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RHODIA : Six enterprises, leaders in their
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RHODIA Global presence

New polymerization
and Phenol capacities
in Brazil
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© Application & Technology
Development Centre

® R&D Centers

® Manufacturing Plant upstream

® Manufacturing Plant downstream
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RHODIA is the only fully integrated Polyamide 6.6 player

with a strong position in Engineering Plastics
2008 Sales*in €m
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TECHNYL polyamide matrix behavior

* Constitutive models of increased //
complexity : L /
/
_ /
e Elastic A /
« =f(temperature, strain rate) g /
7))

Strain
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ITEL‘HAM.“ polyamide matrix behavior

® Constitutive models of increased

complexity : "
* Elastic A S
* =f(temperature, strain rate) g
)]

* Elastoplastic
* = f(temperature, strain rate)

Strain
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® Constitutive models of increased

complexity :

* Elastic

« =f(temperature, strain rate)
* Elastoplastic

* = f(temperature, strain rate)
* Elasto-viscoplastic

* = f(temperature)

Stress

TECHNYL polyamide matrix behavior

£3> & ——za
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«Same modulus
«Same yield limit
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TECHNYL polyamide matrix behavior

® Constitutive models of increased
complexity :
£2> &4

Elastic

« =f(temperature, strain rate)
Elastoplastic

* = f(temperature, strain rate)
Elasto-viscoplastic

* = f(temperature)
Viscoelastic-viscoplastic

* = f(temperature)

- - &,

Stress

__‘é-1

Different Yield Limit

Different Elastic Modulus

Strain
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® Constitutive models of increased

complexity :

Elastic

« =f(temperature, strain rate)
Elastoplastic

* = f(temperature, strain rate)
Elasto-viscoplastic

* = f(temperature)
Viscoelastic-viscoplastic

* = f(temperature)
Yield surface dependant or not

* Tension = compression

* Tension<>compression

Stress

TECHNYL polyamide matrix behavior

Tension
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TECHNYL polyamide matrix behavior

® Constitutive models of increased
complexity :

Elastic

« =f(temperature, strain rate)
Elastoplastic

* = f(temperature, strain rate)
Elasto-viscoplastic

* = f(temperature)
Viscoelastic-viscoplastic

* = f(temperature)
Yield surface dependant or not

* Tension = compression

* Tension<>compression

Failure criteria
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Better mm®composite understanding.

MMI

ISO 527

Same material !

N
o)
Empirical coefficient
_ -~y Performance reduction

U, \/
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Current understanding without MMI MMI understanding with fiber orientation
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Better mﬂn-@composite understanding.

Empirical coefficient
Performance reduction

l

Absorbed energy = 100

CV

U
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Better mm composite understanding.

First Pseudo Grain Fallure at integration point

Apply failure indicators on
unidirectional composite

pseudo grain :

a Tsai Hill 2D strain
&, €ne€n &, 4gh
f\: ll_ I v o e
N\ N
/N

A micro-structure dependent
failure indicator !

A critical number of failed
pseudo grain must be
defined to activate failure.

QO?A ,‘t‘“':} 5 ."‘“.{ M al
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MMI ConfidentDesign : Data availability

=t
e

Avail

. &
18 C.DEMAIN - Altair HTC 2010 thOd’a



MMI ConfidentDesign : Rhodia offer in Digimat-MX

Fie Window Settings Mefp Dadaimes:
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Kumber of gades: [35 = Moumbes of files: [28 .o + o / |108r

Marerial Enplorer Data Exglore
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Trade Name Ilype IMM |lolc |u. lwnm ICnmm e LIGMAT Analyss Fres | | |
1 | TECHNYL A 218 V35 Black 34 NG Compovts PAGS  GF 035 RHODIA Pospamic Pokpamide 68, sintorced with 35% of glass flire, hest st Matris Mede }vm Im Ilt [Dm Creeted %cm =]
PR TECHAL A 21062 V00 Flack 34 M| Cimprsie [P2sk {03 [RHODIA odyamidPabamsde 65 citrforondl with 2% of ghens fiire, et o = e At e s -
3 | TECHNYL A JLEGE VIS Black 34 NComposte PAGS GF 035 RHODIA Polyamic Polyamide 65, rendorced with 25% of glexs fore, hest sts 234 elastic 140 % NO Ano-e-16 1412 MML ConfagentDesign |
A | TECHNWL A 2LBG V30 Natursl  Composte PASS  GF 03  RHODIA Polypamic Pobamide 55, reinforcad with 30% of glass filire, hest sty 2 elstic 160 30 NO 2010-08-16 1412 MM, ConfidentDesign
S5 |TEOHMNVLAAB VS0 Black 2L N Composte PAGS GF 05  RMOGIA Posyamic Polyamide 66, reinforced with 0% of glass fibre, hest it |3 elad NO N9-De-16 34 Shaa watna, for diffe
6| TECHNYL A 208 V20 Natural Composte PAGE  GF 02 RHODIA Polyamic Polyamide 66, seinforced with 205 of glass fibre, heet st | 26 theemoela 0 NO 2010-046-18 344 tau deitdengn | Theemo £l M, for difte
T TEOHNYL & 215 VA5 Maturad Composte PGS OF 015 RHODLA Posyamic Polyamide 85, reirforced with 15% of glass fibre, hest st |27 . !
B | TEOMVL A 218 V25 Natured Composte F266  GF 025 RHODLA Posyamic Patyamide 66, senforced with 25% of glass filire, hest st |38 NO. 2010-08.36 3412 L
5 | TECHNYL & 218 V0 Natunl Composee PASS GF 02  RHOOIA Polyamic Polyamide 68, reinforced with 30% of glass fbre, heat st |49 f e t
10| TECHNYL 4 218 V35 Naturl Composte PAOS  GF 033 RHODIA Potvamic Pobamide 68, resndorced with 35% of giass fibre, hest st Ed 4 pla e a3 al fitentOvegn - Bacto-plash
1| TECHNVL A 218 V40 Natunsl Composte P GF 04 RHOOWA Polyamic Polyamide 68, reinforced with 83 of glase fbre, hest st 3 12 plasticity 30 NO J010-D4-15 1412 MM1 ConfidentDesgn - Battc-plastic matria, Spectral mod
12| TECHNVL A 218 V30 Matund Composts PAGE GF 05 RHOOIA Polyvamic Pobyamide 65, ceindorced with 30 of glass flire, heat st Ed Jashach ’ - ¢ AML ConfidentCe G- plasth
E TECGHNYL A 216 VIS Natusad Composte PAGS GF 0215 RHODIA Podyamic Polpamide 65, minforced with 15 of glass Flire, for inje ﬂ ¥ w ‘ NO S0I0<4-16 34 frdentllessgn - Beta-plevh
14| TECHNYL A 218 V20 Natural Cemposts PABE GF 2 RHODIA Podyamic Polyarmide 83, seinforced with 20% of glass filire, fof inye | M plawnce NO 201 1881 AM fidentle
S| TECHNVLAZIS V30 Black 2L N Camposte PASE GF 03 RHOOIA Potyamic Polyarmde 65, reindorcad with 305 of glass filirs, for inge ’_3_5_ p € . no-plastic
AE|TECIVLAUNEVISBlack L N Composte PAGS GF 015 RHODIA Polyamic Polpamide 65, reindorced with 15% of glags filire, hast otu « | LrJ
J7ITECHNYL AIE V20 Black 2L N Composte PAGS GF 07 RHODLA Polyamic Polyamide 65, reinforced with 205 of gles filire, heet vty
B TECENLAAB VIS Rleck 2L N Composte PAGE  F 035 RHOOLA Podyamic Pobyamide 66, reindorced with 25% of glass filire, heat st Ve, 'l [T ,I Eiport.. ,J Opentn.. .I Ede. 'l Riguent Dﬂh] o
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M.M.I. simulation process
rhOdICI Unique advanced

Injection Moulding Slmulatlon |

~_. experimental database on Glass fibre orientation
mechanlcal behaviour
% \. Matrix, Fillers ‘
"f—,._f;;*__" . € Stream S stream
| . Mapping tensors
TR 'f Digimat-MX from Moldflow mesh

i =i Impact and Damage
- Material laws
= | Multi-scale modellmg

nnnnnnnnnnn

High level mechanical calculation

Static and dynamic / Impact / Creep
Ve

€ 1 &:1odia
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A new tool to get closer to structural parts



I Designed for multi-testing conditions :

Tension
Bending and Impact l

Compression

Torsion

. 4

» :
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I A multi gating design ...

L g
as
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... to get many different micro-structures

Aligned fiber orientation

. R, ) Diffuse fiber orientation with
weld lines

5 Gates

Ld
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Material
ISotropic approach

28

Technyl A218 V30 23°C EHO

Density (g/cm3)
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Young modulus (MPa)
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Material
MMI approach

viscoplastic with Basic FPGF
* Glass Fiber : Max strain used as FPGF Inputs for Tsai Hill 2D strain,
« Elastic Critical factor 0.85, no reverse engineering

Aspect Ratio

Weight fraction
Orientation on all the part /E il 8, WG

150 :

1

1

* Elasto-Viscoplastic :
1

1

|

1

1

1

|

1

1

1

|

1

1

1

* PAG6 Matrix :
* Fitted by M.M.I. ConfidentDesign approach 4

* Failure criteria :
* FPGF (First Pseudo-Grain Failure)
* Fast determination of FPGF parameters

0.000 0.010 0.020 0.030
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MMI beam
presentation of impact model

* Beam I |
I |
] |
|

PO X XX < X8

The sides were cut off

* Dynamic flexion test
Y Mass of 18 kg

« 3 m/s for 5 gates
« 4,8 m/s for 2 gates

. &
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MMI beam — 2 gates

correlation experiment / MMI
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MMI beam — 2 gates
correlation experiment / MMI

Failure at the same
time

Cunluur Flol

Yo MaERs(Eoala waloa, M)

—-2.023E-(2
t:.::JE—C:
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—1.ED)E~LZ

=—1.250C-(2
=—1.020C-(2

7.805E6-01
5.005E-01
E.‘ ENE-N
8 289E.02

- " r e
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MMI beam — 2 gates
Failure prediction

The failure area could be explained by the fiber
orientation

0.8750

0.6250

Transverse on stress Aligned on stress

—> Weak zone Diffuse  sow

34 C.DEMAIN - Altair HTC 2010 t’; ?"g {j‘ ﬁ



MMI beam -5 gates
Failure prediction
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MMI beam - 5 gates LR
Failure prediction e
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MMI beam — 5 gates
Failure prediction

|
The failure area could be explained by the fiber l
orientation Aligned

0.8750

0.7500

0.6250

diffuse

*
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MMI beam — 2 gates P
Force correlation lj
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MMI beam — 5 gates
force correlation

39
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Conclusions

* With a fast determination of FPGF parameters :

* \We obtain some interesting results in 2 gates case :
* Correlation in term of failure and force
* Failure related to microstructure

* The failure model is very promising

* To be improved :
* FPGF parameter

* Run MMl fitting process on FPGF parameters to get better value on transverse and shear !
* Material behavior

* Add hydrostatic pressure dependency (tension/compression behavior)
* Altair Hyperview

* Add the possibility to compute specific outputs of Digimat vs times (for example to calculate Von
Mises stress) and animate
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Q&A

ConfidentDesign
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