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Celanese Short Introduction
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Celanese: Ein Technologieflhrer bei der Produktion 5 Celanese

von differenzierten Chemieprodukten und Spezialmaterialien

The chemistry inside innovation”
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Das Unternehmen mit Sitz in Dallas (Texas, USA)

beschaftigt weltweit rund 7000 Mitarbeiterinnen und Mitarbeiter

Mehr als 35 Produktionsstandorte in 18 Lander (Ubernahme von So.F.teR nicht beinhaltet)
erwirtschaftete 2016 einen Umsatz von 5,47 Milliarden US$.

Kombiniert Chemie, Werkstoffkunde
und Verstandnis kundenspezifischer
Bediirfnisse zur Entwicklung
maRgeschneiderter, wertschopfender
Lésungen

Materials
Solutions

2.4 MRD. USS
UMSATZ

Nutzt Technologie, unser globales
Produktions Netzwerk, und ein
profundes Verstandnis globaler

Handelsstrome zur Wertschopfung

Acetyl Chain

3.07 MRD. USS
UMSATZ

BETECHNOLOGIETAG

|

Technische Hochleistungskunststoffe finden
Verwendung in Automobil- und
Elektronikindustrie, in Medizinprodukten
und asthetischen Anwendungen

Acetatflocken, -kabel und -folien,
z.B. fir den Einsatz in Filtermaterialen und
Spezialfolien

Lebensmittelzusatzstoffe, einschlieBlich
SuRstoffe und Konservierungsmittel

Essigsdure, Vinylacetatmonomer und
weitere chemische Zwischenprodukte

Polymerdispersionen finden
Verwendung z.B. in Anstrichfarben
und Klebstoffen

EVA Polymers kommen bei flexiblen
Verpackungen und medizinischen
Lésungen zum Einsatz

Olaf Herd — Celanese Sales Germany GmbH, Schladming February 28"-March 01512018



Product Pyramid 3 Celanese
after So.FteR & N|||t Acqu|s|t|0n The chemistry inside innovation”

Celanese’s broad materials portfolio
and technical expertise offer...

» Breadth in Functionality
» Breadth in Form Factors

» Breadth in Customer Conversion
|_PPS | Technologies
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SEMI-CRYSTALLINE

Celanese has one of the broadest portfolios
spanning all thermoplastic classes
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Semi Structural Parts for Automotive Applications
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Manufacturing Process — Pultrusion /3 Celanese
Sta n d S fo r Qu a | ity The chemistry inside innovation”

Polymer
Glass Fiber PP, PA, POM, PBT, PPS etc. + additives

Carbon Y

Aramid
Extruder Puller Granulator

Stainless Steel
1
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Thermoplastic Melt

Impregnation Die ? [
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Fiber Skeletton

LFrT Pellets:
10 mm length for Celstran
25 mm length for Compel
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Semi Structural Parts 3 Celanese
In development with Long Glass Fiber reinforced TPs hechenisynede meveton

€20 cmP»>!

Control Units,
Sunroof Parts - 1994 Management Systems - 1999
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Semi Structural Parts 3 Celanese
In development with Long Glass Fiber reinforced TPs hechenisynede meveton

Srernage it e 2ot (rriess-eubae) 1) MULTHAMINATE ALGORTTIM

Door Modules - 1999
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...for excellent project development D Celanese
in cooperation with OEM / Tier 1, 2... as project tracking w

Cars
Trucks
Electrification

Specification — as requirements for a global process

Valuable cooperation — right from the start.
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How to create Data Cards vs 4 a Impetus

4a impetus

11
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Moldflow Simulation of LFT /3 Celanese
Filling study on 2.5 mm plaque Thechemsioy i vt

Filling

Celstran PP GF30

Scale (300 mm) Ce|Stran PP GF50 ShOI’t f|ber GF30

Scale (300 mm)

Different flow fronts depending on fiber content.
Filling behaviour (flow front) can not be simulated correctly.
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Moldflow Simulation of LFT /3 Celanese
Filling study on 2.5 mm plaque

S
b o | (=LY
Deflection (large deflection warp):Z Companent Deflection (large deflection warp).Z Compaonent
Load factor = 100.0[%] Load factor = 100.0[%]
[mm] [mm]
4.466 I 0.9361 I
2312 0.5034
01577 0.0708
-1.998 -0.3615
-4.151 -0.7945

J‘iz - Scale factor= 3 42 -
i -179 ¥ -179

&E’dﬁsﬁb. Scale (ZIDD ) : 0 &H‘!‘Eﬁ&' o

L
Scale (200 mm)

~ Calculate fiber orientation using (Whmm

RSC or ARD-RSC model (detemmined by length

Moldflow model with auto-calculated G and D

ARD RSC: Anisotropic Rotary Diffusion — Reduced Strain Closure)
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CT Analyzes: Fiber Length 9 Celanese
Distribution and Orientation over Thickness The chemisey s ineesion

1 Skin layer

2 Shear layer

3 Core layer
Cross section schematic layer structure

Celstran PP GF20 blend Celstran PP GF50

Skin layer (1)

Shear layer (2)

Flow direction

Scale (500 mm)
Core layer (3)
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© Celanese

3-point bending test for creating LS Dyna, Mat 24 5 celanese
on 2.5 mm plaque — PP-LGF30 — 3 directions The chemistry nside imovation

3-point bending test
e Analytical estimation of the range of strain rates leads to the following test set-ups

Distance between / | N
Supports // . \\
| w [mm] : l -
50 1 0-10 ’lr
40 25 10 - 20 £ 45 o
S| | Al
30 4 60 - 100 = looe b‘\:\.ﬁc
* The strain rate is not of constant value (see given range).
Y :

e Each test configuration is repeated three times.

e = el ] 12234
TN -0 C1I0S06_UET 1.0 [110505_0EN)
AL2-40 (1103506 _ Aq2-40 (11 0506_002)
i fs o
L4 110505 440 [+1 0505 004)
AL5-40 (110506 _CF 1g5-40 (110506 _005)
TEES ot —_— 15352 e
11250 (110506 1G3-50 (110505 0 4)
L350 14 0508 0 25 m/s 1g3-50 (71 0505, O
1L8-50 (11 0S0F_ g8-50 (11030
ALE-E0 (110508 ¥ 1g5-E0 {1105
ALA-E0 (110506 _ Ag1-600 {1105
2138 AL (14 (50 S L. (Y 114,58
L350 110505 13 [T
= LAED 715 0505 _OE: = Tgd- &
= ALE-E0 41 0508 = 156 5,01
=] Rt = Bl H
x 5 B Yy '
15203 X
" \\ \\H \1 I
N
| o
Longitudinal 0° Transversal 90
008 .7 == L -
Son I I 260 200 T o 107 374 561 748 93
Wifeg [rmm] Wifeg [rren]
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Crash Data Cards for Structural Parts

Reference vs 2,5 mm wall thickness

Olaf Herd — Celanese Sales Germany GmbH, Schladming February 28"-March 01512018
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Cockpit Structural Parts "5 Celanese
Celstran PP-GF20-05 53 blk & Celstran PP-GF30-05 51 blk  ™ecremswyinsieinowton

Ehb Ehb Ehb

Deflection in X direction Deflection in Y direction

Finished IP: low warpage / homogenous surface

Average fiber orientation in flow direction

(4

Recommended a single cavity tool with a 10-drop hot runner manifold.
Warpage range was predicted to be less than 7 mm

Average wall thickness: approx. 2 mm

Mat 24 as LS Dyna created 4a impetus
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Cockpit Structural Parts

") Celanese
CeIStran PP'GFZO'OS 53 blk The chemistry inside innovation”
REQUEST Material data preparation (LS-Dyna *“MAT024)

~ at 3 temperatures
~ at 3 orientations
by using a quasi-static device and 4a impetus device.

Calculated Values

Stress
Linear Yield Hardening Tangent Strain Plastic Failure
Modulus Stress Plateau Modulus Rate Failure Strain
(MPa) (MPa) (MPa) (MPa) Scale Strain Scale
0°] 4216 34.9 80.0 2654 7.93 0.018 -0.050
45° 3286 25.5 60.0 2221 6.62 0.027 -0.077
90°| 2794 23.1 45.7 500 6.33 0.038 -0.085

23°C

Please get in contact with Celanese, before using those data sets,
optimization programs are still working
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Reverse Engineering with Celstran PP-GF20-05 53 blk 73 celanese

230C’ 00 Orlentatlon_ no fallure The chemistry inside innovation”
7 a\ A
VAR &
/ " s TuN f ; .

Forca [M]

10092 5 . T
e 'n o - I
i 1 = l_".
; > | o= A

. // | =1 o |\
15 /-'x"/ '|!|I | I!. .IIJ

| il
£ \ i\

‘ﬁ\x

u?lgliﬂ 1.85 L] -1+ 7.35 a1s Qon 240 480 T .60 1200
[MEpEACRATENT [Tm] D plsiat T fmimy
Test Curves - Force vs. Displacement Simulation Curves - Force vs. Displacement
Model 170424_004 180,95
Solver: LS DYNA, Metamodell: *MAT_PIECEWISE_LINEAR_PLASTICITY [*MAT_024) Tt sirwmatsdraln cupve cpRmtzallon Gaed L a1 A ) |
Element type: 18 Fully integrated shell element (very fast), Number of layers: 5, Element size: Smim Tubel nirensluionin cuive aplimiselion buasd (11 L r’,..-—“"'
Assumptions: Poisson's number: 0.3, Friction coefficent: 0.1 24,00 |—LaSalaitesarsain Odve ooAMization taced |40 1 1 ot —
Total skeaanain cufvs SpamizaGn Bae s )/" —
-"'"-_‘_-.
Case namga Wy L | Mepsier| B t [ A-ré R
mis] | fmm] | fo] | fmm] | [mm] | mm] | & 7
m —
IPBST 0g Opimmps, Iwddmm 0.0001 40 0.000 | 104 188 | 552 '%‘3: /;_,..-/-"""__________
IPBST_0g_1p2mmps_Iw40mm 0.0012 | 40 0.000 | 101 188 | 553 g_______—-—-
IPBEP_1454g 1mps_Iw40mm 1 40 1454 | 101 187 | 552 40,08 i
IPBEP_960g_2p5mps_Iw40mm 25 40 9600 | 101 187 | 551
3 20 840 2.850 1280 1080
IPBEP 453q 4p3mps Iw30mm 43 30 4533 | 100 188 | 450 w0 = Stram %)

Simulation Curves on Material Curves - Stress vs. Strain

[
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Cockpit Structural Parts 5 Celanese
Celstran PP-GF30-05 51 blk

The chemistry inside innovation”

REQUEST Material data preparation (LS-Dyna *"MAT024)

~ at 3 temperatures
~ at 3 orientations

by using a quasi-static device and 4a impetus device.

Calculated Values

Stress

23°C Linear Yield Hardening Tangent Strain Plastic Failure
Modulus Stress Plateau Modulus Rate Failure

Strain

(MPa) (MPa) (MPa) (MPa) Scale Strain Scale

0°| 5484 334 93.1 2170 854 0029 -0.043
45°| 3951 226 64 .2 1000 855 0.034 -0028 |
90°| 3235 19.7 H8.2 1762 894 0037 -0003 |

BETECHNOLOGIETAG
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Reverse Engineering with Celstran PP-GF30-0551 3 Celanese
23°C, 0° Orientation- no failure e

210.85 23000
i0b 40 iTe 66 HM
12515 13Z2.00 jly
: - ! -
£ s
1 ™
41,65 4400 T
Il |
L
.JUSM 208 [51-] LE L] = (AN 5 1478 ngﬁﬂ 6.00 1000 16 00 20 00 Fi -]
Cugplacemant [mm) Dekplacenma it |mm)
Test Curves - Force vs. Displacement Simulation Curves - Force vs. Displacement
Model 170523 _004 180,00
Solver: LS DYNA, Metamodell: *MAT_PIECEWISE_LINEAR_PLASTICITY (*MAT_024) Tl sisaraken e splmizsbon sased 0001 1 /) —
Element type:16: Fully integrated shell element [very fast), Number of layers: 5, Element size: 5mm Totd EBSeaiNER:c\ [V OpuTEEMMCH Natad P11 -
Assumptions: Poisson’'s number: 0.3, Friction coefficient: 0.1 B e — :._...--""
Tolal sresssain ofrve optimizaton e }/‘"
Case name v, b | Mezrouum| B t I / —
[mis] | fom] | [o] | [mm] | [mm] | [mm]|< % _—
0.001 50 0.000 | 104 187 | 647 | L —
3PBST_0g_1mmps_lw50mm & san00 —
I
3PBEP 1454 1mps_Iw50mm 1 50 1454 | 101 1.87 | 849 /’—4
3PBEP_960g 4p3mps w30mm 4.3 30 960.0 | 1041 1.86 | 39.7
. og 00 350 720 1080 14,40 18,00
Sirain [%]

Simulation Curves on Material Curves - Stress vs. Strain
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Center Console — Structural Parts /9 Celanese
Celstran PP-G F40-O4 53 blk The chemistry inside innovation”

k]
) F 2
‘ Autodesk’ ‘ — i

= Recommended a single cavity tool with a 3-drop hot runner manifold.

= Minimized hot spots from excess shearing or cold spots where the flow front has
hesitated.

= Warpage range was predicted to be to 2.6 mm

. .
Mat 24 as LS Dyna created 4a impetus
22
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Center Console — Structural Parts /3 Celanese
Celstran PP-GF40-04 53 blk The chemistry inside innovation”

REQUEST Material data preparation (LS-Dyna *MAT024)

~ at 3 temperatures
~ at 3 orientations
by using a quasi-static device and 4a impetus device.

Calculated Values

Stress

23°C Linear Yield Hardening Tangent Strain Plastic Failure
Modulus Stress Plateau Modulus Rate Failure Strain
(MPa) (MPa) (MPa) (MPa) Scale Strain Scale
0°| 7888 6.3 100.0 36268 1008 0015 -0.017
45° 5190 33.3 90.0 2261 859 0020 -0.055 |
90°| 4347 253 707 2288 8§04 0037 -0.069
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Center Console — Structural Parts
Celstran PP-GF40-04 53 blk

) Celanese

The chemistry inside innovation”

24270 300,00
154 18 I' 240,00 ’0}.'{
it
145 6T 160,00 —j—
< : |- .
* o . 120.00 h *
\ ’ M "
Aﬂ-‘* f
48l BS H 60,00 " W'
014 0,00
0.01 FET] 480 [§[] .00 11.28 0.00 3,20 .40 9.60 1200 16,00
Displacement [mm| Disploacemeant [mm]
Test Curves - Force vs. Displacement Simulation Curves - Force vs. Displacement
Model 170224_005 400,60
Solver: LS DYMNA, Metamodell: *MAT_PIECEWISE_LINEAR_PLASTICITY (*MAT_024) P o T e e Bt a1l
Element type:16: Fully integrated shell element (very fast), Number of layers: 5, Element size: 5mm L el il e il
pesmstors Posans ninter 03 ko oeient e
Case name v, L |Mewuun| B t I A-—-—“""__—-
34000
[ws] | fom] | [g] | [mm] | [mm] | me] /’i
3PBST 0g_1mmps_Iw50mm 0.001 50 0.000 | 101 1.85 | 66.3 . / /_..n-'—"':_
3PBEP 1454g 1mps IwSomm | 1 | 50 | 1454 | 101 ) 185 | 689 T
3PEEP_3%60g_2pSmps_lw40mm 25 40 960.0 | 101 1.85 50.1 80,00 /
IPBEP 960g 4p3mps_lwilmm 4.3 30 960.0 | 101 1.85 | 404
. Dg.uo 320 .80 280 1280 18.00
Sirain [%]

BETECHNOLOGIETAG

Simulation Curves on Material Curves - Stress vs. Strain
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Roof Frame— Structural Parts /3 Celanese
Celstran PP-GF50-04 53 blk The chemistry inside innovation”

s
e

]

MOLOPLOW ‘

- Recommended a single cavity tool with a 1-drop hot runner manifold.

= Minimized hot spots from excess shearing or cold spots where the flow front has
hesitated.

= Warpage range was predicted to be less than 3 mm

= Mat 24 as LS Dyna created 4a impetus

25
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Center Console — Structural Parts /3 Celanese
Celstran PP-GF50-04 53 blk The chemistry inside innovation”

REQUEST Material data preparation (LS-Dyna *MAT024)
» at 3 temperatures
~ at 3 orientations
by using a quasi-static device and 4a impetus device.

Calculated Values

Stress

23°C Linear Yield Hardening Tangent Strain Plastic Failure
Modulus Stress Plateau Modulus Rate Failure Strain
(MPa) (MPa) (MPa) (MPa) Scale Strain Scale

0°| 10234  70.1 110.0 2028 13.88 0.009 -0.010
45%| 5748 346 5.0 3667 11.06 0.022 -0.040|
90°| 4823 19.1 98.7 {7 8.59 0.038 -0.050
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Center Console — Structural Parts " Celanese
Celstran PP-GF50-04 53 blk The chemistry inside innovation”

28213 0000
201 T &\? ',I' 248 66
P
[\\ ll II
AL - ]
1= / 7 '|||'||!| ,r'.%\ — o ‘if .’/,H"
100 08 / L g - = 130 00 F Al —
."', -
5043 a4 60,00
/\j ~
J“gﬂl .04 1 & 03 .50 838 U“Eﬂl} 160 Tan L=F 1] 1440 1850
Dispiacamant [mm] Desplacamssnt [mm]
Test Curves - Force vs. Displacement Simulation Curves - Force vs. Displacement
Model 170830_007 34000
Solver: LS DYMA, Metamodell: *MAT_PIECEWISE_LINEAR_PLASTICITY (*MAT_024) Tate! st aareirain Cilve cpAM IEABon Gated K0T AB 11
Element type:16: Fully integrated shell element (very fast), Number of layers: &, Element size: Smm T e i e o o [
Assumptions: Poisson’s number: 0.3, Fricion coefficient: 0.1 272,50 ool alreaalabiain e colimiaion gt} ,;,}E.‘f:“""-#
Todal sroscici@n |:.. et I.' = W
-_'____,.--—"
Case name Vy b Megpguum| B t [ - —
[m/s] | fmm] | [g] | [mm] | [mm] | [mm] -
3PBST_0g_1mmps_lw50mm 0.001 50 0.000 [ 104 187 | 653 . e
3PBEP_1982g_1mps_Iw50mm 1 50 1882 | 10.0 187 | 652
3PBEP_60g _dp3mps_w3omm | 43 | 30 | 9600 | 100 | 185 | 40.5 /
. Dg i) 240 4.80 7.20 08D 12.00
Strain [%]

Simulation Curves on Material Curves - Stress vs. Strain
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Summary
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Summary

) Celanese

The chemistry inside innovation”

- PP Long Glass Fiber reinforcement in use for Semi Structural Parts

« Continuously Data Development for Simulation and Structural Analyses

Simulation approach (Midplane, Dual Domain, 3D)

Moldflow material data

Mesh quality

Used Moldflow release

Fiber orientation model

Simulation parameters

Material Data Packs as LS Dyna — Mat 24, Digimat as reference requested

Ongoing
Procedure

Experience — Measurements - Correlation between simulation and experiment

nnnnnnnnn
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Stronger Automotive Requirements /9 Celanese
Interior The chemistry inside innovation”

High heat aging resistance (long term performance)

Low Emission / Low Odor
Material PP-LGF

= total C- emission as VDA 277 << 50 ug Cl/g

_ Odor (£3) VDA270
= |ow odor requirement < 3, actual values 3-4,5
Low Emission

= low fogging as VW PV 3015 < 1 mg (limiting value <2 mg) ypa 277 278 und BMW GS...

Trends Injection Molding
Parameter

SJI01J81U] 10} 32UaN|jU|

= thin wall technology (< 2 mm)

» |ower GF content (towards 30 and 20% LGF)
= Appearance, good surface finish

= increasing emission requirements (VDA 278)
= Recycling Concept

= Chemical and Physical Foaming

= Material Data Cards

30
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THANK YOU
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Contact

Olaf Herd
Global Automotive Manager

Celanese Engineered Materials
Phone: +49 (0) 69 - 45009-1648

Cell phone: +49 (0) 163 2772 528
E-Mail: Olaf.Herd@Celanese.com

Disclaimer

This publication was printed on February 2018 based on Celanese’s present state of knowledge, and Celanese
undertakes no obligation to update it. Because conditions of product use are outside Celanese’s control, Celanese
makes no warranties, express or implied, and assumes no liability in connection with any use of this information.
Nothing herein is intended as a license to operate under or a recommendation to infringe any patents.

Copyright © 2018 Celanese or its affiliates.
All rights reserved.

32
Olaf Herd — Celanese Sales Germany GmbH, Schladming February 28"-March 01512018

BETECHNOLOGIETAG



