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Why automotive lightweight?
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0il consumption around the world

Thousand barrels daily 2009

Country
00 - Barrels daily
& —— Change 2008 - 2009

Total Europe
& Eurasia

19,372

Total North
America
5% 6

Total Africa

3.082

Total South & “

Central America

5.653

Total
Asia Pacific

25,998
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Why automotive lightweight?

© 2015 Autoc

- Hybrid engine system
- Electrical vehicle

NI /T= SR B

- High performance
Powertrain/Transmission

- Active flow control

- Shape optimization

- Silica rubber compound
- Tire mass reduction

-9 "Z-Ri =
- Tread pattern optimization (: ["ji i .

- HSS/AHSS
- Magnesium/Aluminum

- Strenath Optimization : M.M.M.

- Plastics/Composite
- Thin wall molding

- Safety design

- Multi-functional material
- Emotional material

- Human interface system

{\ AUTODESK.
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Why automotive lightweight?
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Quote, Statement, or Commitment

Ford

« From 2011 to 2020 : "Full implementation of known technology... weight reduction
of 250~750 Ibs'

»"The use of advanced materials... offers automakers structural strength at a
reducedr weight to help improve fuel economy and meet safety and durability
reguirements

» "Reducing weight will benefit the efficiency of every Ford vehicle. However, it's
particularly critical to improving the range of PHEV and EV

Toyota

+ 10~30% weight reduction for small to mid—size vehicles

« "Automotive light weight solutions are necessary~~"
» "Multi-Material Concepts promise cost effective light weight solutions

GM

+'One trend is clear — vehicles will consist of a more balanced use of many
materials in the future, incorporating more lightweight materials such as nano—
composites and Al and Mg."

+ Aims to shed 500 Ib from trucks by 2016, as much as 1000 Ibs in earty 2020s

Mazda

+ Reduce each model by 220 Ib by 2015; another 220 b by 2020

Nissan

- Average 15% weight reduction by 2015
+ expanding the use of Al and other lightweight materials, and reducing vehicle
weight by rationalizing vehicle body structure

Renault,
Peugeot

» Target of 440 Ib reduction (approx. 15%) by 2018

&3, “Vehicle Technology for 2020 and Beyond:
Potential and US/EU Evaluation Methods™ , 2012, The International Council On Clean Transportation)

SKED&C

www.ednc.com

113.4kg~340.2Kg

226.8kg~453.6Kg

99.8kg
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Cost

Efficiency 1 MS/day
0% Reduction
2 Improvement

4 Fuel 20 M Tree
0.4L/ 10ka 1.6 ML/day Effect
Reduction Reduction .

I CO, emission R ‘\

3= _C0, emission - 2'M ka/day e v
% og/km Reduction . e
Reduction

- R
B

A7 s oS X8

oI =3 50km =W

T3 ol 12km/L JIE

© 2015 Autodesn {\ AUTODESK.



= T<ED&C
NS R Rose

Approximate Vehicle
mass breakdown System

Major components in system

Closures, Passenger compartment frame, cross and side
Fenders : Body—in—White | beams, roof structure, front—end structure,
8% underbody floor structure, panels

Body : Powertrain Engine, transmission, exhaust system, fuel tank

Suspension/ 23-28%
chassis - Chassis chassis, suspension, tires, wheels, steering,

22-27% . brakes
Powertrain:

24-28% Interior Seats, IP, insulation, trim, airbags

Closures Front and rear doors, hood, lift gate

Miscellaneous | Electrical, lighting, windows, glazing

&8, ‘Review of technical literature and trends related to autornobile mass—reduction technology:

Institute of Transportation Studies. University of California, 2010)
© 2015 Autodesk A AUTODESK.
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AL vs Steel vs Tl vs Mg vs CFRP

Material

Al

Steel

Ti

Carbon
Fiber

© 2015 Autodesk

$4-6/kg

$1.3/kg

$33-105/kg

$13-26/kg

$52-105/kg

Pot weight
saving(vs.
steel)

20-45%
10%

50%

30-50%

50%

Use/applications

Hang ons, then moving into
structure

Main structure, body shell, safety
crash

For rigidity parts low series

Complex use with coating

Crash, high strength-rigidity, skin

Y<ED&C

www.ednc.com

_ Main materials
for Auto BIW

.. Limited use

| Potential for

~ future but price

| must come down

{\ AUTODESK.
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Lexus LFASl =AW Mg 20 00 s
N =2z
B RTM <y

o 22015 g3
B G-sMC *2 '
@ J *1 : Carbon-Sheet Molding Compound
h - o *2 : Glass-Sheet Molding Compound

B C-smc
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PA6-GF30%(Z 2| 0+01 0| E 60
glass fiber 30wt% 2 2Z)E

2 E0tH SHAE U =S
Z2gst ol01B2lE Jl=2 0| M
220l HEEL FHE & 20%
O =0l=dl 483

© 2015 Autodesk A AUTODESK.












=& M(Composite)2 2| - CFRP "EDAC
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Bl =8 H2e 2pH

C285 0 UE ME==
=0 Xl
o0 =

o Ol
Steel (iron + carbon)

Carpet (backing fabric, yarn, glue, ...)
Duct tape (cloth + tape ...)

WWW. rlsleysteelserwces ca

Primary

, LN Backin;
y ,'q Fal)m;g

> Seconda
ABonding Backing ry

Fabric
www.carpets-rugs-guide.com

amazon.com
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- 295 PEEE M2 02 WS SHS IR 2 0140 REEE
Ol20{ & 2EtA f2

=
= Fiber

= Carbon, glass, Kevlar, ceramic
= U UBHEE NS

= Matrix
= Thermoset, thermoplastic, metal,
ceramic
= FibersE Xl Xlot= Jls(fibers®l
n=2s &)

= Microstructure

= Unidirectional, woven, chopped
© 2015 Autodesk A AUTODESK»
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HHE X2 - Lamina

= Fiber2t matrix &2 2 lamina (ply) =252 M &

000000,° oooooo 00
oooo 0000000 Oo
00 ooooooo 00 00° 0006

Lamina

Fiber volume fraction: Lamina =2| Fiber 2| £1| & &f

Matrix v
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Manufacturing Methods "EDAC

- CHSE HIE 2
= H[E, M8 XNE ME 30| wat AMEd

= QIHIA Yo
- /1 O

= Hand lay-up

= Filament winding

= Tape placement

= |njection Molding

= Compression Molding
= Spray-up

= Forming

gdecotech.com

{\ AUTODESK.



Injection Molding

= HECHEl fibers(short or long
fibers)2t =X| 5 24 & =9
&2 AE

= LCHZF A KNE

= AMI|XOZ AL HIo| ME

-

zoltek.com

AAUTODESK‘



Forming/Compression Molding RS

www.ednc.com

Continuous fiber EE= fiber A

X
—/ 1=
22 2x|ot g YO 50 LS

TOREE

= RTM - #xjof 22 713) 23E Y2 ArS
= VARTM - 7132 29 L& '

o
AIlE k=X
T T = =d

= (Class A finish |2 7t5

— =)

= Cycle timesO| &=

select-hyrofoils.com
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Systematic Investments In Autodesk Simulation

soLiD Robobat  J{ECOTECT 4 ALGOR.

‘ A B

2005 2014

PLASSE & GREEN  moldflow”  Ycfdesion NEi 85 vare
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v ...And much more

Fle New Item Laminate Plate

hp®eER BYIRY

=-My Data
- Thickness/Angle Templates
=-Fibers

- AS4 Graphite

- Boron

- E-Glass

- E-Glass 21 x K43 Gevetex

- High Mod Graphite

- HTS150

- IM7 Carbon

- Kevlar 49

- 52 Fiberglass

- Silenka E-Glass 1200tex

- T300 Carbon

- Ultra Mod Graphite

H- Matrices

H-Laminas
H-Cores
i- Laminates

Xchods Stress
Yohuds Stress
Stress Increment (ps)

Sandwich Tube/Beam  Utilities

Window  Help

@sn ©sz2
@ s2 Osi2

1.145806+02 @)

Load Type / Boundary Condtions
Unform Load - SSSS -

P-Pressure fs)  5.00000€+03
Calculate Deflection At:
x - Location (n)  1.00000€+01

¥ - Location i) 1.00000€+01
Memax = 10
Neax =

Uniform Load / Simple Support

Length(in) = 20

Width(in) = 20

Load(psi) = S.00000E+03

Load at X(in) = 10

Load at ¥Y(in) = 10

Max m = 10 Max n = 10
Deflection(in) = 1.719S8E+0S
X-Moment (1b-in/in) = 1.39696E+05
Y-Moment (1b-in/in) = 9.27834E+04
XY-Moment (1b-in/in) = -1.27177E-28
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H 'HELIUS COMPOSITE

Composite Part [
Concepts

HELIUS
.« Pl Composite Design

Equivalent Laminate OR
Individual Ply Props

FEA
- ABQ/NASTRAN

|

Prototype

Virtual Feedback

© 2015 Autodesk {\ AUTODESK.



Material
Analysis

Material Library:

= My Data
Thackness/Angle Template

» Fibers

= Malnces
3501-8 Epoxy
5250-4 RT™M
5505 Epoxy
8551-7 Epooy
BSL914C Epoxy
LYS56 Epony

S

Lamina from Micro
Mechanics:

Input Fiber/Matrix,
Lamina and/or
Laminate data

© 2013 Autodesk

Laminate
Analysis

Equivalent Laminate

Props:
Title Value
1.32512E+07
Ey (psi) 1 76764E-07
Ez (psi) 9.1638BE+D6
Goy (psi) 3.28911E+06
Gz (psi) 3.17308E=06
Gyz (psi) 3.23109E=06
NUkay 1.58603E-01
NUyx 2.11567E-01
Nz 3.53142E-M1
NUzc 271878
NUyz 3.67837E-N

Laminate Response

Factor of Safety

Composite Failure
Max Stress =

Max Stress
Maz Strain
Tsai-Wu
Teai-Hil
Hashin
Christensen
Puck

MCT

Simple
Structural
Analysis

Plate Analysis:

Advanced
Laminate
Analysis

Progressive Failure:

s [T —
B e sommsio | Tsarem
2 comwoses oo | st
3 e oo | aparen
4 e soumE0 | GroiaEns
5 e swrEn | mmEw
8 e snmen | smenen
R s | s
0 men swomen |1 seen
s e owen | 1aerEes
W 2ooce swwen | smaEn

Utilities

Export
Lamina/Laminate to

FEA: Abaqus p)
Solution ps
Partner SIMULIA

MSC A Software

Simulate More

ANSYS

Fabric Builder:

Random Chopped
Fiber Fabric

‘Hﬁ”

el W Warp
WovenFabric

"stnchc*d Fabric

{\ AUTODESK.


http://www.simulia.com/

Y<ED&C
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“ HELIUS PFA

Injection Molding

= |njection Molding
. Qmpression Molding

Ejector
pins

AW =

Peatage $5ee py DTS 10

Screw motions Screw Heaters Barrel Nozzle Sprue

www.substech.com
'Jm‘
Compression Molding
nesm
o Upper movable
mold half
pa: Charge
Lower fixed
mold half’
&®er

Ejector pin

www.substech.com

© 2015 Autodesk {\ AUTODESK.



g © HELIUS PFA

J|Z& CAE Packages
(Abaqus/ANSYS/Nastran)&

S8 M0 £3t= Solution2 = &4l

H AR RO OIDIAIS D st

=
oldse =& ol &

Aol A AIEE = U=

Uﬂl-al
24

OI

© 2013 Autodesk

Composites Simulation Platform

& Abaqus/Viewer 6.12-1 Viewport: 1]

L= |6 i

[@ fie Viewport View Besult Plot Animste Rgport QOptions Jooks Plug-ins Help X? - (@
Temd & 3« At E AR v | @ L (9o 8| visustiation detavis [+ @ ~ ¢ () () (T (T
BB NA R @E LI el i 1 2 3 4 & 0 ®w oK B dprieny (e [ eS|
Results Module: [~ Visustizstion [r] 0DB: [ C/Users/RICK D~1/AppDatarLocal/Temp/gs_postbuckle_model Opl_mean1 343252217937 0db [3] WMdad b» FED

Session Dats [+] & ¥
# & Output Databases (1)

@ @ Spectrums @)

B8 XvPiots

B xvDsts (16 Actodesk Simutation Composite Anaiysis 2014
I Paths ¥
®%q Display Groups (1) AUTODESK SIMULATION COMPOSITE ANALYSIS
B Free Body Cuts .
& sweams 3 Mateil ibary IV 8952 HE sotoctModel ke [RAnR
I Movies & ¥ | [ ‘Select Fibes Dicections: |1

B images
9
Engineering Constants for Your Selected Composite
Type: Carbon Fiber Reinforced Polyser (unidirectionsl)
Stress free temp: 0.00 R

o,

Fiber volune fraction: 56%

&
2505

E1l = 2 07e4? 2 - 165046 E33 = 1 65ee6 (psi)
324 - oI v23 = 0.461
93046 613 = & 8% 623 = §.65eeS (pai)
00e+0 CTE2. 00840 CTE3) = 0.00e40 (1/R)
1
2

o
"

Skesd (psi)
2044 (pei)

36945 - 1.3%4 s12 -
2 26045 - -3 77044 523 -

Analysis Criteris

Damage Intiation: |MCT ] Pararrs

Damage Evolution: | Instantaneous Degradation [+] [Paceens] (7

Output
Output Constituent Stress/Strans (7

Explict Analysiz [3]

X
7S simuLia

{\ AUTODESK.



. ! HELIUS PFA

Add Composite
» Material to Database

Composite
Material
Datab

Access Plugin

Behind Input File
the L N

( ) D
Scenes | I Every gauss point [l L 2
| : For ever iteration Subroutines
oo oo oae o
Results File

© 2015 Autodesk
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Mz HIAE

5la 2A

AM&EQOIOI0IXI AlIZdI0IE
(damage simulation)2 Soll ¥ & N =D =D SHOM &3 e
LMD

S&HHE 0|28t Simulation I3 22



Material Multi-scale Failure, Damage Material

Management Analysis & Fatigue Nonlinearity
Characterized constituent Multiscale analysis Eight failure criteria . . o ) )
behavior from lamina allows constitut)i/ve off%red: Material nonlinearity is Helius:MCT's
inputs: relationship to be applied « MCT specialty:
+ Uses an iterative where they are most * Hashin :

micromechanics accurate, at the * Puck *  Robust algorithms to greatly

based solver to constituent level, rather « Christensen Improve convergence

calculate “in-situ” than the homogenized + Tsai-Wu * Multiple material models

properties. lamina level. + Tsai-Hill *  Brittle unload

« Max Stress » Strain softening .

+ Calculates constituent Microstructural support + Max Strain * Crack accumulation

nonlinearity from for: + Ductile softening,

lamina inputs. * Unidirectional Models for damage

* Plain Weave tolerance & delamination. -o---- matrix failure

* 5H Satin Weave
8H Satin Weave

in W ) - e
Delamination Alf (]lf)z + Af[,f =1 - | "

----fiber failure

al—

(WP

o (=azm0) (MPA)




Autodesk® Helius PFA (Composﬂe Analysis) |
Advanced Material Exchange

“<ED&C  {\ AUTODESK.
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Typical workflow

Moldflow simulation

manufacturing simulation

A
|
|

|
Disconnect
|

|
|
Vv

CAE simulation structural simulation

© 2015 Autodesk A AUTODESK.
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Advanced Material Exchange ol

As-manufactured simulation

» ‘ AUTODESK
‘ MOLDFLOW' INSIGHT

Moldflow simulation

N > ‘ AUTODESK" HELIUS PFA

Advanced Material
Exchange

CAE simulation

© 2015 Autodesk {\ AUTODESK.



——

: e J<ED&C
Advanced Material Exchange capabilities e

Map data from Moldflow to Abagus & ANSYS
= Material properties
= Fiber orientations

= Residual strains (warpage)

Supported materials
= Non-filled plastics
= Fiber-filled plastics

Results in a more realistic model of the part—

thus a more accurate structural analysis.
© 2015 Autodesk A AUTODESK.



Advanced Material Exchange e

Requirements

= Simulation Moldflow Insight Premium
= Abaqus 6.12-6.14

= Stress-Strain Curves

= Nonlinear to failure
= Chopped fiber only
A

© 2015 Autodesk > A AUTODESK.



- : <ED&C
Chopped fiber microstructures e

Coupled with advanced material exchange
= Use fiber orientations in your simulation

Nonlinear FEA simulation

= Elastic-plastic response -
= Falilure predictions

33333

{\ AUTODESK.



: : T<ED&C
Perform as-manufactured simulations e

The as-manufactured
simulation provides
better insights into
actual product
performance.

U, Magnity
+

In this case—half the
deflection of an
iIsotropic model

AME Fiber - .
Orientation & ISO"?,T:;IE?S“C Isotropic Elastic
Elastic Pastic

{\ AUTODESK.




Example — Effect of change in gate location

= 'T'wo models that are exactly the same
« (Geometry

e Materials

« [oads

 Difference 1s the gate location.
 One on top of the part, one at the front.

« Examine the difference in strain due to the
difference 1n fiber orientations.



Example — Effect of change in gate location

0.8693
0.7354
0.6014
0.467 4

0.3334

Front Gate Location



Example — Effect of change in gate location

0.8978
0.7567
0.6156

0.4745

0.3334

Top Gate Location



Effect of changing gate location

ODE: E “alid=ti z iz .=tor_Top
E, Max. Principal E, Max. Principal
[frvg: FS%) [ovg: FE%)
+2.151=-02 +2.1E1=-02
+2.151=-D2 +2.1E]=-D2
+2.1E]=-DZ +1.5E3=-02
§E4=-DZ +1.7E6=-0Z
+1.7Ef=-D2 +1.EEF=-D2
+1.5E7=-DZ +1.1E5=-02
+1.18%=-02 +1.131=-02
+1.151=-D2
+5.521=-D]1
+7.317=-01
+5.§5]=-D]
+71.3EE=-
+1.384=-01
+2.22F=-

Front Gate Location Top Gate Location



Comparison to Linear Analysis

» [inear Equivalent Analysis

» [gnores the effects of fiber orientation — using an
“equivalent” isotropic material representation.

» Jonores nonlinear material behavior.
= AME Model
= Accounts for the effects of fiber orientation
= Accounts for nonlinear material behavior.
= Models shown at the same pressure load



Results Comparison — Max Principle Strain

i
! shosponhonnan 1

Bl RADLSTOS TAHE_&OZ-3 534366
Mo BEIL

Equivalent Isotropic Model

AME Model

= The AME Model predicts ~5.bx higher max
principal strain



Results Comparison — Composite von Mises stress

i

e

Equivalent Isotropic Model AME Model

The AME model predicts a 3x higher von Mises stress. It

also occurs at a different location than in the equivalent
Isotropic model.



Autodesk® Moldflow RTM Process -
(CFRP Molding Process)

““ED&C {\ AUTODESK.
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- - <ED&C
RTM, Resin Transfer Molding ol

Is a low pressure, closed molding process which offers a dimensionally
accurate and high quality surface finish composite molding, using liquid
thermoset polymers reinforced with various forms of fiber

reinforcements.

llllllllllll

in iniacti p
ort —\
Lower / ¢ J .é‘ﬂ\_UPpErmnld
support B o

Fiber rein forcemen t Lower mold

R
Upper supp
Bleedivent part

pf Bleed/vent port

N

{\ AUTODESK.
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RTM Process

Reinforcements are presented in their dry form to the mold in either
binder-bound chopped mat, random-continuous strand mat or woven
cloth format. The fiber has been either "preformed” to the exact shape
of the molding tool in a previous operation or is hand-tailored during the

1. Preform Manufacturing 5. Demolding and Final Processin

\ 4

Lay-up and Draping

’ A

4, Resin Injection
and Cure

3. Mold Closure

{\ AUTODESK.



“<ED&C

www.ednc.c

RTM Process

Premixed catalyst and resin is injected into the mold cavity encapsulating the
fiber within. The primary surface of the molding may be gel-coated, a process of
spraying the mold surface before installing the fiber. If a gel coat is not required,
the exterior finish would be the same from the front to back of the molded part.

{\ AUTODESK.

© 2015 Autodesk



RTM Applications

Parts for high strength, high modulus.
Parts for dimensional stability and good surface.

{\ AUTODESK.



Preform Properties

= The type of flow is characterized by preform(carbon nanotube mat)
properties. Flow resistance also depends on resin property and flow
rate(molding conditions)

= 1. Porosity (22 or J|32) is defined as the ratio of the void volume to
the cavity volume, before the cavity is filled with resin For different type of
mat layers

= 2. Permeability (524 or &5 &) is part of the proportionality constant in
Darcy's law which relates discharge (flow rate) and resin properties (e.g.
Viscosity), to a pressure gradient applied to the porous media.

{\ AUTODESK.



Preform Properties

SKED&C

www.ednc.com

===

=2|Z F(Midplane) =

ZoE
2z =aE - EE. ]
A AT HHEF
dx 1
dy i}
dz 0
SH 1.6 mm £0:100)
i HE [1:2561

08 [EAIE BMidplanel T2 #1

[0l 45 ZQ8H= 2 WHH HEELICH

£ x| [ =82

=3=
22 [ZE &4 [ 87 54
HEY
HEEH
HOE &5 n/a
OFF 2 8 2% n/a
2527 0% Glass Mat SHE
(=22 (]

phi 1.5

K11 Be-006
K2z fe-006
K1z fie-006

JAEEN 3

1]

ZE

[1e-005:1]
cm”™2 [1e-013:10]
cm”™2 [1e-013:10]
crm”™2 [0:10]
rrrn (0100

EIHH HO0IE

23 FEF
% [0:100)
1 Glass Mat T

| [ MISAEE > |

Porosity(Ct= &), permeability(5 1t =) and reference thickness(J1 =5 JHl)
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Process setting
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ZA &% OpgiA - RTM/SRIM 2% - HO|A| 1/2 ——
2% EM 25 [0l C
28 20 3 C
ZE ME A2 = [0:300]
28 £7| ¢ [-1:1)
e Y R 30 s [0:]
MBI 2rE s
ENREREE, - HA 0 MPa [0:50]
QIR AT A0l HI 10 (0:30)
MA ZE A
[ME ZE =24 ~|[ HIOE EE,,
CECI e TR
{\ AUTODESK.

© 2015 Autodesk



Process setting

| A
_‘I:._?H EI—I

=S =8 OrEA - Z20g 23 - HO[] 272

23|
%
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=
=
=
=
] »

| EZEDY MHZIL., || Z20E E2.,
H Test= 2N 2 22 2z
VI%ET HEH [IE HA 99 % [0:100]
CIAEEH M2

] 2rs HHEH HE

| S ]

| <=2® | o= ||
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Process setting i

] ZE|E J(Midplane) ﬂ

ﬁ?fﬁag R T HEZH Unkniosin

S HIDIE EH n/a

dx ! ORI 3 9] n/a

v HR/EIHH 0% Glass Mat Z5E

=) 1.6 mrn (0:100)

EC [1:256] . 3
ng [ZIE EMidolanel (1220 #1 Z2|F ﬂ
0 $25 225t 25 UK ST, EZ0E &8 | HIH 24

=l 2 [ =% ZAECHEE Y LS
: phi 1. [1e-005:1]
K11 Be-006 cm”2 [1e-013:10]
K22 Ge-006 cm”2 [1e-013:10]
K12 Ge-006 cm”™2 [0:10]
A= EMW 3 rrn £0:100)

22 TI0IE
£3 ZEF
100]

1 Glass Mat 70

Iz
1z

| CAEAESS )
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rocess setting ED&C

H| 22 He L HIHH 24 H= X
EEEEEEENEE = (2= 2ot same) o=
29 I 29 o
1 Asbestos Fiber 41 Molybdenum Dizulfide
2 Boron Fiber 42 NMickel
3 Carbon Fiber High Modulus 43 Rubber
4 S-Glass Fiber 44 Teflon
5  Mstal Fiber 45 Wollastonite
B Metal Whisker 46 Carbon
7 Synthetic Fiber 47 Aluminium Borate
8 Glass Mat 45 Long Glass Fiber
9 Aluminum Fiber 43 Strontium Ferrite
10 Glass Fiber £ 50 Meodymium-lran—-Boron
11 Carbon Fiber High Strenath 51 Potassium Titanate Fiber
12 FKevlar Fiber 52 Coniferous Waood
13 Talc 53 wWood
14 Aluminum Flake 54 Glags Fiber {Chevron Phillips}
15  Barium Salt 55 Milled Glass Fiber (Bayer-Lanxess)
16  Barium Sulfate 56 Glass Fiber (Bayer-Lanxess)
17 Calcium Sulfate 57 Long Glass Fiber (Bayer-Lanxess)
18 Calcium Carbonate 58 Titanium Dioxide
19 Carbon Black | & 59 Zirconium Oxide
20 Ceramic Powder B0  Kaalin —
1 Clay 61 Glass Fiber (EMS-Grivory)
22 Chalk 62  Alumina
23 Chopped Glass 63 Tungsten Powder
24 Iron Powder 64 Bizphenal-2
25 Glass Bead 85 Long Glass Fiber (EMS-Grivory)
26 Glass Flake B6 Miscellaneous
27 Graphite Powder 67 Proprigtary
25 Glass Sphere 68 Unknown
29 Mica 69 Stainless Steel Powder L
30 Milled Glass 70 Low Alloy Steel Powder 3
1 Mineral 71 Glass Fiber {Azspect Ratio 10}
32 Metal Flakes 72 Mullite
33 Metal Powder 73 Calcium Fluoride
34 Organic 74 Rice Hull
35 Silica 75 Long Glass Fiber (11 mm)
36 Silicone 76 Long Carbon Fiber High Modulus
37 Lead 77 Long Carbon Fiber High Strength
3% Potassium T8 Sizal Fiber
3 Steel Fiber 79 Long Carbon Fiber (Plasticomp} L 4
40 Titanium & e
[ WEWICS., | [ MEAMED., [ Zsa)., [ 2w, | [ LWEWIC, | [ MRAED)., |[ B4, |[ .. |
[ HE |8z [ ==2H [ e &3z [ ==
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Simulation Example
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Class summary
Ol AlI2H0I= OIMl B2 d SE2| JI=2 4

2OHAIENS =2 NMO0[E= £3%ol

Moldflow Insight 2] Mucell of &= Solf &€=
= U= 0|0l CiotH EZ ot =LILE.
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Key learning objectives

= MuCell® O] All

JUFS

L AlEdiolE = A

ol

&
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What is MuCell®? ED&C

= MuCell2 2= &
H 3= X
o SctAE NS0 &2
HdlIR)s €= Jl=
= 2 I Xl (foaming
agent)E2= =2 245
A
o IHIHZ O| &kt EH A AFS
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Gas EZ0dll (Single Phase Solution Bt=DI)

Super Critical

= Single Phase Solution 77 \\\\§

0F= | {
| T Critical Point

o & U AEHCl 22 AT \
TS EPS] EERARVIAAAY

o Hget A0 2= arEi 2 COy Pc=72bar  Te=310C
Z2lHE = 2 H S A N,: Pc =34 bar Tc=-147°C
(SCRH= Eoff (M2t =%/
2l [ SCF =&)

{\ AUTODESK.



Super Critical Fluid (=2 A =Xl ; SCF)

= S =22 HSUA B OIM2 &5
d&8= 25 Z= =7Al
o R Ol ROH(HE LOHE
o Gasll =& X ik
a | Supercritical Fluid Y
= Solid Phase Conpressible | /
liquid
e y =
Liquid Phase
7 E B7Y AYEE o
ptp  Triple Po'_ =y Superheated vapour
Gaseous Phase s
o i

Temperature=
{\ AUTODESK.



SKED&C

www.ednc.com

{\ AUTODESK



Moldflow2016 - Bubble Nucleation Model /2 &
Bubble nucleation model 0| =J} &(mid-plane, dual-domain & 3D )

Bubble number density Hl&t

Nucleation rate 2|& Z 1

Me S54
X g2 2

20,1 ~16F, o3

= =78t nucleation 0 Jbs
5 X It Nucleation model OlLt Nucleation density & Jis

{\ AUTODESK.
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Calculation Results for Mid-plane ERBEC

= A mid-plane case for a rectangular plate

[1/cm~3]

l 1.189E+05

1.064E+05

93910,
81413,
68915,

Bubble number
density

[mm]

IU.llU?

0.0833

0.0559
0.0284
0.0010

© 2015 Autodesk {\ AUTODESK.
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Input Data Change for Microcellular Injection TRoLC

Molding

+  “Initial bubble radius”: H|H&!

« MuCell 2& 2 2|8 V/P switch-over options S}
- By %weight reduction
- By part weight

‘Wizard - Fill+Pack Settings - Page 1 of 3

Mold surface temperature IErEIII C — Velocity/pressure switch-over (Microcellular)
Met temperature [230 c By “weight reduction j i
Filling contral | = . " -
|| By %weight reduction
[ Flow rate = a0 = %Eart weight (excluding runners)
— Velocity/pressure switch-over (Microcellular) volume i ed
IEy‘lweight reduction j at |3 % (0:50] | By ram position
—|By injection pressure
B Pad{i‘holding control E}r h}rdlaullc pressure
I‘};HIIing pressure vs time j Edit profile... | E,‘:.r damp farce E
~Coolngtme | ressure contrl poirt T
By injection time
i ~|of |40 (13
|Specfied =l | - By whichever comes first

Advanced options... |

{\ AUTODESK.



V/P Switch-over by Weight Reduction (or
Welight)

% Weight reduction: g8t AtE 1} HlWoll MuCell &3S AIEE

HNE SE 2%

Weight of the injection molded part: MZ M= HZ GIOIEH (PVT,
HOI2%)Z BH 0=

I XN [ = (=)
NYSE S STS YA 4 US

8

— Velocity/pressure switch-over (Microcellular)

IEh,r “weight reduction j g
|| By Yweight reduction 1
By part weight {excluding runners)
by =volume tilled

|| By ram posttion

—| By injection pressure

By hydraulic pressure

By clamp force

— | By pressure caontral point

By injection time

By whichever comes first

{\ AUTODESK.
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Packing Pressure

MuCell 2H0IA= B2 =X E= A0| XD, R &
L_I-C> EOI-E I-lE

Default2 & A|2t2 0

B AIZIS EE61IH S 241 S E

Pack/Holding Control Profile Settings [

— %Filling pressure vs time

Duration | “ZFilling pressure j

s [0:300) % [0:200]
0 100

Vs [t R —

{\ AUTODESK.
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icrocellular Process Setting Lz

s Settings Wizard - Microcellular Injection Molding Settings - Page 2 of 3

Mi lular foaming gas
MNZ

Initial gas amount

’7|In'rtial gas concentration by weight % j Initial gas concentration ID.E?H %[0.1:3]
Bubble nucleation model

’7|F'rt'ted Classical Mucleation Model (Parameters obtained from material data) j

Foaming gas

= N2, CO2, Custom
Initial gas amount

= By weight %
= By saturation pressure
Bubble nucleation model

= Constant nucleation density Bubble nucleation mode!
= Fitted classical nucleation model

— Microcellular foaming gas
N2 |
N2

Co2

- Initial gas amourt

Intial gas concentration by weight % j

_|Initial gas concertration by weight %
Initial gas saturation pressure

Fitted Classical Nucleation Model (Farameters obtained from material data)

Constant nucleation densi
Fitted Classical Mucleation Model (Farameters obtained from material data)

{\ AUTODESK.
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Microcellular Material Data e
Microcellular 3&2 I8t ZA Gas Mz 42 3types

’ N2, COZ’ CUStom Microcellular foaming gas . .
Data needed I =] Edtpropenes. |

_ ;
« Molecular weig ht ('E‘ II' %':) Molecular weight of gas (N2) P [01es010)
. r Surface tension (Guggenheim model) parameters (N2)—————————
° SU rface tenS|0n (E E g‘g.) SIGMD Iﬂ.ﬂ-ﬁ"‘lﬁ M/m [0:1000]
] . o 1/TC [oootoest Ko
+ Viscosity coefficients for gas(&8 &) “Viscosty coeficerts forgas (N2

- Solubility (28 E) " —

- Diffusion coefficient (Z&HH =) _:.ubmmmdemgam} =
* Nucleation model parameters (F1,F2) - T

k1 I'I Abe-009 ka/tg-Pa)

r— Diffusion coefficients for gas (M2)

Thermoplastics material Microcellular foaming gas 41 I—Ge-ﬂ'DB s
NZ "I Edit properties... |
Description I Recommended Processing I Rheclogical Properties I Themal F d2 Iﬂ K

: NZ |
Microcellular Properties | Optical Propetties | Environmental Impact | co2 | Ftted Classion] Nudleation Model e 02
= @SSICal NUCIeaton Vo parameiers

"Mic:'ocellularfoaming gas F1 175073 [0:1e+00E]

Im 'I Edit properties. .. | 2 Iﬂ ooog [0:1]

{\ AUTODESK.
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3D Microcellular Injection Molding Simulation =

- Microcellular foaming simulationO] 3D & Jis

Bubble radius / pressure / number density

calculation

- Bubble nucleation Hl&t0| 3D off &
- SENRparts LI SEE HAUA MuCeII ‘Hk' tsdi &

BIEL07 23T
.1‘ 5555555 E .1. 5555555
ssssssssssssssssss

PP with N,
0.575% gas weight

{\ AUTODESK.



3D Microcellular Injection Molding Simulation ==

- 3D2 bubble nucleation 2 growth simulation & Al & £E H At

« Mid-plane/dual-domain 0l Al = V/P switch-over
O|F £H packing DXl Hl A

l l4.362E+0?
3.2726+07
e
Hzmew o > | zisiEw07 :;_::;—:j_‘::_:—:ii%
L091E+07
I I 0.0010

{\ AUTODESK.



nc.com

www.ed

Y<ED&C

Example 1

& plate

S

=
=2

N2

9| Microcellular A}
Material: Polystyrene
« Weight reduction: 5%

W4 U8 K=E

s
=

- SEM(Scanning Electron Microscope, At & At
& 0|&) pictures 22 322 H
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Bubble Number Density
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Bubble Number Density: Experiment & Simulation EDeL

* Fitted nucleation model

- X/ A3} &l nucleation parameter2 A& 1t 0§ &
ts

« Nucleation2 parameter ¥ 30| It OB
DI2ZtSHAlI 20 Hl=<8t Caselll A& == US

1.00E+11

Bubble Number Density (/m"3)

1.00E+10

{\ AUTODESK.
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Example 2 "

- [ 2&8& HS2 Microcellular AIE 4 &
- Material: Polypropylene, N2
* Weight reduction: 8%
* Injection speed: 2 “ [/ sec

- =AMNEXES0IES Soll 2 /X0 IHE OIAl 2
&€ €Hi il

{\ AUTODESK.
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SEM Locations e

« Ofc 32201l CHotH Al=2ll0l &1k SEM picturesE Hl W&t
- 3D modelZ Al2dI0|& &
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Bubble Morphology *<ED&C
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- A,B,CHXI0AS2 SEM pictures
© A:gate 2X: HE NIt HS
. B Gateﬂ Gate AOI: STA=0 =S

=2 oo

TI'OE

R

'N

© 2015 Autodesk

AAUTODESK,,



Simulation Results
* Fill time 2} & Al Pressure

© 2015 Autodesk

Time = 4.669[s]

[MPa]

.25.92

19.44

I12.95
i6.480

0.0000

{\ AUTODESK.



Simulation Results
«  Bubble number density Hl&t
o _|_,|-xl- D:Iﬂl.

- HOIE 2ZH0 HE EXI RS
- HIOIES HIOIE A0l & =& 2HERU H

Time = 25 59[s]

[l

[1/em3]

.2.23E|E+EIB

[1erm®3]

2. 230E+08
1.672E+08 [ |

1.115E+3

5.5974EHF

0.0010
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Simulation Results -

- Bubble Bt H At
- ZHE A

- HOIE 2X2% 7S & 220 2 HE &dd
- HIOIE2 HOIE AIO| 22 HE M4

Time = 25.59[5]

[rm]

. 0.0359

00272
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Moldflow Strategy TROEC

= JOIE e A X

S das0l OE oS 21t

= AlE & SO0l IHE Cell 844 & 21
= 2 Full shotO| SJIsE2 I S ZAES &2t =8
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tep 1 - Microcellular Injection Molding Module ==

Mcroceliulsr Select
Injection Moldng” Sequence  Meter

3] srolfd_odel_n2_foan%0_12_0 706
Scerams

) simolfied_model 2, foan30.R2_n285_2_gates ke
%) wpMied_model_n2_foam50_12_n285 2 gates_outer
% smolhed_model_n2 foan0 f12_n2e5 4 getes sy

Import Add

Actodesk Semulation Moldfiow Insght 2014 {simphied model n2 foar0 12 n2e5 4 getes vyl

jection Proces: Optimizat
Locations Settings

7 " fa e Pack - Winp

) HIPRENE MTEZHS. GS Cotex Corposion
Materal Qualty ndcaton.
Envronments Propedis

¢ 2% 1 inecton Locasonts)
¢ 2 Prooes Setnoa (User
%

A 8K Model - Solid Process 2014 revic] - solid - 05 transfer Era=]

Microcellular ~_ Whnalysis
Injection Molding  llequence  Material ™

[simplified_model_n2_foam90_ft2_n2e5 4_gates_svg]

I GEEE 8 -

lob Results | Reports
Manager

ulation Moldflow Insight 2014

8565@ i @;@ﬁﬂ@

Midplane Geometry Mesh Injection Process Optimization E‘-oundary

Locations Settings
Muolding Process Setup ~

Results | Reporting

GREE

[P by

Deflection, all efiects:Z Component
Scale Factor = 5000

Deflection, a4 efects:Z Companer
Seale Factor = 5000

[mm};

i %
Nt Scale (300 mm) Seale (200 mm)
bt Tawons Wy R e ey Bl e
7 Mericld

~ srplhed_model 2§ ]|+ 8K Model - Scbd Process.
resdy

© 2015 Autodesk
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Step 2 — Part Modeling

Y<ED&C

www.ednc.com

Midplane

Dual Domain

3D Added!

JIEt S E 0l 11240l 0F

=
S Ate Bl

3.000[mm)]

2.500[mm]

SUTODESK

SIMULATION: MOLDFLOW"

INSIKGHT

Iesh Thickness Diagnostic [tum]

4.000 I

2 500(mm]| B 2 000 | 3275

2.550
1.950[mm]
2 450jmm]

144
7
7

1.825

1.100
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Step 3 — Mold Modeling TEDSC

= Hot Runners Valve

Gates! 2
= JIEF E80| D00t
St AIE S

SIMULATIEIN MO LBRLOYES
INSIGHT
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Step 4 — Process Modeling — The Old Way

SKED&C

www.ednc.com

© 2015 Autodesk

Process Settings Wizard - Microcellular Injection Molding Settings - Page 2 of 3 E|
Walume filled &t start of foaming a9 % [0:100]
Initial bubble radius 0001 mm [0:1]
Mumber of cells per volume 2e+005 1/em™3 [0:1e+014]
Intial gas concentration 04 % [0:10]
—
MK =2
SH (= ]] > =)
S MM DY 2AAUS
AL
8= 8% 1d
=1 A2 9Ol PN
H=E d&= fst AI&E
| <Back | Ne> | | Camcel | | Hep |
{\ AUTODESK.



Step 5 - Process Modeling — The New Way

SKED&C

www.ednc.com

Process Settings Wizard - Fill+Pack Settings - Page 1 of 3 @
Mald surface temperature 140
Melt temperature 47h
Filling control
jection i > |of 2 0 200 SL= = =
[inecton tme ) Pl |nitial target (H&5| 5t= 2Dt 01R)
Velocity/pressure switch-over (Microcellular)
[ By %weight reduction vat 15 % (0:50]
Pack/holding control et g} 8 oez /j\” <E>|
%Filing pressure vs time hd Edit profile... h — —
— | ] L0l 2t MBE 4 YUS
Cooling time
[ Speciied ~|of 20 st ILOQ| 2AZ E £+ UTE SE0I
[ Advanced options... l DEI J‘” ljikl %I

[] Fiber orientation analysis f fiber materal Fiber Solver Parameters ..

<Bock | MNed> | | Cancel | | Hep |

© 2015 Autodesk A AUTODESK.
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Step 5 — Process Modeling e

Process Settings Wizard - Microcellular Injection Molding Settings - Page 2 of 3 @

Microcellular foaming gas

[N2 "] Edit properties...

Inttizl gas amount

Initial gas concentration by weight % = | Initial gas concentration 0.415 %[01:3]

Bubble nucleation model
[Frt'ted Classical Nucleation Model (Parameters obtained from material data) v]

7

//ﬁ"‘\ Give It Some Gas!
@ @

cBack || Med> | [ Cancel | [ Hebp

{\ AUTODESK.



Step 6 — Analyze (Midplane)

Filling phase:

Status: U

Uelocity control
= Pressure control

= Foaming
Velocity/pressure switch-over

(Elemit
{Elemit
(Elemit
{Elemit

Time | Volume| Pressure | Clamp force|Flow rate|Status |
(=3 | (%) | (HPa) | (tonne} |{cm"3/s)

8.8681 | @a.84% |"Valve gate controller defaults"” # 1
8.881 | 9.84 |"Valve gate controller defaults" # 1
8.881 | @a.84% |"Valve gate controller defaults" # 1
8.861 | ©.84% |"Valve gate controller defaults"” # 1
B.182 | 1.49 | 17.39 | B.31 | 394.48 | U
8.2e1 | 5.93 | 19.98 | 1.33 | 473.59 | U
8.388 | 18.71 | 28.72 | 3.89 | AFB.SH | U
B.486 | 15.88 | 21.39 | .65 | 4F9.82 | U
B.586 | 2@.466 | 21.98 | 8.41 | AB1.39 | U
B.685 | 25.40 | 22.33 | 11.26 | 483.84 | U
8.761 | 30.88 | 22.73 | 14.53 | 4B3.46 | U
B.887 | 35.28 | 23.27 | 28.25 | 4B2 A7 | U
B.984 | 39.84 | 23.82 | 26.88 | 48317 | U
1.811 | 44 98 | 2447 | 34.35 | AB2.71 | U
1.1687 | 49.46 | 25.685 | L2.28 | 4B2.7T7 | U
1.284 | 5411 | 25.59 | LO.87 | 4B3.M | U
1.311 | 59.17 | 26.24 | 59.35 | 4B3.6T7 | U
1.484 | 63.56 | 26.84 | 68.32 | 4B4.36 | U
1.518 | 6B.52 | 27.64 | 81.64 | A4B3.T72 | U
1.611 | 73.27 | 28.446 | 9L.42 | 4BY4.T7E | U
1.788 | 77.43 | 20.12 | 184 .82 | A4B5.52 | U
1.882 | | | 118.47 | | U

485

.79

78231)
70268)
78305)
70342)

opened. |
opened. |
opened. |
opened. |

Packing phase:

SKED&C

www.ednc.com

| |
| Time |Packing| Pressure | Clamp force| Status
| (s 1 (%) | (MPa) | (tonne) | |
| |
| 2.375 | 2.11 | 1.98 | 31.57 | F |
| 3.916 | 9.81 | 2.89 | 36.44 | F |
| 5.876 | 19.61 | 2.89 | 35.29 | F |
| 7.832 | 29.39 | 2.12 | 33.37 | F |
| 9.789 | 39.18 | 214 | 27.94 | F |
| 11.747 | 48.97 | 2.15 | 25.93 | F |
| 13.786 | 58.76 | 2.17 | 19.04 | F |
| 15.667 | 68.57 | 2.28 | 13.52 | F |
| 17.622 | 78.3% | 2.23 | 6.608 | F |
| 19.582 | 88.15 | 2.27 | 2.63 | F |
| 21.581 | 97.9% | 2.27 | 8.95 | F |
| 21.957 |186.08 | 2.27 | 0.94 | F |
Filling phase results summary :
Maximum injection pressure (at 1.9532 5) = 31.2782 HPa
End of filling phase results summary :
Time at the end of filling = 2.3753 s
Total weight {part + runners) = 701.4841 g

Maximum Clamp force - during filling

132.68934 tonne

{\ AUTODESK.



Step 6 — Analyze (3D

Uelocity/pressure switch-over by %uweight reduction

1.

MWW NMNMMNMNMMNMNMNAMMANANN = e -

108.000

3.650e+81
1.763e+81
1.58%e+81
1.146e+81
8.254e+080
5.843e+80
4.149e+80
2.998e+80
2.242e+80
1.81%9e+88
1.674e+080
1.818e+80
1.912e+80
1.968e+80
1.992e+80
2.012e+808
2.851e+80
2.873e+080
2.183e+80
2.138e+80
2.156e+80

1.42e+02
1.18e+82
9.01e+01
7. 16e+81
5.3%e+01
4. 11e+81
3.35e+01
3.84e+01
3.80e+01
3.84e+01
3.87e+01
3.11e+81
3.17e+01
3.20e+81
3.22e+01
3.25e+01
3.27e+01
3.24e+01
3.24e+01
3.35e+01
3.32e+m1

| 479.376
I 6.0008
I 0.000
I 6.0008
I 8.000
I 6.0008
I 8.000
I 6.0008
I 8.000
I 6.0008
I 8.000
I 6.0008
I 8.000
I 6.0008
I 8.000
I 6.008
I 8.000
I 6.008
I 8.000
I 0.000
I 8.000

.44 | Filled|

T OO O oo TO [ Uo OO o [ T moC e [ T Io il T
| 1.422 | 69.300 | 3.259e+@81 | 7.42Ze+81 | 479655 | 6.48 | U |
| 1.478 | 71.1088 | 3.301e+81 | 8.11e+81 | 479671 | 6.65 | U |
| 1.503 | 72.695 | 3.319e+@1 | S.4he+d1 | 479661 | 6.69 | U |
| 1.548 | 74.549 | 3.345e+81 | 8.89e+81 | 479513 | 6.77 | U |
| 1.57% | 76.354 | 3.370e+@81 | 9.30e+81 | 479638 | 6.85 | U |
| 1.629 | 78.080 | 3.408e+81 | 9.87e+81 | 480127 | 7.82 | U |
| 1.647 | 79.219 | 3.421e+81 | 1.@1e+82 | 1480357 | 7.0% | U |
|  1.669 | 80.358 | 3.437e+81 | 1.84e+82 | 480092 | 7.09 | U |
| 1.702 | 82.007 | 3.461e+@1 | 1.88e+82 | 480069 | 7.15 | U |
| 1.788 | 83.610 | 3.485e+81 | 1.12e+82 | 480156 | 7.21 | U |
| 1.765 | 85.412 | 3.511e+81 | 1.17e+82 | 480113 | 7.26 | U |
| 1.818 | 87.023 | 3.553e+81 | 1.23e+82 | 480446 | 7.1 | U |
| 1.843 | 8B.604 | 3.577e+81 | 1.28e+82 | 480414 | 7.43 | U |
| 1.898 | 90.208 | 3.634e+81 | 1.38e+82 | 480.206 | 7.58 | U |

b B M e s B B M M e M e M M i Mt e M |
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Case Example — Correlation
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The Part — Oil Pan

30.0” x10.0” x 4.8”
762 X 254 x 122 mm

{\ AUTODESK.



The Part — Moldflow Model

3 00}

2.500[mm]
-

1.950(mm]
2.450[mm]

AUTODESKC: .- 2.500[mm]

SIMULATION  MOLDFLOWY®
INSIGHT

R Mesh Thickness Diagnostic [mim]

4.000 I

3.275
2.550
1.8325

1.100

144
37
41

SKED&C

www.ednc.com

{\ AUTODESK.



The Mold — Manifold Design

Hot Manifold:

Synventive 16E
Inlet = 16.0 mm
Main Bore — 16.0 mm

Nozzle Bore — 16.0
mm

Valve Pins = 6.0 mm

Gate Orifices = 5.0
mm

1
Scale (20 in)

{\ AUTODESK.
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Molded Parts — Achieved 11% weight reduction ===

Solid Shot MuCell Shot
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J<ED&C
Molded Parts

Full Shot Short Shot
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Solid Shot — Part Weight Results S

Total Part Weight

© 2015 Autodesk {\ AUTODESK.



MuCell Shot — Weight Results TED&C

VIP Switchover (By % Predicted Part Predicted Weight

Fill Time (sec.)

CLEEnt SealuEl e Weight (g) Reduction
2.0 11% 868.9 12.2%
2.0 15% 837.4 15.4%
2.0 20% 791.5 20.1%
2.0 25% 746.4 24.6%
2.0 30% Short shot

Calculated Reference Solid Part
Weight = 990¢g

{\ AUTODESK.



Pressure Prediction

Predicted — 6401 psi

Pressure at V/P switchover
= 6401.9[psi]

Scale (10 in)

© 2015 Autodesk

“<ED&C

www.ednc.c
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Bubble Radius Results

Trends

= Higher pressure = small
radius

= Higher temp = large
radius

S<ED&C

www.ednc.c

0.0250+

Bubble radiys, final:XY Plot

DI0200 P, W

L
-

0.0150—_

0.0100+

0.0050+

0.00%0

.0000

0.2000

04000 06000  0.8000
Normalized thickness

1.000

1.200
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Warpage — Molded Samples
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Predicted Warpage — (ASMI 2015)

(2] 05

-1.409[mm]
0.0361[mm]

0.0734[mm]

Deflection, all effects:¥ Component

Scale Factor=1.000

[mm

1.580 l

0.8057

0.0309

Scale (200 mm)

j% e

-2.088[mm]

SKED&C

www.ednc.com

ts: ¥ Component

Scale (2.00 mm}

Factor=1.000

[mm]
R03
l

1.382

Solid

MucCell
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Predicteo

L
Scale (400 mm)

MucCell
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Predicted Warpage — 2016 (3D) TEDSC

Deflection, all effect:
Scal

s:Y C
le

Y pone
Fa

om nt
ctor = 5.000

[mm]

2.502I

1239

-0.0240 I

-1.287

-2.550I
Z
6

51

Scale (300 mm)

MucCell

{\ AUTODESK.



Conclusion -

« & M bubble nucleation model & MuCell AIE A& 0
Lot S& 0l=0| JlsaotLt.

« Nucleation parameters = <0 et ZEO0| E2RE =+
AL,

e 3D Microcellular AlI2dI0|&82 A0 2t Mid Plane
ASdI0E BC M Alal =l A|ISdI0l&E Z2UE M =28




www.ednc.co




