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Mold block (20
Maold material External heat transfer coefficients

| Use global setting in advanced options v | hther

Extemal heat transfer coefficients Heat transfer coefficient

| Sekct.. | Temperature

Air
Wom 2L [0:1e+020]
Initial temperature 277 C (-120:500)

Mame |Mold block (30) {default) #1

/| Apply to all entities that share this property
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» Autodesk Simulation Moldflow Insight 2013
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Experiment Simulation
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= CT Scan Numerical Simulation
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Moldflow / Structural
Software Interface

I 30 Autodesk
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rain In Moldflow direct

4 48179 f 2013_3d_fix_one_xy E=n ol

’
Nodal constraint

Hodal tram=lation
AMong X axis

|Fixed - |

Along T axis
|Fixed - |

Mong £ axis
|Fixed - |

Hodal rotation
About ¥ awis

|Fixed
About ¥ axis
|Fixed
About X axis
|Fixed

Uze constraint in |Stre55 and warpage analysis

Hame |Fixed nodal constraint

Apply to all entities that share this property

. W= | BE |
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SIMULATION MOLDELOW Sﬂﬂlﬂ [1 ["] ITIITI]
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Ready £ Logs Thermoplastics Injection Molding

| 31 Autodesk
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Proposal2: “mpi2abqg” or “mpi2ans” as command

Y Autodesk Simulation Moldflow Insight 2013 - [48179_F-2013_3D-freeXY]
% File Edit [View| Modeling Mesh Analysis Results Report Tools Window Help

= W Toolbars

= By L o .
== %yl Project
w4 =] Notes

& Layers Ctrl+L o
SREVAV
Tasks | Tools EA“ Pariels \‘A:b‘g‘.\

- 2 o T 11 P (AN T awavava AN
% Project “si Comma; B . AT, Vo S P R A AT #«%@Zﬁ%é‘.’% 7
% 48179_F-

T Model Display ’ Command Line

{ky Default Display...

mpi£abg

@ P S TEmE E

% Study Tasks : 43179 _F-2013_3D-freelY

v Part (48179_F-2013. udm)

v ’% 3D Mesh (1285640 elements)

¢ "% Fill + Pack + Warp

« 7 Gapex RPP20EVZSHE: Ferro
Material Quality Indicators

Environmental Properties o L0 =
v X1 Injection Location(s) :
£ .
¢ U7 Process Settings (User) - Interface to Abaqus
¥ i’i Optimization (None)
& Analysis: Complete
Logs* : -
el Please give output filename
Flow
Fill time
Pressure at V/P switchover

Temperature at flow front

Pressure at injection location:XY Flot
Clamp force:XY Flot
Density

Extension rate

Fiber orientation tensor

Flow rate, beams

Time to reach ejection temperature ’V1atena|_3D|

/| runner
VI New Tetras
New Nodes

Fized nodal constraints Auto de Sk®

SIMULATION MOLDFLOW®
INSIGHT

% 48179_F-2013_30-. . .[@]

Show/Hide command line PJIdEa®H Thermoplastics Injection Molding

— =

| 32 Autodesk
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Moldflow should produce the files as following

Data type

Finite element mesh data

Results data

© 2012 Autodesk

Filled model

input_name_mesh.inp
input_name_v12.xml|
input_name_v13.xm|
input_name_v23.xml|
input_name_g12.xml
input_name_g13.xml
input_name_g23.xml
input_name_ltec_1.xml
input_name_ltec_2.xml
input_name_ltec_3.xml
input_name_e11.xml
input_name_e22.xml
input_name_e33.xml
input_name_initStresses.xml

input_name_principalDirections.xml

33
3
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Proposal3: Run AMSA Analysis Wizard

Structural Analysis Project Autodesk Moldflow Product

Create or import model

VL Projector |_ [ —
Run AMSA Export Wizard = = ?ISTLfiles |~ T = => in?jrm”;?i;

!

Mechanical Run
Run AMSA Import Wizard €|~ = properties |& = == analysis with fiber
1 information filed material

Launch structural
analysis using
mechanical properties
information

© 2012 Autodesk 34 AutOdESk
4



Run AMSA Analysis Wizard

Analysis Wizard - Aut Analysis Wizard - Autodesk Moldflow Structural Alliance

Select Results Component - Results Matching
¥hich Autodesk Moldflow results type are you using? Double click on the component name to select the corresponding
Autodesk Moldflow result.

Autodesk Moldflow Results Type Structural Component Noldflow Model

Autodesk Noldflow Adviser

Q Autodesk Moldflow Insight

Structural Component futodesk Holdflow Model
esk Moldflow resulsJile: 3

cts\file\file.mcr| Browse. ..

Project: file

Model Units: millimeters

Associate moldflow models with structural

components.

© 2012 Autodesk 35 AutOde Sk
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Autodesk Simulation w/ AMSA
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BRET B 5

Fiber orientation tensor
=0.8339

Weld lines
= 135.0[deg]

[deq]

Autodesk’

MOLD FLOW® INSIGHT

Autodesk: '

MOLD FLOW® INSIGHT Scale (40 mm)
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Stress

wvon hdizes

Ibin"2)

u]

a
Time: 0 5 T @ 5
Time Step: O of 25 Time Step: 0 of 25
haximum “alue: O IBf(in2) Maximum Yalue: 0 Iffin®2)
Winimurn value: 0 [brint2) Minimum value: 0 Iafint2)

. . 0.000 0446 in 0.892 1.338
1 < Design Scenario 1 = 1 < Design Scenario 1 = [ I ] ]




Stress

von Mises
Ibf(in®2)
8704.085
7833677
5963.268
5092.86 -

7 Stress
5222451 von Mises
4352043 IbfAin"2)
3421624
2611.226 2123588
1740817 19112.26
870.4085 16988.68
1.93313e-006 14865.09

12741.51
10617.92
8404.338
6370.754
4247 169
2123.585
5.1304e-005
Time: 0.72 5

Time Step: 18 of 25

Maximum Value: 8704 .09 |bf/(in"2)

Minimurn Yalue: 1.93313e-006 Ibfi(in2)

0.000 Time: 0.64 s

1 < Design Scenario 1 >
Time Step: 16 of 25

Maximum Yalue: 21235.8 Ibf/(in"2)

© 2012 Autodesk Minimum Value: 5.1304e-005 lbf/(in"2)
1.372 2.068

0.000 0.686 in
1 < Design Scenario 1 > f 1 i




Stress
von Mises
Ibfi(in"2)

2123585
19112.26
1698862
14865.09
12741.51
10617.92
£494.338
6370.754
4247 169
2123.585
5.1304e-005

Time: 0.64 s

Time Step: 16 of 25

Maximurn Value: 21235.8 Ibf/(in*2)
Minimum Value: 5.1304e-005 1bf/(in*2)

1 < Design Scenario 1 >

© 2012 Autodesk

0.000

Stress
von Mises
1bfi(in"2)

20041.74
18060.37
16078.99
14097 61
12116.23
10134.85
8153.473
6172.094
4190.716
2209.337
2279586

Time: 0.76 s
Time Step: 19 of 25
Maximum Value: 20041.7 Ibf/(in*2)

Minimum Value: 227 953 |bf/(in"2)
0.000

0.739

1.478

2217

1 < Design Scenario 1 > f
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SIMULATION MOLDFLO W®
INSIGHT

Scale (500 mm)
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RFEHIEE,

© 2012 Autod Autod.esk

Thermal induced stress (von Mises)
Time = 5.465[s]

[MPa]

0.0098I

0.0074

3.086E-06

Autodesk



PREAT;

© 2012 Autodesk

=R

.

SIMULATION MOLDFLOW
INSIGHT

BB M

Mold deflection induced stress (von Mises)
Time = 0.0000[s]

[MPa]

02963.

0.1482

0.0000

S B B, B,

Scale (400 mm)

Autodesk



Clamp force: XY Plot

000 '
0.0000 5.000

© 2012 Autodesk 47 AutOde Sk
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Clamping induced stress (von Mises)
Time = 1.000[s]

[MPa]

16108.

e (S
Scale (400 mm)

© 2012 Autodesk 48 AutOde Sk




JISHEL --- BLEA

© 2012 Autodesk

A E

00 mm)

Number of cycles

= 1.000E+20

1.000E+20
7.500E+18
5.000E+19

2 500E+19

1 |51E+05I

49 Autodesk



Case Study (Moldflow warpage result)

Door handle moldflow free state warpage result.

Deflection, all effects:Z Component
Scale Factor = 3.000

[mm]
1.313 '

0.8857

. e R I W—
%.rtlg% Scale (500 mm)

INSICGHT

Autodesk

© 2012 Autodesk




Z direction
constraint

Y direction
constraint

X direction
constraint

© 2012 Autodesk 5 1 Auto de Sk
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Case Study (Assembly-based warpage by Pro

Put constraint directly on Moldflow to make warpage analysis.

© 2012 Autodesk

I )
Scale (400 mm)

Deflection, all effects:Z Component
Scale Factor = 3.000

[mm]

l].33[]2l

Autodesk



- -l alay =Y ! o LY = oY o a L= =~ = |
Case Study (Assembly-based warpage by Proposald)
Release residual stress in Mechanical first, then make displacement installation.

Displacement
Z Component
mm

0.5797514

0.1705172
0.03410573

-0.1023057

-0.3751285
-0.51154
-0.6479514

-0.72843628

Time: 2 s

Time Step: 100 of 100

Maxirmum Value: 0.573751 mm

Minimum Yalue: -0.784363 mm
0.000 143 684 mm  287.369 431.053

5<Design Seenarios> [

53 Autodesk
51



Actual installation results cornparison

Actual warpage tested by inspection tool :
Z direction deflection

= 1.25mm - 0.7mm(theoretical gap )

= 0.55mm

=»Proposal 3 result 0.58mm is closest to
actual result.

54 Autodesk
oA



Proposal4: From CAE to Multi-Scale

NA~ Al L. ~

Process FEA I Material Testing & Modeling Structural FEA

Injection Molding

r \
Auto de Sk ) oequs /7
s =
MOLDFLOWS® INS P:l:ltt'::l: SIMULIA

A o

Moldflow

Drapage

NANSYS

A‘;A Altair

<> Cve

get it right™

. «
o

Note: THi&igt 18 Rdtéxhaustive. The Logos are Trademarks or Registered Trademarks of their respective owners 55 SAMIECH ESk
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http://www.vistagy.com/index.aspx
http://www.altair.com/
http://www.esi-group.com/
http://www.samtech.com/

Need for composites Modeling ?

’ > - »
.....

Eridav Anril 12 2012 Convriaht© e-Xstream enaineering 2012 56



Not taking Microstructure into account...

FE-Code
Angle Strain-Rate Temperature
& Loading &
Element
Test Data.
Tension, Compression, Sheatr, ...
Postulated Material Models:
Elastic, Elasto-Plastic, ...
Material Simplified behavior:

© 2012 Autodesk

| | _ | | 57 Autodesk
Fridav Aoril 12 2012 Cobvriaht© e-Xstream enaineerina 2012 57



Accounting for Process«<>Material<>Structure

‘ Uniaxial Tension - Hyperelastic Inclusion

Injection Molding Machine - (

[ Material Processing \‘.. Material Microsturcure Material Characteristics
{1 * Molding: Injection, W] ° Chopped fibers 0 * Mechanical
edeocd  Compression,... “" » Continuous fibers: UD/Woven » Thermal
{ - Drapage, AFP, ... L - Nano, .. G « Electric, ...

Part/Vehicle Performance

. © 2012 Autodesk . . . . 58 Autodesk
Fridav Aoril 12 2012 Cobvriaht© e-Xstream enaineerina 2012 5Q



INjecti Opmbkizats

Fill tirne
=0.1152[s]

Dfa file : Tensors.xml - Layer.003, Displayed value : First eigen value Data file : Tensors.xml - Layer.011, Displayed value : First eigen value
0.623 0.750 0.876 : 0.610 0.741 0.672

A ULLOUC
I @- a a l aYalg
() [ ] olf A Al (YOI (1()




Thermoplastics anisotropic properties

O

/ I Exp - Aligned dum

<p Tronswusr d
a]
)

© 2012 Autodesk

| | | | | Autodesk
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Nonlinear Mutli-Scale Modeling

FE model

Element
Replace the usual basic material models by
Accounting for

Material * Local microstructure (AR, 0, w.f.)

Nonlinearity
Strain-rate dependency
Thermo-dependency

© 2012 Autodesk

| | | _ 61 Autodesk
Fridav April 12 2012 Cobvriahit© e-X<tream enadineerina 2012 61



Composites Is important in our daily

AUTOMOTIVE
COMPOSITES.
g

s
- - o
AN EXPLORATTION IO » /
OF PEVOLUNONARY CE /

AND NEW MATENALSIN

........

© 2012 Autodesk

Fridav Aoril 12 2012 Cobvriaht© e-Xstream enaineerina 2012 62



« Material Suppliers

= Plastics

= Composites

= Rubber

= Nano Materials

= Hard Metals, Graphite, Ceramics etc...

‘ ‘
,“‘
: 6

‘

-~

‘ ;
- 63 Autodesk
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= Material Engineers:
= To Understand & Optimize Material Behavior
= How to design/select the optimal material?
= To Reduce Material Testing (Time & Cost)

= How to optimally process the material?

= To Promote Material Usage and Support the Internal and Exter

Users of the Materials

Safety Systems & Interior

Seating Systems

Airbag Door Systems

-

Radar Systems

7 PN Safety Restraint Systems Materi Isupp“er W{m Material User w&):rl

Fibers for Carpets & Interiors

© 2012 Autodesk — @ﬂ' AutOdESk

2012 DIGIMAT Users’ Meeting
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= Material “Users” (OEMs & Suppliers
= Automotive

Aerospace

Consumer (Electronics) Products

Defense

Industrial Products

Medical Devices

Others ...

© 20



= Material “Users” (OEMs & Suppliers)

= To Understand & Optimize Structural Behavior
= How to design the optimal component?

» To Reduce Component and System Testing (Time & Cost)
= How to optimally process the part to meet the requirements?

= To meet regulations and increasing constraints
= To maintain leadership and reduce time-to-market

2012 DIGIMAT Users’ Meeting Y7 ﬂu'-UU-CDk
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FEW EXAMPLES ...




Mechanical: Young’s Modulus

Jantuiarv 2012 Coonvriaht© e-Xstream enaineerina 2012 690



Mechanical: Non-linear Stress-Strain

OfFexp
—— ] 5%Fexp
30/Fexp
45%Fexp
60Fexp
90%Fexp

0? Digi

* 154#Digi
30/#Digi
45/ Digi
60#7Digi
90/#Digi

© 2012 Autodesk 7 O
Jantuiarv 2012 Coonvriaht© e-Xstream enaineerina 2012 70




Roof System Bearing: Local Stiffness

Bearing. Simulation Results of Local Load Case

Ticona

ArvinMeritor
3] L “ T
.,-a""""d#
51 N _ DIGIMAT
/ '
= / P / s - Test
E 2] _ 4 g - f(/r"
IE 15 / > /.‘:’f.'
// / o '
/ / - - - -Test avaraged
10 1 // - Mat lin. isotropic —
/ A Mat lin. isotropic 0.6 red.
5 // ~——— Mat nonlin. isotropic -
i i —— Digimat nonlin. aniso
ij- LN B R R S "'IIII[IIVII"!'II
U 0.2 0.4 b 0o 1 1.2 1.4 1.b 1.8 2

© 2012 Autodesk

Digimat Users® Meeting 2009, October, 21 - 23

Deflection [mm]

9 Celanese



Roof System Bearing: Global Stiffness

Bearing. Simulation Results of Global Load Case Tlcona

Results very sensitive to boundary conditions

- T| Fiber orientation in X direction (| Fiber orientation in Z direction |

. Test

“~ DIGIMAT

- - - Test

Mat lin. isotropic

Mat lin. isotropic 0.76 red.

Mat nonlin. isotropic

— Digimat nonlin. anisotropc
| |

B ‘ 10 12

Displacement [mm]
© 2012 Autg A
AN 13 Digimat Users’ Meeting 2009, October, 21 - 23 J Ce I anese




Trelleborg/Engine Mount

Cascading mass saving to engine mounting system:
FIAPLAST program launched in 2007

-~

»
2

Mass: 1 180g

Loading conditions:
Static
Fatigue
Crash

R——
\ 7/
'\T;{Kf."'

IRELLEBORG

© 2012 Autodesk . Auto de Sk
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Trelleborg/EngineMount: Sim Method

| Autodesk



Trelleborg/Engine Mount: Results Validation

Testing conditions
Water content: RH50
Temperature: 80°C
Testing speed: 10 mm/mn

~

|

Ni7777
15 3102011 TRELLEBORG

\1/ 4
\AAL/
© 2012 Autodesk

. . .




Trelleborg/Engine Mount: Conclusions

An industrial FEA procedure accounting non linearity and anisotropy of
PA6.6 GF reinforced is available.

Good correlation FEA/test achieved for static and fatigue

Part availble for mass production

Mass: 710 g
Cost: -15%
Start of production 2012

Crash simulation validation (on going)

Life duration prediction development: DURAFIP \//74
IRELLEBORG

© 2012 Autodesk
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Lower B Pillar Insert

= Part size : #600 * 170 * 85 mm
= Thickness : from 2 to 5.2 mm

= Part weight : 2.4 kg
= Material : PA6GF35

Dr. F. Braymand, L&L Product®

“Improved Physical Property Prediction of Short FRP”
(Session 5)

© 2012 Autodesk
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Lower B Pillar Insert: Crash & Failure
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http://www.pochem.co.jp/jpp/index2.html
http://www.ikv-aachen.de/english.html
http://www.kspg-ag.de/index.php?lang=2
http://www.xperion.highend-composites.de/
http://www.ceramix-ag.de/
http://www.nitto.com/index.html
http://www.nikon.com/index.htm
http://www.canon.fr/
http://www.shopping.hp.com/webapp/shopping/store_access.do?template_type=storefronts&landing=esp&category=Notebook
http://www.pourbansystems.com/
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