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CAD: Computer Aided Design

CAE: Computer Aided Engineering (Analysis and Simulation)
CAM: Computer Aided Manufacturing

DMU: Digital Mockup
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[1] China's target reflects gasoline vehicles only. The target may be higherafter new energy vehicles are considered.
[2]1US , Canada. and Mexico light-duty vehicles include light-commercial vehicles.
[3] Supporting data can be found at: http://www.theicct.org/info-tools/global-passendger-vehicle-standards.
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Automotive aims to [ by Rita Simone
Car

The Ii
revolu |on

reduce car weight.

This trend is conditioning
plastic field to develop
new materials and
technologies

The light plate holders for Audi A7 were made
from a special plastic developed by Bayer

PUR-RIM bumpers
and body parts in
and PC headlights

htweight

Toshiba Machine
has developed an
in-line process for
the fabrication of
laminate structures
in preformed
carbon and
overmoulded with
thermoplastic
compound
filled with
carbon fibre
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3 Cost Structure Improvement (Platform Integration)

Platform integration will reduce development cost and realize greater economies of scale per platform.

Platform Integration
Integration Schedule Reduction of Model Development Time
2002 2009 20m 2013 M
Integrated Platforms 0 ) b b
Total No. of Platforms 22 18 11 6
Total No. of Models 28 32 36 40
2002 2009 2013

No. of Models per Type of Platform Increasing portion of models with integrated platform

-

Small

Mid-size Large Coupe Frame SUV

Source: Company Data







Trends and topics covered for today

Light weight:
Fiber reinforced
Structural
Foaming materials

Quality and Appearance:
Variotherm
Conformal cooling
Hot Runner

Novel Process
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Engineering definition
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view

Customer Ideation

Product Theme

plant, process development

Engineering

ity Concept

System design
: Preliminary

Sub-system design

Component
Component detailing

Implementation

- Manufacturing
o O T _

Closing the feedback loop between product and production

Source: Siemens HD-PLM

Hot issues

> Product/Production integration

> Synchronized, cross-domain product development
> Digital manufacturing and design innovation

> Simulation driven product development
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Figure 2—Nissan’s PLM Concept: “Empowerment by PLM”
(Courtesy of Nissan)

Reduce the development cycle of styling to SOP(start of processing) from 21 months to 10.5 months ...

... included a sizeable budget for purchasing and implementation of PLM-enabling technologies (e.g., CAD/CAM/CAE/CAT and
PDM, and the necessary hardware)

Source: CIMDATA (April 2008)
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Integrate CAE in the SOP of product development
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> Flow/Pack optimization

> Cooling optimization

> Part warpage optimization

2. Build Mesh

3. Determine Material -
ons .

4. Determine process

5. Run Simulation

1. Determine gate number and location

2. Determine gate type*

3. Determine Runner Layout and size*

4. Build Mesh

5. Select Material

6. Determine process conditions

7. Run Simulation

8. Check the filling/packing issues

Are all the
criteria fulfilled?

8-1. Will the part fill?

8-2. Is the flow balanced?

8-3. Where will the weld/melt lines be and how is
the quality?

8-4. Will there be any air trap?

8-5. How large is the maximum stress level?

8-6. Is the clamping force too large?

8-7. Are there any hesitation or racetrack issues?

8-8. How significant is the viscous heating effect?

8-9. Is there an over-pack issue?

42

Moldex 30,

4-3. How large is the residual stress in the part?



Orientation to Structural Modeling

> IMAX process (GM RD)

IMAX Process

Geometr T
Process d . Micro ||
Conditions S Mechanics
 Material ~ Models
 Improved ~ Properties  Failure
. Models  Criteria

Structural

Simulation Analysis

+
} Dimensions
R R Stiffness
Mold Filling ~ Morphology Strength
(Temperature, Pressure,  f----——----- >| (fiber orientation, Impact
Velocity as a Function of s Creep
Time & Location) _ crystallization) Fatigue

Source: Pete Foss, GM RD, SPE ACCE
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Collaborative Product Development

Product & Part Design

Design
Engineers

Esthetics, functions, mechanism..

*  Moldex3D ¥

Process Optimization MOLDING INNOVATION Mold Design & Tooling

Process Mold
Engineers < ........................ > Engineers

Moldability, process window, Ease of processes,
efficiency, quality... least scrap...

14 Moldex3D



CAE to Help Achieve Light-Weighting

15

> a 10% reduction in vehicle weight can result in a 6%—-8% fuel-
economy improvement

Metal replacement (Plastic Composite)
Thinner material

Lighter material

Consolidation of component

vV V V V

> “Utilize CAE methods to minimize part, tooling and process
maturation” by Pat French, Honda NA Engineer Center

Moldex3D



Applications of Moldex3D in Ford
Interior

16

> Moldex3D has been running consulting project with Ford on a daily basis

- Door Handle Bo Sunglass Case | Gear Box Panel

Moldex30e



Sink mark problem imporvement

Packing_Sink Mark Displacemeant
%10 -2 [mne>

I 36 | Original

3.7

3093

— 2840

— 2587

— 2333

Gate location change

2080
1827

1573

1.320 Gate location + lower Mold temp] (60°C->50°C)

1.067F

0.813

0.560 Gate location + Thickness change

0307

0053

i Sink mark reduced
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Welding Line Problem Improvement
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> Optimizing the runner system to move the weld line to acceptable
location.
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Warpage Problem Improvement

> QOptimize the runner/gate design and process condition
> The warpage is improved by 30%

Original Revision
-1.186 mm ~ 3.026 mm -0.999 mm ~ 1.910 mm

MeldexiD Moldex3D

Warpagn_7 Displacomast

PEEEEEEEEERGEFEGI
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Application of Fiber Reinforced Plastic Composite

20

“Currently, plastic materials represent only 10 percent of the weight of a typical passenger vehicle”



Predictive Engineering Tools For Injection Molded
Long Carbon Fiber Thermoplastic Composites

21

Model development and integration
Prediction and validation
New model implementation

LCFP Instrument Panel

Experiments *’RIDGE Ec:mlcmw ﬁ;\s\llﬂomp Production @
Carbon fiber orientation distribution System specification

Carbon fiber length distribution Weight and cost saving analysis
Material preparation Technology implementation

Molding Demonstration part to production




Long Carbon Fiber Thermoplastic Composites
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Fiber Orientation Tensor Component

in the Flow Direction

b

Figure 1. Skin-Core-Shell structure of fiber reinforced injection molded thermoplastics.

Injection-molded SFT Injection-molded LFT .
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Utilization of Orientation Data

23

> The orientation information can be used to predict
— Shrinkage and warpage behavior
— Mechanical properties
— Other anisotropic properties

Moldex -
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Orientation to Structural Modeling

24

> Advanced material characterization (Ford Interior Engineering)

COMPOSITES

Materials characterization: Faster cheaper, better

Jeff Webb, CAE Manager
Ford couples commercial codes to analyze auto interior parts more accurately.

With the new Ford procedure, the initial CAE analysis is
performed using what the company calls its Material Data Cards,
which are said to incorporate complete advanced
characterization of key materials used in its vehicle interiors.
These proprietary data (developed by Ford using internal testing
resources and outside contracted testing facilities) are fed into a
commercial mold filling code, such as Moldflow or Moldex3D.
This preliminary analysis gives a design direction — that is, it
helps set wall thicknesses, indicates where additional structures -
(e.g., ribbing) might be needed to boost stiffness, etc. I

Source: composites world 2012.Aug

Moldex3D



Moldex3D FEA Interface work flow
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Maoldex3f

Moldex3Dd Filrg it O st ()

Mol frental ASE e Y

Melt flow

Fiber Orientation

Structure Analysis

Fix the pin slot Moldex3D

Apply a force on
the Pedal

Moldex3D



Structural Performance Evaluation:
Ideal vs Reality

26

Displacement

isotropic

anisotropic

0-50 mm range 0-100 MPa ranie



MuCell® + LGFPP Instrumental Panel

27

MuCell” Processes
MuCell Technology Helps Ford Win the Grand Award at the 41 SPE Automotive EML ]
Innovation Awards

Filling_Melt Front Time
10 0 [sec]
—r g 2.511

2.344

2176
2,009
1.842
1674 Ji;
1.507 =
1339
1172
1.005
0.837
0.670
0.502
0.335
0.168
— 8 g.000

. i 344
269
2.0 oo 300.0 mm

150.0

Livonia, Ml & Wilmington, MA, Nov. 9, 2011 — The Society of Plastics Engineers awarded
Ford's use of the MuCell process the Grand Award at the association’s 41 Auto Innovation
Awards Competition, held November 9™ at the Burton Manner, in Livonia, MI. The instrument
panel was originally entered in the Process/Assembly/Enabling Technologies category. By
creating the instrument panel structure for the new Ford Escape in microcellular foam, weight is
reduced more than 1 Ib, mechanical properties are improved, molding cycle time is reduced
15%, and molding clamp tonnage is reduced 45%, saving an estimated $3 US / vehicle vs. solid
injection molding.

Moldex3D



Component Consolidation

28

> Reduce the weight of automotive components through
consolidation

Current Spec | | Consolidated Spec |

A vy

<Weiaht merit>

Source : Pat French, Honda NA Center, Cars of the future 2012

Moldex3D


evernote://view/865708/s8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/
evernote://view/865708/s8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/
evernote://view/865708/s8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/
evernote://view/865708/s8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/
evernote://view/865708/s8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/
evernote://view/865708/s8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/
evernote://view/865708/s8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/
evernote://view/865708/s8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/
evernote://view/865708/s8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/02f6a942-db22-4c61-9f4a-6dea3512d6b8/

MuCell® + LGFPP Instrument Panel

> Cell Structure

Filling_Cell Size

210 0 [um]
— g 135.964

—

Moldex "

3
%

2450

29

on

150.0

Filling_Cell Density
10 4 [icch -
— g 178.516

166.615
15471458

142.813
130.912
119.011
107.110
95,209
83.308
71.407
59.505
47.604
35.703
23.802
11.901
— = p.000

580 0o 300.0 mm
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MuCell® + LGFPP Instrument Panel
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Sprue Pressure (Mpa)
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Clamping Force (Ton)
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Time (Sec)

P

8

=8 Solid part
== MuCell part
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100.0

Part Weight [g]-

Max. Clamping

Force [Ton (m)]-

x-Displacement
[mm]-

y-Displacement
[mm]-

z-Displacement
[mm].

Solid Part-

2724.2.

1579

11.37.

15.69.

8.27.

MuCell Part-

2446.9.

699.5.

3.81-

6.87.

)

5]

r2

Part dimension: 644.5%1415.8%562.4 (mm)|

Table 1_Comparisons of simulation results from
conventional injection molding and microcellular
injection molding. Weight reduction: 10.18%.



Structural Performance Evalation of MuCell part

> Workflow for Mucell part structural performance evaluation

€/ digimat Moldex3D
— FEA
- &

[ Measurements ] Structural analysis EREXEIL “

ole curves

35+

l —VF 0.00

Material Model

stress

Volume fraction ..

7 N

0
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055 0.06 0.065 0.07

strain

I

Mapping [ Moldex3D / MucCell ]

—> Structural mesh Data on processing mesh

3© copyright e-Xstream engineering 2012 Moldex3D



Electric Car of GM : Chevy Volt

32

+ BATTERY

4 Extanded Range Mode

Chevy Volt

Source: Composites world

Moldex3D



Chevy Volt Battery Frame
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Moldexay

st Traperate.

Temperature comparison

Chevy Volt Battery Frame

Source: BASF's website Total Displacement x20
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Thank you for your attention!

CoreTech System Co., Ltd.

MOIdeXSD . www.moldex3d.com
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