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Experience In Simulation for over 50 years
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MSC Strategy Moldex3D
Simulating the Complete Product Engineering Process
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Moldex3D

CAE Specific Direct Modeling and Meshing

Apex Approach:

o Geometry edits done
INn moments

B Surface Direct Modeling and
Meshing, vertex/edge drag,
mid-surfacing, surface extend,
surface split

B Solid Direct Modeling and
Meshing, push/pull, geometry
repair

* Meshing

m 1D, 2D, and 3D,
Feature Base Meshing
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The Growing Importance of Materials

3rd Party DB's

Test Data Fit/Excel

Material Center
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¢/  Digimat
Multiscale CompositémUretingiatiotfir =

> A unique solution to simulate multiple types of mat erials

Long Fiber Thermoplastics _ _
e e Woven & Braided Composites

A

Short Fiber Reinforced Plastics

Hybrid Composites

&

Mucell

7\ BRI

Carbon Nanotubes

Unidirectional fiber DFC

sandwich panel




Motivation for Multi-Scale Modeling
Reinforced Plastics: Fiber Orientation

Moldex3D

Fully aligned flow

Flow lines
Weld lines
N\
I
é 2 Data file : Moldex_Projekt_Platte0l.02d, Displayed value : First eigen value
0.357 0511 0.665 0819 0.972
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Motivation for Multi-Scale Modeling

Reinforced Plastics: Fiber Orientation
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Motivation for Multi-Scale Modeling
Reinforced Plastics: DIGIMAT

> The mechanical performance of the part depends on
» the orientation of the fibers relative to the loadi ng type and direction.

« the non-linear, strain rate dependent thermo-mechan ical behavior of the resin

> Fiber orientation in the part is governed by the manufacturing process.

> Accurate prediction requires a solution allowing to capture the effect of
the fiber orientation on the performance of the res in.

©ftream DIGIMAT
: The multi-scale material modeling platform

‘ DIGIMAT
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¢/  Digimat

Multi-Scale Modelinna Technoloav

> Prediction of Non-Linear Anisotropic Macroscopic behavior from
constituents properties and microstructure

Input Homogenization Output
o| =] matix e * 4
o — ke ' " & %
* W[%i B Strain 11 ‘
v Semi-Analytical method v" RVE Direct Analysis method
v" Mean-Field homogenization ™ v Full-Field homogenization
* Eshelby based - i * Build the accurate RVE geometry

* Mori-Tanaka ’
 Double inclusion ~
e Fast model preparation/solution ¢

e Compute it by FEM directly

8% pftware:



Multi-Scale Modeling Technology

Fiber orientation Digimat Material Model Structural FEM

Moldex3D M&bQ.m,mDigimat .  MSCNastran
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Digimat to FEA
(local anisotropic)
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Multi-Scale Modeling Technology

This loop is repeated for every element and
increment of the analysis

\
\ A

\ N —> pe —> 7807 ——> FEACAS
Y 1 . . Digimat

Element Id
Integration Point ID

Ae 7

4

Digimat computes

Fiber orientation « Material Stiffness matrix
Element ID, Integration point ID ———> +
Ao

Micro/Macro theory
5 6 Mean-Field
Homogenization
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E}C Digimat Moldex3D

Material eXchange Platform

> Best in market public database directly filled by the m ost important
material suppliers in the plastic industry
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g‘ﬁ Dlglm at Moldex3D

rom Material Microstructure to En roduc
Performance

Engineering of O-omposne ramns &
Virtual Characterization of Systems
4 material.coloons -

(J
Speed-up the development
of new material systems
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Customer Applications
& Success Stories
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RENAULT - Front End Carrier

Moldex3D

Impact of method for material models on mass of final design

Material
- PP LGF
Designing for
- NVH
ISOTROPIC DIGIMAT
PP-Matrix : E= 1500 Mpa/ nu =0.3
Homogeneous isotropic
_ Fibres : E = 72000 Mpa/ nu =0.22
E = 5450MPa Volume Fraction = 19.46 % (40 %
2 methods Weight Fraction)
nu=0.3 Aspect ratio : 100 (Long Fibers)
<Lsgream




RENAULT — Front End Carrier Moldex3D

Design results

for equivalent simulated performances

Q0 /

80

70 / FAT ISOTROPIC
2,798kgs

Eigenfrequencies 50 {
(Hz) a0

30 / FAT DIGIMAT

2,409kgs
Mode id
ISOTROPIC method DIGIMAT method
- 0,398 kg
Mass: 2,798 kg Mass : 2,409 kg
-14 %
%

Copyright 2014 e-Xstream engineering 20



RENAULT — Front End Carrier Moldex3D

Q7 RENAULT

/ = ——FAT ISOTROPIC
/

2,798kgs

FAT DIGIMAT

2,209kgs
Initial mass (kgs) 2.798 part designed with isotropic method B I ac k M etal Vs
final mass (kgs) 2.409 part designed with DIGIMAT M ic ro- M eCh an i CcS
lightweighting per part (kgs) 0.389 initial mass - optimized mass .
lightweight ratio (%) 14% (optimized mass - initial mass)/initial mass Ldaacstf)fazv I1n4.g°/o
number of part per car 1 a car contain 1 front end carrier
mass saved per car (kgs) 0.389 nb parts per car * lightweighting per part
number of car peryear 306006 number of clio lll in 2011 (source Renault)
mass saved per year (kgs) 119036 mass saved per car * number of car per year
material cost (€/kg) 3.5
Material cost saved per year (k€) (416.63 mass saved per year * material cost

&L stream
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FORD: Air duct - stiffness

Contour Plot

Displacemeni(Mag)

Analysis system
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FASTER, CHEAPER,

FORD: Air duct - stiffness

Materials characterization

Ford couples commercial codes to analyze
auto interior parts more accurately.

ne of the more imeresting entnics last Gl m the 41% anzal
Society of Plstics Engineors Automctive |nmowvation
Aorards Competition wasnl 2 part at all; 2 was 3 maternls
characterizaticon process. Ford Motor Co's (Dearbomn, Mich ) engi-
neering group developed it for modeling and predictive analysis of

dcmmmﬂuhtco“uﬂawnm-dm
o imp analytical modeling and prove-oat

BETTER

0 ly, plastic tals rep only 10 percent of the
weight of 3 typacal passenger wehicke” says Jetf Webb, interior tech-
nical leader in Fords North American Exgineering - Cockpit and
Trim Integration op “Atiempts o that p m
mmucmmwammww
to revert back to steel, later on, for cost savmps”

Becuuse the vast majorzty of mierior comp are th L
mmbumdﬂn‘smﬁqmddmmo&d
from these matenals and analyze thor performance. These mckade
bd:ddnc}ymcﬁdmxdlammmmm
dependent stram b temsion and shear; em-
mmﬂwmmfmcww
for ghss remforced matenals, beause the high-presure injoction

ofpm;mold:d(mn:ﬂmbu inforced the plastics by

mjection, blow, microcdlular- foam or compresson molding. This
enables engineers 1o desgn mterior parts doser 10 their materialy’
theoretical lmits, achicving a 10 1o 20 percent mass reduction. This
mproves fucl economy, reduces greenhouse-gas emismons, yidds
a5 10 15 percent matenial cost reduction (sveraging $10 USD per
vehacle) and sives as madch as $500,000 i testing costs pef peogram.

Ford also anticpates 2 not-yel-quantified reduction = coatly late

iding proces onents hagh-aspeat-rato Bllers in the directon of
mek fow into the ol

OLD WAY VB. NEW WAY

Formerly, the modding process for 2 thermoplastc part began with
the supplicr’s datashoet, which nearly always reported momstonic
(single-point) propertics measured solddy = the flow direction.
It assumed that propertics were isotropic in the cross-flow direc-
tion. Unfo ey, stadies had long shown that with shon-glas-

Fard engineers used the now prooss o andlge. ———
the ifhas o regeter vaes on the 2011 -
Explorer SN (ks shosn ot nghtl. The
ashpas tha mode wen of 2n wresctropy correcte
va [hpmat sokacrs to predt fber orentate »
the frected part prowdid the bt corelten =
ol mecmnidata. @

remforaed materials, this was not the case
— walues measured at 90F to the flow could
be a3 much as 60 percent lower than valuces in
the flow Lning datash,
Mmﬂdhndbmchapmzmm
of mechanical propertics across 2 part, parti-
wlarly one with great geometric complexity. So
an engincer ather bail in a big sakety fictor
(eg- thicker wall sections, whch added to )
pcfmannd\m;wuamdluthe

time. ive make-and- .
mmawmwm
Semilarly, everyone kmew thal despite the
monolonic datasheet valucs, the actual materials were straim-rate,

P and kad & dent. So if an eng wa
ho-xpm-uxhbduaclla&udhmmmmm
or load than was wed 1o measare propertics on tast specimen via 3
standard 150 test protocol, there was no direct way to pet the value
needed 1o plag into analyss software.

Danng the mad- to late 1 9805, GE Plastics (now SABIC Innova.
tive Plastics, Prttsfield, Mas ) measured properties in both flow and
cros-flow drections over a beoad range of iemperatures, loads and
srain rates. Rather than report propertics as a single data pomnt, GE
g s built an datshase with thousands of data potsts
each for hundreds of the company's iaks. They Blod the
data in a program called the Engnecring Design Database (EDD).
Pmmalgwﬁmm&dnwbmwm
olzte from the d data to ¥ ng propertics
different conditions. This peovided a much more realistic number
that coald be plogped direcily imto stroctural analyss software.

The system worked well and was the best option avalable 2t the
time, bet it was accessible only to someone who wsed GE maternals
Foe everyone dse, the process mvolved guestomating how 3 thermo.
plastic muerial mnght behave under real-world conditions, which
rarely were the same as perscribed under standardeored test proto-
cols. This information was fed into 2 tructural analysis code, and
parts were makded and sabjected to mechanical testing: this hikdy
Jed 1o coatly and tme-intensive desgn changes, whach were imple-
mented m the mesh or sobd-modd CAD data and then reprocessed.

With the new Ford procedure. the initial compater-aided engi-
neoering (CAE) analysis is performed using what the company cals
s Material Data Cards, which are s2id to incorporate complete ad-
vanced charactereation of key materials used in s wehide inten.
ors. These proprictary data (devdoped by Ford usmg micrnal et
mg resources and outside contracied testing facittics) are fed into
a commercial moldiiling code. such as Maoldiow (Autodesk Inc.,
Framingham, Mass ) or MoldX3D (CoreTech System Co. Ltd, Cha-

[

pei City, Tazwan). This preliminary analysis gives 2 desgn divection
—Umnﬂhdpuvﬂlth&mn:h:mukmd&tmﬂ
ng) might be needed to boost stiffness, eic.

= materuls and
cpedbycl(nmms»\(lmh-\lmc deun)

mmn&mlﬂufmﬁhwm:ﬂdwﬁm-
hncar structural asalysis codes, sach as Abaqus (Dassaudt Systémes,
Véixy-Villacoablay, France) o LS- Dyna (Livermore Software Tech-
nology Coep., Livermore, Calif), which are used to help optimize
part design and process scttings. (hanges mdicated during this sep
are fiod back into the CAD data, and ancther seration 1 completed.
Webb says these amalysis tools can predict crack propegation,
bogh strain.rate beh P crecp and more
with greaer acowray. fmhcr.ﬂmnﬂpmmcw-n&sm
robust tool Inckatf and vehack launches with fewer glitches m previ-
cudy problematic areas. This means that Ford will ase moer rein.
forced plastics on wehides and do w0 more succesfully | CT |

CONTRIBUTING WRITER
Peggy Malnati covers the atomative and

mications services for plastic.- and composites-
ndustry chents. peggyecomposilesworld com
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id this 37102 0% | Bpnhin Gncu R C onWwininid

infrastructure beats for CT and provides commu-
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Performance: Airbag Housing Strength in Deployment Moldex3D

Force (N) ~Test 1

8000 - —Test 2
—Test 3

~—FT Hybrid dof
—FT Hybrid xml
6000 ' —RSG Hybrid xml
—Moldex Hybrid 02d
Isotropic DSM

4000 -

2000 -

0.0000 0.0005 0.0010

DSM: it occurs in the hooks
heads, like In the test

The failure with Digimat
HYBRID 441 occurs In
hooks heads, like in the test
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¢/  Digimat Moldex3D
Digimat-RP/Moldex3D: Fiber EStimation

> Fiber orientation estimator powered by Moldex3D
> Limited user input requiring no injection simulation expertise

'
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Conclusions & Discussions

> E-Xstream engineering develops & commercializes
DIGIMAT

« a complete material modeling solution for fast and accu rate FEA on
composite and reinforced plastic made parts

B For most types of microstructures : short fibers, lo ng fibers, continuous
fiber (UD, Woven, braided...), discontinuous fiber compos ites, mucell...

W For all types of performances (stiffness, NVH, cras  h, fatigue..)

B With all the major FE solvers of the market : Nastran, Marc, Abaqus,
Ansys, Pamcrash, Radioss...

B Taking into account the local stiffness behavior related to the local fiber
orientation tensor of the material by mapping fioer OT field from a donor
mesh (most of time, the injection simulation mesh) on to the structural
mesh

Msagoftware“



Moldex3D

Thank You

MOLDING INNOVATION



