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AGENDA
DOMO Chemicals

MMIE

DOMO SERVICES

« Our company - our presence - our ambitions
« Polyamides - The right choice for demanding applications

« Our way of bringing additional value for our customers

MMI structural simulation and validation of vibration welded polyamide parts
« Demonstrating material and part performance
* The welding demonstrator and its capabilities
 Integrated structural MMI simulation of welded parts

« Correlation of simulation and testing

Conclusions

« Key insights

Q&A session
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DOMO ENGINEERED MATERIALS

THE HOME OF ENGINEERED POLYAMIDE EXCELLENCE

SUSTAINABLE

STRONG INNOVATION

INTEGRATED -
PO T ION \

««« Proven industrial
technology & innovation
... uniquely integrated and v , expertise to better serve our
connected businesses, from _ ' , ) e customers,
benzene to engineering /7 sustainability-driven,
plastics compounds ¥ 2 JA > ' customer-centered innovation

2 (M T T, — Commiitted to
— | | the future of
polyamide
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GLEOBAL SUPP LY
ANBDESERVICES

PERE@QRMANCE
BRANDS
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...contributing to new T ——
mobility, urbanization, —
miniaturization & lifestyle

challenges

...t0 serve growing future

markets and applications globally
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ENGINEERED MATERIALS

FOR A BROAD BASE
OF APPLICATIONS

PRODUCTS SOLUTIONS FOR

« Extensive standard and . Lightweight
customized PAG6 and PA6G6

*Specialties based on
PA6.10 and PA-HT

«Enhanced performance
compounds

e Leader in sustainable
polyamides

Electrification

CO2 reduction

Miniaturization

Eco-design

o = - ERY ¢

AUTOMOTIVE INDUSTRIAL & ELECTRIC &
CONSUMER GOODS ELECTRONIC

DOMO

DOMO ENGINEERED MATERIALS

Capacity: 200kT
Recycled material sales (% of 2020 sales volume): 10%

Production units :
Germany - Italy - France - Poland - China - USA - India.

Brand names: TECHNYL® — TECHNL® 4EARTH®
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WE OFFER POLYAMIDE COMPOUNDS FOR...

DOMO
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WHERE DOMO POLYAMIDES HELP TO SAVE WEIGHT

EXAMPLES FOR METAL REPLACEMENT IN AUTOMOTIVE APPLICATIONS

DOMO

Center Console

Battery Carrier

Windshield frames

-
—

Engine Mount

Oil Pan

Cross Beam

Seat Pan & Seating
Structure

Timing Chain
Guides and Tensioners/

caring
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BENEFITS OF POLYAMIDES

. Thermoplastic semi-crystalline material with easy processii

;. Good thermal stability from -40°C to 2ﬁ°

+.Resistance against many chemmalsjl

.. Global availability — no single sourcir

.. Balanced cost-to-serve ratio

DOMO
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HUBE poM0O’'S INTEGRATED CONCEPT

DOMO SERVICES
LINKING MATERIAL AND INNOVATION

APT|

DOMO SERVICES

N
MMI
DOMO SERVICES

MATERIAL DATABASE SOFTWARE
& SCIENCE SIMULATION

Advanced predictive simulation

to get numerllcal validation Fast and flexible part testing
of a new design -

to homologate designs
for a variety of applications

DESIGN FUNCTIONAL SINTERE
OPTIMIZATION PROTOTYPING LINE
Function integration, topological Additive manufacturing DOMO SERVICES
optimization, mold design support of functional prototypes

ready to be tested
caring
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HUBEI DOMO’'S DEMONSTRATOR MOLDS

DOMO SERVICES FOR GENERAL MECHANICAL PERFORMANCE TESTING

MMI beam

LSD beam
L = 210mm

CAC tank
L = 130mm
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HUBE] POMO'S DEMONSTRATOR MOLDS

DOMO SERVICES CREATING A DEMONSTRATOR FOR WELDED PARTS

What are the benefits of having a demonstrator for welded part?

Real use-case assessment for hollow parts like manifolds, pipes, ducts, valves, ...:
« Single side / cross flow media ageing
« Internal pressure testing

Studying relevant injection molding effects:
« Meltlines of different angles

Assessing vibration welding itself;

Linear vibration welding processes
Alternative welding technologies like hot plate or hot gas welding

Prove of design and simulation process:
« Validation of numerical simulation models

Creating a 360° view for accelerated material development

DOMO
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HUBE] DOMO’S DEMONSTRATOR MOLDS

DOMO SERVICES OUR DEMONSTRATOR FOR WELDED PARTS

Molded part with runner system Vibration welded assembly

DOMO
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HUBEI DOMO’'S DEMONSTRATOR MOLDS

DOMO SERVICES MULTIPLE GATING OPTIONS FOR DESIGN OF EXPERIMENTS

/ injections configurations to A B
move weldlines areas and fibers
orientations

| Injection points
|  Overflow Well |

DOMO
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HUBE] DOMO’S DEMONSTRATOR MOLDS

DOMO SERVICES MULTIPLE TESTING OPTIONS FOR DIFFERENT EXPERIMENTAL STUDIES
Burst pressure test with air Media short- and long-term testing
pIE

Connection

Test case for CAE simulation

DOMO
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HUBEI DOMO’'S DEMONSTRATOR MOLDS

DOMO SERVICES TEST EXAMPLE: WORKMANSHIP (“COOKING”) TEST
Moldi Molding configuration + crack
' el localization
Al - Bl +++ | ' |
Various A2 - B2 + + +
polymers
possible A3 - B3 + +
Al123 - B123 4 V 4

48h at 135°C in
pure glycol

\ \ - ’ v
= 7zl \ e 2
] 24
AUTODESK ' > 0
Scale (100 mm) -0 cari ng
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HUBEI DOMO’'S DEMONSTRATOR MOLDS

DOMO SERVICES TEST EXAMPLE: LONG TERM COOLANT AGEING OF WELDED PARTS

Mold with different
gating configurations

1500h - 135°C

coolant ageing Cooking test
Burst test DAM

and after
cooking test

Material
benchmarking
after ageing

DOMO '
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HUBEl >IMULATION OF VIBRATION WELDED PARTS

DOMO SERVICES DESIGN ANALYSIS AND PREPARATION OF WELDED CAE MODELS

Overlap

Top
part

Overlap

Bottom part

DOMO
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HUBEl >IMULATION OF VIBRATION WELDED PARTS

DOMO SERVICES DESIGN ANALYSIS AND PREPARATION OF WELDED CAE MODELS

Top
From overlap to weld line part
—

Weldline and weld flash to be Weldline
represented in simulation according B
to weldline design and process

Bottom
part

Representation of the weldline in CAE simulation:

« Same material - only different GF-orientation
« Advantage: All material models including failure can be used

DOMO
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HUBEl >IMULATION OF VIBRATION WELDED PARTS

DOMO SERVICES GENERAL PROCESS FLOW OF INTEGRATED STRUCTURAL MMI SIMULATION

[dentify relevant molding parameters and test conditions

Run injection molding simulation and extract GF-
orientation tensors

Create 2D GF-orientation tensor for weldline
Combine 3D-geometries, boundary conditions and GF-

orientation dependent material model in integrated
structural MMI simulation

DOMO SERVICES E)CDlglmat

Mechanical simulation Multi-scale Modeling Injection molding

DOMO
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HUBE MMI™ TECHNYL® DESIGN

DOMO SERVICES THE MOST EXHAUSTIVE AND RELIABLE DATABASE OF DIGIMAT MATERIAL CARDS

N g o Static load and failure
Deformation under load for elastic and elasto-plastic
34 9 0 0 + . behaviors, permanent deformation, prediction of failure

analysis e Impact, Crash
fi Ies fO r ~ M u I t| p I em at er | al b e h aVi or Strain-Rate dependent elasto-plasticity (short-term)

77 gl"ades e 3 matrix: pA6’ PA66, PA-HT e Modals, Vibration and Damping

Visco-elastic behavior (short-term)

e Fatigue
Consider effect of alternate loading, with frequency and
0 load ratio, for elastic and visco-elastic behavior

e Thermal dilatation and warpage

Te m pe rat ure E H G F Thermo-elastic and thermo-elasto-plastic behavior

o Effect of moisture and glycol

-40 to 2 1 0 ° C 0% to 1 00% 1 5‘70 tO 60 (yo Elastic and elasto-plastic behavior at various humidity

rates and glycol content to take into account the
plasticization phenomena

DOMO
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HUBEl >IMULATION OF VIBRATION WELDED PARTS

DOMO SERVICES STEP 1: MOLDFLOW SIMULATION AND EXTRACTION OF GLASS FIBER ORIENTATIONS

o)

1% fie
= 0.0585(s)

[s]
1.403

1.052

0.7016

0.3508

- 0.0000

AUTODESK' L
MOLDFLOW' INSIGHT Scale (100 mm)

Resulting GF orientation is basis of
Filling and packing simulation integrative structural simulation
with anisotropic material data

DOMO
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HUBEl >IMULATION OF VIBRATION WELDED PARTS

DOMO SERVICES STEP 2: ASSIGNING LOCAL ANISOTROPIC MATERIAL DATA

Automatic mapping and assignment of GF _—
orientation dependent material data in M MI
Dlglmat. ., _ DOMO SERVICES

TR
/ .

Full characterization and modelling of
fiber orientation influence and
on stress-strain curve

EXCEL tool is used to assign
GF orientation to the weld e
line area

DOMO

v
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HUBEl >IMULATION OF VIBRATION WELDED

25
STEP 3: DEFINING THE GLASS FIBER ORIENTATION IN THE WELDLINE

(:34) CADATA\Formation_etude_test\3-Tensor\version2\weld.pat
- > [ o 6 3 ) C:\DATA\Formation_etude_test\3-Tensor\version2\weld.xml
| 2
~80,6
(‘ ) > 17 0
| 0 363
(:63) /(‘19 o ! 3?
< > @ 2
ol

EXCEL file allows to define two types of weldlines:

-80 60 40 -20 0

X

20 40 60 &0
°

Uniaxial vibration welding
Rotational vibration welding

Glass fiber orientation assigned as “2D-random” in the weldline

Tensor for local coordinate

No voids or other material effects considered

DOMO
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26

HUBEl >IMULATION OF VIBRATION WELDED PARTS

DOMO SERVICES STEP 4: PREPARING AND RUNNING THE MECHANICAL STRUCTURAL SIMULATION

T = 23°C
50% rel. humidity

Connections closed

Internal pressure

Material: Technyl A 218 V50 bk 21N (PA66-GF50)

DOMO

e Fixed support

caring
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HUBEl >IMULATION OF VIBRATION WELDED PARTS

DOMO SERVICES

Comparison of MMI results and test results

30

25

20

15

10

Pressure [bar]

5

0

STEP 5: SIMULATION RESULTS AND TEST CORRELATION

A3B3 Al1B1

Material: Technyl A 218 V50 bk 21N (PA66-GF50)

DOMO
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C: 2Pressionl-injectionAB1
FPGF - Failure indicator for Pseudo Grain Failure model
Expression: RES631
Time: 15
12/01/2021 11:31

2.5 Max

1

0.9

0.8

0.66667
0.53334

0.4

0.26667
0.13334
7.2776e-6 Min

Failure near weldline area

caring
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HUBE] JOINING TECHNOLOGY AT IT5 BEST

DOMO SERVICES SUMMARY

DOMO’s can provide a wide set of PA compounds
with tailored properties each application

Our materials come with detailed mechanical data
needed for the prediction of the part’s performance.

The unique TECHNYL HUB brings the full service
from design, simulation and part testing.

In the example part simulation and testing of
welded parts was shown.

Good correlation between simulation and test has
been reached.

This can support further customer developments
building a basis for straight-forward design approach
with ideal cost-to-serve ratio.

DOMO
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HUBE] JOINING TECHNOLOGY AT IT5 BEST

DOMO SERVICES Q&A SESSION

DOMO

Equipping our partners for
innovation and sustainability
through unparalleled expertise in polyamides

DOMO



Your contact at DOMO:

Wido Ziemer

Simulation Customer Support Manager O U R AM BITIO N
DOMO Engineering Plastics Europe SpA AT YO U R S E RVIC E

Hermann-Mitsch-St.36a
79108 Freiburg, Germany
E-mail: wido.ziemer@domo.org

Q&A

DOMO  &iemue
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HUB. JOINING TECHNOLOGY AT ITS BEST

DOMO SERVICES K-SHOW 2022

| This year at K 2022
® DOMO STANDS OUT!

caring

CIRCULARISE is our formula

Visit us at K
External booth:
OAHall4/04.3
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THANK YOU
FOR YOUR
ATTENTION

DOMO
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DISCLAIMER

The information provided herein is based on data DOMO believes to be reliable to the best of its
knowledge and is provided at the request of and without charge to our customers. The data
contained in this presentation is based on our current knowledge and experience. In view of the
many factors that may affect processing and application of our product, these data do not relieve
processors from carrying out own investigations and tests; neither do these data imply any guarantee
of certain properties, nor the suitability of the product for a specific purpose. Any descriptions,
drawings, photographs, data, proportions, weights etc. given herein may change without prior
information and do not constitute the agreed contractual quality of the product. Accordingly, DOMO
does not guarantee or warrant such information and assumes no liability for its use. If this product
literature is translated, the original English version will control and DOMO hereby disclaims
responsibility for any errors caused by translation. It is the responsibility of the recipient of our
products to ensure that any proprietary rights and existing laws and legislation are observed.

TECHNYL® js a trademark of DOMO. TECHNYL® js exclusively developed and sold by DOMO in
the EEA, Switzerland and, from February 2022, also in all other global regions.

DOMO



