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RHODIA Global presence

New polymerization
and Phenol capacities
in Brazil
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Continuous cost improvements
in Europe and mature markets
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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

‘?hodia _—

5

Ascend [ ]
BASF ]
Asahi [N

Radici l
Kordsa
CSM
Liao Hua
Toray
6 1600 2600
W Intermediates MW EP Fibers

* Rhodia estimates
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MMI ConfidentDesign

Powered by DIGIMAT

The TOOLS, The DATA and The EXPERTIZE that you
need to develop optimal polyamide parts.
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TECHNYL polyamide matrix behavior

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

Strain
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I TECHNYL polyamide matrix behavior

* Constitutive models of increased
complexity :

* Elastic

* =f(temperature, strain rate)
* Elastoplastic

* = f(temperature, strain rate)

Stress

Strain

o COEMAN-LSDYNAZOT ‘?hodia



TECHNYL polyamide matrix behavior

* Constitutive models of increased
complexity :

A : ¢ :
. - - 82
* Elastic a - &
* =f(temperature, strain rate) g
Up)]

* Elastoplastic

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

* = f(temperature)

«Same modulus
*Same vyield limit

Strain

. L ]
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TECHNYL polyamide matrix behavior

® Constitutive models of increased

complexity : \
£,> &
* Elastic a o,
* =f(temperature, strain rate) g
* Elastoplastic wn
* = f(temperature, strain rate) - - &

Elasto-viscoplastic
* = f(temperature)
Viscoelastic-viscoplastic
* = f(temperature)

Different Yield Limit

Different Elastic Modulus

Strain

. L ]
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I TECHNYL polyamide matrix behavior

® Constitutive models of increased

complexity : 4 Compression
* Elastic a -
* =f(temperature, strain rate) g Tensi
& ension

Elastoplastic
* = f(temperature, strain rate)
Elasto-viscoplastic
* = f(temperature)
Viscoelastic-viscoplastic
* = f(temperature)
Yield surface dependant or not
* Tension = compression
* Tension<>compression

Strain

. L ]
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I 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

. L ]
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Better TEHNYL composite understanding.

MMI

ISO 527

Same material !

ol
l Empirical coefficient
_--.Y Performance reduction

Lyl i \/
>
N
—

Current understanding without MMI MMI understanding with fiber orientation

>8 > e
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Better TEHNYL composite understanding.

MMI

ISO 527

l Empirical coefficient
Performance reduction

Absorbed energy = 100

CV

U
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Better mm composite understanding.

First Pseudo Grain Failure at integration point

' '
N

v
\ 4

17 C.DEMAIN - Altair HTC 2010

Apply failure indicators on
unidirectional composite
pseudo grain :

Tsai Hill 2D strain
&, €n€n &, 4&h
fa=3r-—x tyt
[ £ £ ~E

A micro-structure dependent
failure indicator !

A critical number of failed
pseudo grain must be
defined to activate failure.
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MMI ConfidentDesign : Data availability

nder load o impact

art will break U

. Determing if p

dition
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MMI ConfidentDesign :

- DIGIMAT
e  Window Settings

IR L

Help Disclaimers

Number of grades: |39 /|39 Number of files: |73 + ID + |0 / 1687
Material Explorer
Trade Name ‘Typ: | Matrix | Filler | FA | Supplier Comments =

TECHNYL A 218 V35 Black 34 NG Composite PAG6 GF

TECHNYL A 218G2 V30 Black 34 NComposite [PA66  |[GF |03 [RHODIA PolyamidPolyamide 66, reinforced with 30% of gless fibre, heat st
A66  GF 025

TECHNYL A 21861 V25 Black 34 N Composite P, RHODIA Polyamic Polyamide 66, reinforced with 25% of glass fibre, heat st:

0.35 RHODIA PolyamicPolyamide 66, reinforced with 35% of glass fibre, heat st:

TECHNYL A 216 V15 Natural Composite PAGE GF 0.15 RHODIA PolyamicPolyamide 66, reinforced with 15% of glass fibre, for inje

1|

2]

3

4 | TECHNYL A 218G V30 Natural Composite PAGE GF 0.3 RHODIA Polyamic Polyamide 66, reinforced with 30% of glass fibre, heat st:
5 |TECHNYLA 218 V50 Black21 N Composite PAG6 GF 0.5 RHODIA PolyamicPolyamide 66, reinforced with 50% of glass fibre, heat st:
6 | TECHNYL A 218 V20 Natural Composite PAGE GF 0.2 RHODIA Polyamic Polyamide 66, reinforced with 20% of glass fibre, heat st:
7 | TECHNYL A 218 V15 Natural Composite PAGE GF 0.15 RHODIA PolyamicPolyamide 66, reinforced with 15% of glass fibre, heat st
8 | TECHNYL A 218 V25 Natural Composite PAGE GF 0.25 RHODIA Polyamic Polyamide 66, reinforced with 25% of glass fibre, heat st:
9 | TECHNYL A 218 V30 Natural Composite PAGE GF 0.3 RHODIA PolyamicPolyamide 66, reinforced with 30% of glass fibre, heat ste—
10| TECHNYL A 218 V35 Natural Composite PAGE GF 0.35 RHODIA Polyamic Polyamide 66, reinforced with 35% of glass fibre, heat st:
11| TECHNYL A 218 V40 Natural Composite PAGE GF 04 RHODIA PolyamicPolyamide 66, reinforced with 40% of glass fibre, heat st:
12| TECHNYL A 218 V50 Natural Composite PAGE GF 0.5 RHODIA PolyamicPolyamide 66, reinforced with 50% of glass fibre, heat st:
13

14

14| TECHNYL A 216 V20 Natural Composite PAGE GF 0.2 RHODIA Polyamic Polyamide 66, reinforced with 20% of glass fibre, for inje
15| TECHNYL A 216 V30 Black 21 N Composite PAG6 GF 0.3 RHODIA PolyamicPolyamide 66, reinforced with 30% of glass fibre, for inje
16| TECHNYLA 218 V15 Black21 N Composite PAG6 GF 015 RHODIA Polyamic Polyamide 66, reinforced with 15% of glass fibre, heat st:
17| TECHNYL A 218 V20 Black 21 N Composite PAG6 GF 0.2 RHODIA PolyamicPolyamide 66, reinforced with 20% of glass fibre, heat st
18| TECHNYL A 218 V25 Black21 N Composite PAG6 GF 0.25 RHODIA Polyamic Polyamide 66, reinforced with 25% of glass fibre, heat st:
ﬁ TECHNYL A 218 V30 Black 21 NS Composite PAG6 | GF 0.3 RHODIA PolvamicPolvamide 66. reinforced with 30% of alass fibre. heatitjj

Show DIGIMAT Material File(s) | Edit.. ¥ o

Teols

Rhodia offer in Di

Data Explorer
DIGIMAT Analysis Files | 01611147 Material Files | Data Files|
. | | Al
Matrix Model Temp. |RH | RE | Date Created Comments

== c v grr
23] elastic 140 50 NO 2010-04-16 14:12 M.M.L ConfidentDesign :
24 elastic 160 50 NO 2010-04-1614:12 M.M.I ConfidentDesign :
E thermoelastic 20 0 M.M.L Confid tic matrix, for different
| 26 20 50 I Confident| stic matrix, for different
E 40 0 M.M.. ConfidentDesign : Elasto-plastic
28 30 ) M.M.. ConfidentD: n : Elasto-plastic
E 20 0 M.M.. ConfidentDesign : Elasto-plastic
ﬂ 0 0 NO 2010-04-1614:12 M.M.I. ConfidentDesign : Elasto-plastic
|31 23 0 NO 2010-04-16 14:12 M.M.L ConfidentDesign : Elasto-plastic matrix, Spectral mod
32| 23 0 M.M.L. ConfidentDesign : Elasto-plastic
E 40 0 M.M.. ConfidentD: n : Elasto-plastic
34| 60 0 M.M.. ConfidentDesign : Elasto-plastic
135 80 0 MM.L ConfidentDesign : Elasto-plastic _
4| | L'_I

I<

IeW... 'l Plot... '| Export... w| Openin... 'l Request Data [m]

v | select | Edit..
DIGIMAT-MX+
UserID Date Expiration [dd/mm/yyyy] |00/00/0000 t

Visualization
o |

Material Tree(s) | File(s) | Plot(s) | Anatysis Information Database Vi |
Que DB Content

Rhodia offer is 1638 material files . |

1290
=== | today available in DIGIMAT-MX! e

0 0 0 4 4 40

P4 Matrix Class ~ ©
2 S digimat 3
Ready. Connected to: mxdb on localhost OK i
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M.M.l. simulation process

r Injection Moulding Simulation
vhodia Unique advanced

< experimental database on Glass fibre orientation <" g8
. mechanical behaviour
Oj% Matrix, Fillers I
= | Qtream “Sstream
) A—— o Mapping tensors
e Digimat-MX from Moldflow mesh

Impact and Damage
Material laws
Multi-scale modelling

@Gtream and @ hodia

nnnnnnnnnnn

High level mechanical calculation
Static and dynamic / Impact / Creep

C/i £ o, ﬁ hodia
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The MMI Beam

A new tool to get closer to structural parts




I Designed for multi-testing conditions :

Tension

Bending and Impact l

Compression

Torsion

. L ]
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I A multi gating design ...

24  C.DEMAIN - LS-DYNA 2011 ﬁho d’a



... to get many different micro-structures

239

07aEs

00000

Temps de remplissage
= 00893[s]

0538

5 Gates

- Diffuse fiber orientation with
weld lines

0.0000

. [ J
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I Real impact test on a large ribbed part
Boundary conditions

Fixations

PLASTIC OMNIUM
Courtesy of sl
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Real impact test on a large ribbed part
Isotropic Material

TECHNYL A218 V30 @ EhO, 23°C

200

180

160

140

120

100

80

True stress (Mpa)

60

40

Failure plastic strain : 1.8 %
20

A
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I

S O ) ANy ) A QU |

0 3 T T T T T T
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035

True strain r hodia




Real impact test on a large ribbed part
M.M.| Material

* High end use of Digimat software : combining anisotropy
and strain rate dependency

* Glass Fiber :
* Elastic ‘
* Aspect Ratio
* Weight fraction
* Orientation on all the part

* PA66 Matrix :
* Elasto-Viscoplastic
* Fitted by M.M.I. ConfidentDesign approach

e Failure criteria :
* Total strain

ﬁhodia



With the courtesy of

I Real impact test on a large ribbed part

Isotropic Material

=) \/Vith isotropic material the model do not break

mmm) The part fails in real life
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I Real impact test on a large ribbed part

MMI — injection simulation

Fiber orientation

Courtesy Of PLASTIC OMNIUM
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I Real impact test on a large ribbed part

MMI — impact result

Part test

With MMI

=mm) [ailure area: good correlation achieved with MMI

PLASTIC OMNIUM

Courtesy of
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Real impact test on a large ribbed part
MMI — energy absorption

4000

3500
Classical approach
3000

2500
Part Test

2000

Force (N)

1500

With MMI
1000

500

0
0,15 0,155 0,16 0,165 0,17 0,175 0,18 0,185 0,19

Displacement (m)

PLASTIC MNIUM
Courtesy of Ml

=) \Vith MMI, excellent energy absorption correlation
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Material

isotropic approach

35

Technyl A218 V30 23°C EHO

Density (g/cm3)

1.37

Young modulus (MPa)

9000

C.DEMAIN - LS-DYNA 2011
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Plastic strain failure criteria:. 1.9 %

Stress [MPa]
G

o]
o

o]
o

IS
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20 —

0

0.000 0.005 0.010 0.015 0.020
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Material
MMI approach

viscoplastic with Basic FPGF

e 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 ——Angle 0, Measured
I

150

200

—=Angle 90, Measured [ |

* PA66 Matrix :
* Elasto-Viscoplastic
 Fitted by M.M.I. ConfidentDesign approach 4,

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

50

0.000 0.010 0.020 0.030 0.040 0.050 0.060

. L ]
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I MMI beam
presentation of impact model

* Beam : |
I I
|

The sides were cut off _ " :><>< >< >< >< |
1
|

* 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

. L ]
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MMI beam — 2 gates

correlation experiment / MMI

Failure at the same
time

Contour Plot
Yon Mises(Scalar value, Mid)
2.023E+02

[2000&02
1.750E+02
—1.500E+02
= 1.250E+02

1—-]—1 .00DE+02

7.505E+01
5.006E+01
2.507E+01

8.268E-02

. L ]
40  C.DEMAIN - LS-DYNA 2011 tho d’a



MMI beam — 2 gates

Failure prediction r

The failure area could be explained by the fiber |
orientation

0.8750

06250

Transverse on stress Aligned on stress

—> Weak zone Diffuse  smo

- L ]
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MMI beam - 5 gates

Failure prediction r

. L ]
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MMI beam - 5 gates

Failure prediction

-

Same failure
area
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MMI beam — 5 gates

Failure prediction

The failure area could be explained by the fiber
orientation Aligned

0.8750
‘ 0.7500
06250
diffuse
—)> Weak zone Diffuse  sao

. [
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MMI beam — 2 gates

Force correlation

—experiméntal curve
—=isotropic 4.8 m/s
~-=MMI EVP

\\\\\\\\\\\\\\\

opic approach

Failure with isotr

\\\\\\\\\\\\\\\

e | e e

4

mmm) Good correlation in force and failure
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Conclusions

* With the FPGF failure model

* \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 MMI fitting process on FPGF parameters to get better value on transverse and shear!

* Material behavior
* Add hydrostatic pressure dependency (tension/compression behavior)

. L ]
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