= PVT
= Upgrades, PVT #2

= Mechanical testing
= Jigs and fixtures
= Temperature cabinet
= -40°C to 100°C

= Gloss meter
= Tiger-stripe project

© 2018 Autodesk {\ AUTODESK.



In Progress Enhancements in Materials Laboratory

_. Slit Die

CLTE
= Enabling 4 materials a day

PVT #3
= Complete build from scratch

Slit die
= Detailed pressure distribution for
viscosity in one test

Battenfeld IMM upgrade
= New barrel and screw
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Planned Investments in Materials Laboratory

= New Arburg Injection Molding Machine (Electric) & _IMR and Storage Relocation
= July 2018 : '

= New Injection Molding Rheometer

Materials Storage

» >
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External Research Collaborations



iRc

Injection Overmolding of Continuous Fibers o
Thermoplastic Composites

= High strength plus functional features

= Qutcomes:
= Demonstrator / Validation Data

= Support anisotropic part inserts with strain loadings — interface
to forming simulation

= Understanding of bonding mechanisms

= Renewed for 2" Phase
= |nterface to Structural FEA (including Helius)
= Bond Strength dependence on flow length

© 2018 Autodesk {\ AUTODESK.



Composite Overmolding

= Model non-recoverable deformation and resistance of a continuous fiber composite
(pre-preg) being compression overmolded

Shear force (N)

90° fiber orientation on hemisphere forming test
Shear angle ()

© 2018 Autodesk {\ AUTODESK.



# B4 UNIVERSITY OF
5 BRADFORD

MAKING KNOWLEDGE WORK

Fiber Breakage in Barrel

= Prediction of long fiber breakage during melting in injection barrel — as input for
flow analysis in mold

Total length 25D

Metering zone Compression zone Feed zone
5D _L 8D |, 12D
miﬁtﬂr{nmzrmap
& 5 a4 3 2 1 Low RPM (150 RPM)
High Back Pressure (7.5 bar)
= Qutcomes: g it L

Tl el

ONPMOOOOONMO

= Fiber length data along barrel

= May use this to build a model for fiber breakage
in the barrel

‘ 40 W%

FO F1 F2 F3 C1 C2 C3 M1 M2

Location along 20mm screw
{\ AUTODESK.

Weighted Awverage Fibre
Length (mm)
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Coupling Fiber Orientation and Viscosity

= Measure orientation in samples by X-Ray CT
= Develop a model for fiber orientation effect on viscosity

= Enables prediction of plug flow in core
= Predict a wider fiber orientation core

© 2018 Autodesk

Location 8

® RMIT

UNIVERSITY

Edge Gated Plaque 6mm, Location B

] —— Measured
5 —+— Predicted, Standard Viscosity
i 0.5 —8—Predicted, FOD Dependent Viscosity
208
807
A SS
= NN s
£ 0.5
2 04
L
£03
2
5 0.2
|
1 6
Thickness {[mm)
M Flow direction
ATransverse direction

Thickness direction

# Fiber volume fraction|[%]
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Foam Injection Molding

= Measurement and Modelling of Bubble Nucleation

= Qutcomes:

= Data on bubble growth
= Potentially new modelling approaches

Microscopic scale

m Single bubble in an
infinite (or limited)
pool of liquid

m Corresponds to
initial stages of
bubble growth

Mesoscopic scale
u Collection of
bubbles
= Bubbles interact

with each other
and surroundings

Macroscopic scale
m Bulk of foam

m Corresponds to
mold filling process

m Micro/meso scale
details are omitted

© 2018 Autodesk

Cell radius (mm)

HP-FIM Simulation

— Simulated

o Measured
0 20 40
time (s)

&
s
a5

UNIVERSITY OF

¥ TORONTO

0%
- Micrecellular

Plastics Manufacturing

a Laboratory

Cavity Pressure (MPa)

16
141 A —— Location A
12 | ' \\ ————— Location B
\\

10 | \

A\
8 1 N\

\\
6 1 [ \\
41y
24 N
0+ : = ‘
0 10 20 30 40
Time (s)
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Yokol Injection Molding Consortium

= Observing Fountain Flow Oscillation (Tiger Stripe)
= Flow Imbalance (Race-Track)

= Fiber breakage in barrel

H: High transcription part

H L H L H L L: Low transcription part

.E ; 80 ! 100 | 120 140 160 <Stationary side>
§ T H T T T T
SE b 3 Movement
4 EOQ E of tracer . = . Cross-sec .
2w /‘\ E (1) Stagnant layer Valve-pin ross-section
=] _ 1 1 1 L =) *
g L H L H L H <Movable side> @
|

2055 o 5 %
= . i P3 [

A% I § .
Z 0500 HIR HER ;} ", <Movable|side>
3 A fohspafl
£ il S
I 045f I S
= I\JVPG S
© 040} :
E <Stationary side>
T T L T Smm,
& 0352 0 a0 a0 o0 Flow direction H

Distance from gate x (mm)

Side-fed
hot-runner
nozzle

B

Distance Y [mm)]

-10 T \ T T T
30 <20 <10 ¢ 100 20 30

H 5K °F

(:_ ’ THE UNIVERSITY OF TOKYO

Distance X [mm]

Source: Yokoi et al. PPS-31, 144-148 & 350-354
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Resin Transfer Molding Validation mEnRCELLA

= Commissioned RTM moldingsto obtain detailed process data for validation
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INEMI Wafer/Panel Electronics Encapsulation

= Study of Flowability and Warp of Microelectronics Panels or Wafers
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