Moulding

RPDICI

o
m I d Innovation
Day 2023 <

h\

Radlc:lGroup High Perfor

Moldex3D



Metal Replacement w
performance polymers:
Moldex3D solutions for su
innovative sports

Moulding

m Id Innovation
Day 2023



Agenda 200

« RadiciGroup High Performance

Polymers at a glance




RadiciGroup

M Specialty Chemicals

Tumover

577min€

8 High Performance Polymers

Tumover

629 min€

 Advanced Textile Solutions

Tumover

476 min €

J
e,
O

.

Other Businesses

\ Tumover
10min€

" RadicilnNova

2022 turnover, consolidated at Business Area level, The figure related to the single Business Area includes sales made to other Business Areas within RadiciGroup.

Apparel and
technical
Flooring

Nonwovens

Acrylic

RROICI
G?OL(J%J




RadiciGroup High Performance Polymers




RadiciGroup HPP — Main Brands 200

: Polyamide engineering polymers (PA 6, PA 6.6, copolymers, PA 6.10, PA 6.12, PPA and other
I‘adIlOI’]® specialty PAs for high temperature resistant applications) for injection moulding, extrusion and
blow moulding. Filaments for 3D printing.

radiﬂam® Polyamide and polyester flame-retardant engineering polymers, including a complete range of
halogen and red phosphorous-free products.

) Specialty PA 6.6 engineering polymers. The main distinguishing features are high mechanical

radist rong: properties, better property retention with moisture absorption and an excellent surface
appearance. Suitable for injection moulding of high mechanical resistance parts.

raditer: Polyester (PBT and PBT copolymers) for injection moulding.

raditeCk® High-performance PPS compounds, characterized by their exceptional chemical/thermal
resistance and dimensional stability.
New sustainability-oriented engineering polymers, from post-industrial and post-consumer
NYCLE® sources, targeted at meeting the growing needs of the market that requires products with a low
and measurable environmental impact without compromising on quality, reliability, traceability,
safety
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Metal Replacement: Key Concept RO

Substitute one or more parts currently made in metal with a part having the same
Functionality, made with a different material (namely, Engineering Plastics).

>>

Metal substitution with engineering polymers on demanding applications
started successfully more than 30 years ago.



Metal Replacement: Macro Trends ROQ

There are still big opportunities in all industrial sectors, even on parts that were
never considered for metal replacement. Macro drivers are:

$ . .
,@ Reduction of the production costs

ﬂ Lower Environmental Impact of the products
%> (LCA - Life Cycle Assessment)

Light-Weighting,
In particular for Transportation sector: new regulations on CO,
) emission limits (less weight > less fuel consumption)




Metal Replacement: Advantages

* Weight reduction

* Form and design freedom

* Environmental Sustainability

* Integration of functions

* Reduction of assembly and post-processing (machining...)

- Aesthetics, colorability

- Total cost of part (# cost of material per kg!!!)
o Material cost per liter
o Part count, Number of operations, Assembly

o Cost of Injection Molding technology

o Productivity

o Tool life (vs Diecasting)




RadiciGroup HPP: Materials Portfolio ROQ

Product Name Polymer Type |Key Features Typical Applications

RADILON S RV300W PA6-GF30 . .
« Very high stiffness and strength
«  Good surface appearance
RADILON S RV500W PA6-GF50 . Automotive
o  Consumer Goods
RADILON S URV300W PA6-GF30 .  Very high stiffness and strength  +  Industrial
. Easy flowability
RADILON S URV500W PA6-GF50 . Good surface appearance
RADILON A RV350W PA66-GF35 «  Very high stiffness and strength
. Developed for demanding . Automotive
RADILON A RV500RW PA66-GF50 applications . Consumer Goods
. Industrial
RADISTRONG A RV500W «  Very high stiffness and strength
(PA66+PA)*-GF50 Excellent surface appearance
RADISTRONG Aroma RV500RKC2 «  Lower moisture absorption . Water Management
. Improved dimensional stability
High chemical resistance . Industrial
AL AU AR . Partially obtained from renewable .  Water Management
sources
RADILON DT RV300RKC2 PA612-GF30 «  Excellent chemical resistance o  Industrial
. Improved dimensional stability . Consumer Goods
RADILON DT RV500RKC2 PA612-GF50 . Very high stiffness and strength . Water Management
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From “material supplier” to “partner for innovation”

« RadiciGroup High Performance Polymers can rely on a global team including Sales, Marketing,
Applications Development, Technical Service and R&D, to provide our customers with the highest
professional support throughout all project phases:

. Concept °  Feasibility Material Cost

RROICI
G?OL(J%J

i Lo Trials and :
° selection analysis Design Validation scale-up Production
o
0°0

Simulate. Collaborate. Innovate.




RadiciGroup HPP: Engineering Service

Perform internally CAE simulations in support of application

» Assessing projects’ feasibility
« Validating material selection and part (re-)design
» Troubleshooting in prototyping or in regular production

developments involving RadiciGroup products, with the purpose of:




Integrated approach to Simulation

Injection

[ | moulding
process

Microstructure,
defectology,
geometry

Anisotropy
= and “local”
properties

Injection simulation: Warpage,
GF orientation, weld lines...

FEA model: Loads, boundaries

Multi-scale
material modelling

INTEGRATED
STRUCTURAL
SIMULATION

Higher accuracy and reliability in predicting elasticity and failure
More in-depth understanding of the material behavior
Reduce tendency to overengineering and use of high safety factors

 Less need for prototype testing




RadiciGroup HPP database in Material Hub Cloud o

(@ Material Hub Cloud @ Cloud Bank (0) @q @ 2 |£ N & £ Metric (cgs) 3 UC. @D EN 115 Material
— models available

Material Database Viewer from
RadiciGroup

By MHC Database w Marked Materials

Radilon A RV500W 333 BK / PA66 / RadiciGroup High Performance Polymers @ @ @

£ Overview Viscosity PVT Heat Capacity Thermal Conductivity Mechanical Properties Process Cor »
Keywords
RadiciGroup High Performance Polymers . . .
Quality Index Analysis Processing Curves
Supplier Polymer Type [ Total Score = 89.91 Viscosity [g/(em.s)] Spec. Vol. [ec/g]
1e+14
RadiciGroup High Pi  » = PABS v
Viscosity 1e+10
Related Material [51 Result(s) ] 1e+6
Grade Name Polymer Type Supplier 1042
o Proc. Conditions Spec. Volume :
RadiciGroup 0 50 100 150 200 250 300 0 50 100 150 200 250

High

Radiflam AAE121 CNT  PA66 Performance ¢ Temp.['C] » ¢ Temp. [°C] »
::L“;g}'g’rzup Heat Cap. [erg/(g.”C)] Therm. Cond. [erg/(s.cm."C)]
Radiflam A RV250 AF 830 High 7.1085e+7 5.168g+14 .
PAGG
BR Performance 5e+7
Polymers
RadiciGroup _ |
Radiflam A RV250 HF 100 _, High Mech. Properties Heat Capacity
NT Performance 2e+7
Polymers 1
_ Rgduclsroup o 1.102e+7 2.65525e+4
Radiflam A RV250K AE 121 PAGG High Therm. Conductivity 0 100 200 300 0 100 200
CNT Performance
Polymers Temp. [*C] Temp. [°C]
RadiciGroup . P
Racilon A LEPZSXUK 3010 , . High . . Process Conditions [Show Bar in Charts]
BK Performance Mechanical Properties —
::L";g}'g’;up Transition Temp.  Melt Temp. Freeze Temp. Ejection Temp. Mold Temp. User Def. Ten
. s Elastic Modulus Poisson's Ratio
Radilon A RV250KB 856 High -[:t‘:l-
BRU St Pegrformance M 1.22E+011 [dynefcmzl T pasrt I @ OO‘ l D_) DD ﬂ © H
Polymers
RadiciGroup
Heramid A ECP150TK 900 High 232 [*C] 290+10 [*C] 240 [*C] 220[°c] Q0+10 [*C] 25 [°C)

GY 22 Performance

Filler Content
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Metal Replacement: Design Approach RO

Metal Replacement: Substitute one or more parts currently made in metal with a part having the same
Functionality, made with a different material (namely, Engineering Plastics).

...Not “make the part out of plastics” assuring the same Properties > rather, consider how to take
advantage of plastics peculiarities: Plastic is hot metal!

A correct approach to metal replacement must take into due consideration, from the very beginning:

 The Functional requirements of the part, including the implicit ones and the way It interacts
with other parts and operating environment.
« The Intrinsic properties of plastic, which are strongly different compared to metal: the part
must be designed to “use” them properly.
* It's necessary to have an overall view of all the aspects related to the project to pre-select the
material and then to re-design the part.

1@ Project feasibility ZQ Functional and 3 5d Material
= and definition costs analysis @ selection

4 ) 5 o 6 Prototyping
;l Re-design @ Validation @
— g and Scale-Up



Case History: Rear Swing-arm for E-Bike RO

Courtesy of

ACEIID Howwrac .

Original material: Aluminium 6061 alloy

RadiciGroup proposal: radistrong®

Requirements:

» Stiffness and mechanical resistance with static
loads;

« Low moisture sensitivity;

» Fatigue resistance;

» High surface appearance and colorability;

« UV stabilization.




Rear Swing-Arm: Design Optimization RO

Thickness Analysis Thickness Analysis

Process
Simulation

Re-Design

[ ] " .
First Design /}f engineering

(Proposal) % service

Simulate. Collaborate. Innovate.




Process Simulation - Filling

Moldex3D i

MOLDING INNOVATION

Max

First Design

(Proposal)

"o

servic

2000mmL____1 Moldex3D

[sec]
2528

A z
» engineering x
-y Y 52

3
308

Run 1:Enh_Warp
Filling_Melt Front Time
Time = 1.543 sec (EOF)

Final Design

<7 angineering
sorvic

nwomm_1 Moldex3D

Isec]
1543

1453

1362

1271

1181

1.000

0.999

0.000

0818

0727

0.637

0.546

0.455

0.365

0274

0184

z
* o\

3
309

Run 1: Puntane_Lungo
Filling_MeR Front Tme:

[ engineering
service

2000 Ml M.ol:;ex?,D

(2

wMn

Time = 2,503 sec

Isec]
2528

2360

2,191

2.023

1054

1686

1517

1349

1011

0.843

0674

0.506

0,337

z
) F O

3
309

Run 4: STD_Warp
Filling_Melt Front Time

[S» engineering
¥ service

znoomml_ 1 Moldex3D

Max

Min

Y,

Time = 1.201 sec (EOF)

[sec]
1201

1427
1053
0.980
0.906
0.832
0.759
0.685
0.611
0.538
0464
0.390
0317
0243
0.169

0.096
Z x

309




Process Simulation — Fiber Orientation Tensor X RIOKC

Run 1: Puntone_Lungo

Filling_Fiber Orientation in X Direction
o e)( Time = 2.528 sec (EOF)

8]
MOLDING INNOVATION 0.900

0.841
0.782
0.722
0.663

0.604

First Design

(Proposal)

0.545
0.486
0.426
0.367
0.308
0.249
0.189

Run 1: Enh_Warp
0.130 4 Filling_Fiber Orientation in X Direction
Time = 1.543 sec (EOF)

8}
0.900

0.071

vin 880,012
s engineering Zyx 0.841
[\ service 4 52

nomml1 Moldex3D s

0.782
0.723

E I 0.664
y_\v 0.605
0.546
0.487
0.429
Final Design b

g 0311
0.252
0.193
0.134

0.075

vin +Bl0 016
[» engineering Z x 52
service

waammL____ | MoldexSD a



Process Simulation — Packing Phase

Moldex3D

MOLDING INNOVATION

Pressure

First Design

(Proposal)

[;» engineering
1N service

soomm 1 Moldex3D

Run1

Packing_Pressure
Time = 15.154 sec

MPa]

—0.790

X
z,

0.632

3
303

Packing_Motten Core

Max

Molten Core

Freeze

[\;» engineering
¥ service

soommL 1 Moldex3D

At 16s of Packing

Run 1

Packing_Pressure
Time = Packing 16.136 sec

:» engineering
W service

s000mmL__ | Moldex3D

M

Win

[MPa)
8.384

7.825
7.266
6707
6.148
5.589
5.030
4471
1013
3354
2705
2236
1677
1118
0.559
0.000

24

3
03

Molten Core

Freeze

win ol
;s engineering
V' service

s000mmL__ | Moldex3D

Min ol

Packing_Molten Core
Time = Packing 16.136 sec

Packing_Pressure
Time - Packing 35.187 sec (EOP)

ra Cc(EOP! 1Pl
281587 hiex: > 0.000
272.870 0.000

264.152
0.000

Pressure

255.435
0.000

246.717
0.000

238.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
126.520 Min 0.000

x Kor engineering 2 X

2 B I senvice -
203 woomml__ 1 Moldex3D 303

RROICI
P

Run1 Run 1
Rili g Packing_Pressure Packing_Molten Core
Time = 27.547 sec (EOP) Time = 27.547 sec (EOP)
Time = 15,154 sec MPal ol
ra Max p 1.200 202147
202319
281.456 1120 281.313
: -
270.488
=
270.592 Pressure 1.040 MOlten Core
250.650
250.728
0960 248.820
248864
0.880 238.000
238.000
0.800
0.720
0.640
0.560
0.480
0.400
0.320
0.240
0.160
0.080
win 80,000 win - 00612
— 02.202 s engineering x s engineering x
1V Setvice v V' Servico v
o soomm_1 Moldex3D 303 soomml_1 Moldex3D 303
3
303 .
End Of Packing
a1 Run 1 Run 1

Packing_Molten Core
Time = Packing 35.187 sec {EOP)
el

Max

Ezw.sai
% 238.000

Min 124,201

I eng g X
I Service v o
ssoomml__ 1 Moldex3D 303



Process Simulation — Cooling Phase

Run1
Packing_Volumetric Shrinkage(Slicing)
Time = 62.500 sec (Extend Packing)
]
May » g 9.425

Moldex3D

MOLDING INNOVATION

8.353
7.281

6.209

First Design

(Proposal)

5.137
4.065
2.993

1.821

Min »88 1385

Ix g
15 engineering
I Seice & 3

2000 mm Moldex3D 309

Run 1:Enh_Warp
Packing_Volumetric Shrinkage(Slicing)
Time = 61.500 sec (Extend Packing)
&)
Hiax > 1.595

1545
1.495
1.445
1.395
1.346
Final DeSign 1.296
1246
1.196
1.146
1.006
1.047
0.997
0.947
0.897

Min 0.847
[ engineering  y Zx .,

soriico

3
200mm_1 Moldex?3D ana

Freeze

I» engineering  y Z x
servico

20,00 mm Moidex 3D

Molten Core after Cooling

Run 1: Enh_Warp
Packing_Makten Core

Time = 61.500 sec (Extend Packing)
ra
238.000

min o 122043

A z
» engineering X
v service < L

wumms Moldex3D 20

Run 1: Puntone_Lungo

Packing_Motten Core
Time - Packing 60.099 sec (Extend Packing)
ra

v »—! 90.007

52
3
309




Process Simulation — Sink Mark Displacement
Moldex3D

MOLDING INNOVATION Time = 27.547 sec (EOP)
[mm]
Max 0.419

0.392
-0.364
—10.336

—0.308

First Design

(Proposal)

—0.280
I 0.252
—{0.224

0.196

—0.168
o.140

—0.112

0.084
0.056
0.028

Min 0.000

: z
[ engineering y X

¥ service \‘/ 49

360

woomm L1 Moldex 312

Final Design

RROICI
G?OL(J%J

Run 1

Packing_Sink Mark Displacement

Time = Packing 60.051 sec {(Extend Packing)

[mm]

Max 0.055

0.051

0.048

—10.044

—0.040

[—0.037

[—10.033

—0.029

0.026

[—0.022

—10.018

—0.015

0.011
0.007
0.004

Miny 0.000

F4
[Sp engineering v 2 x5
44 service

service 260

moomml 1 Moldex3D 312



Process Simulation — Temperature at Ejection

Run 1

Packing_Temperature

Time = 62.500 sec (Extend Packing)
rcl

Ml 286.209

Moldex3D

MOLDING INNOVATION

Considering a cycle time of 60sec 281662
277115

272.567

268.020

First Design

(Proposal)

263.473
258.925
254.378
249.831
245.284
240.736
236.189
231.642
227.095
222.547

218.000
" z
[\» engineering VX 4
¥ service
260

moomm L1 Moldex3D 312

Final Design

RROICI
GROE?

Run 1
Packing_Temperature
Time = Packing 60.051 sec (Extend Packing)
ra

Wax »p 227.087
226.481

225.876

225270

224.664

224.058

223.452

222.846

222241

221.635

221.029

220.423

219817

219.212

218.606

218.000

» z

1» engineering x
somice 0 ¥ I

noomm 1 Moldex3D 312



Process Simulation — Warpage
Moldex3D

MOLDING INNOVATION

First Design et ety o
(Proposal)

[mm]
Max 2.285

2.143

2.001

1.859

1.717

1.576

1.434

1.292

1.150

1.008

0.866

0.725

0.583

0.441

0.299

Min 0.157

)' s engineering 0
+—¥ service LX

2000mm L1 Moldex3D 0

Final Design

Warpage_Total Displacement
Scale Factor (X,Y,Z) = 1.000

,"-.\ » engineering
arvice

LN g

nmmm 1 Moldex3D

M

Min

[mm]
5.194

1.856

4.517

4179

3.840

3.502

3.163

2.825

2.486

2148

1.809

1471

1.132

0.794

0.455

0.116

=



Mapping of Warpage from Moldex3D rog

Moldex3D

MOLDING INNOVATION
@ Rear Swing-arm
(176’351 elementsTet10)

Moldex3D Warpage results

Displayed field : Displacement X
0.0192

-0.376 -0.178 0217 0414

CW21021f_Acerbis_Deformed.dat , Data file: Deformed Model_Total Displacement(XV,Z)_new.stl

&

Deformed (stress-free)
Structural Mesh I

chody2_Puntane |
chodyS_Sup_Di /

chodyé_Sup_S%

Digimat

cbody®_Perna

-0.375 -0.178 Displayed nerﬂdﬂ:lg’p,acememx 0.218 0414 ‘- v i )
|
Considering the geometry with the post-moulding deformations, the simulation is more i ]
accurate and adherent to reality and to quantify, in the first phase, the force required to : :
allow correct assembly of the component with the other parts of the system. :




Structural Simulation: Spreading for assembly ROQ

Digimat

Run4

Warpage_Total Displacement
Scale Factor (X,Y,2) = 1.000
[mm]

Manx 5.194
4.856
4.517
—{4.179
—{3.840

—3.502

[—3.163

4,000e+00

I—{2.825
2.466
I ZJIE

—1.809 2.400e+00

1471

1.132

0.794

0.455

Min 0.116

» engineering
< service

000mm__ 1 Moldex3D

rl—<

coo

X

Max. expected value of Eq. Von Mises Stress: 8 MPa

No breakage foreseen




Structural Simulation: Model Set-up

.Mar:: Mentat 2023.1 (64bit): CW22003_ACERBIS_12298_21_L_PuntoneTrail.mud - [Model (View 1)]
File Select View Tools Mode Window AI/MLTools UserPlugins Digimat Help

ﬁ | H Lii Lii Ll v H Zu: ] E\' = | L 4 [ cw] ﬁ EE = L3 = e Analysis 3.l v Structural -
Geometry & Mesh Tables & Coord. Syst. Geometric Properties Material Properties Contact Toolbox Links Initial Conditions Boundary Conditions Mesh Adaptivity Loadcases Jobs Results
New ¥ Detect Meshed Bodies [ Identify Backfaces Properties New ¥ Tools ¥ New  Properties New ¥ EY
Show Menu Tools ¥ I Expanded Representation Show Menu Properties | | Show Menu
Edit Identify Visibility Edit Edit

Contact Bodies Contact Interactions Contact Tables Contact Areas Exclude Segments

Mocel s T WAL BB+ I /A OSGTXX BBETIEDIS RS
B 3D CW22003_ACERBIS_12298 21 L... '
B Geometry (228)

B roints (208)
B curves (16)
B surfaces (4)
B Mesh (562041)
B nNodes (348362)
B Elements (213679)
- W Solids (3)
- Bl Solid Bodies (3)
%, perno_1

chodyl_Puntone

. ' Number of Force (N)
chody3_Perno2 Cyc I eS

Perno_2
Part3|VersioneL...

A EEEREE N

r
[ &

e ¥~

B Geometric Properties (1)
BS Structural 3-D Solid (1) Fixed Displaccement:
* geont Y=0,Z=0
- % Materials (1)
- tandard (1)
:. RDS A 23RH50
?; Contact Bodies (3)
- B Meshed (Deformable) (1)
r‘,;i chody1l Punt
- B Geometric (2) '
,,"?_;-, cbody2_Pernol i
‘,;?;-‘ chndyB?Pernnl
- % Contact Interactions (1)
% Meshed (Deformable) v...

F——
interactl Command > *contact_body_color
- % Contact Tables (1) Enter the rgb values for contact body color [0 - 255]: 64 193 94

Model Navigator

Dynamic Menu Model Navigator Command >




Mapping of Fiber Orientation from Moldex3D

Moldex3D

MOLDING INNOVATION

The microstructural properties obtained from the process simulation (Moldex3D)
have been mapped onto the structural mesh using the Hexagon-Digimat software.

|

Mesh: ANSYS_Digimat_Ori_CW22002_Moldex3D01.cdb , Data file: MicroMechanics_Orientation_Ori_CW22002_Moldex3D01.02d

Y k,'l/)' " “ J

Displayed value : First eigenvalue
0.387 0.538 0.689 0.839 0.990

v f
=/

Mesh: CW22003_ACERBIS_12298_21_PuntoneTrail_v2021.2.dat , Data file: MicroMechanics_Orientation_Ori_CW22002_Moldex3D01_new.o2d

Displayed value : First eigenvalue
0.344 0.499 0.653 0.808 0.963




Advanced Quasi-Static Simulation — Digimat RP

Advanced quasi-static simulation is performed to foreseen stress levels at

Digimat

maximum application load, evaluating, if present, potential failures or criticalities

DIGIMAT MATERIAL

RING DATA SOLUTION SETTIN

<o/

4 Compenent: v % 1
Manufacturing: Injection molding ~ Type: SFRP

4/ Digimat material

[ Structural model: CW22003_ACERBIS_12298_21_PuntoneTrail_v2021.2 (Marc)

Model Solution settings

From experimental data

nitor FE Jobs

Advanced solver settings

4/ Manufacturing data 09 4 Composite
;" Y " .Mamx (Matrix) Constitutive model Elastoplastic
Define manufacturing data... ¥
= I Plasticity model J2 (Von Mises)
4« Solution settings 4 r fibers (Inclusions)
. 5 08 T Glass Density 1.14E-09
) ‘e dicatos Consistent tangent stffness v
# F 4 Failure global parameters Elastic symmetry Isotropic
07 +— FPGF parameters
’ Young modulus 2600
Homogenization scheme
Poisson's ratio 0.4
05 Yield stress 17
0.5 7
Macro Stress - Strain curve
Longitudinal
-------- Transverse
04 74
o
23°C, RH50
0 Fully Anisotropic
o Elasto-Plastic Model
02 2
X &
01
B IR
0 - .
Plot Fiber orientation  Eigenvector 1 ra d ISt ro n g ®
H
Strain 11

Scale
Visualization
factor:5x

¥in: 0.000 @Node 1345619

Tme: 0.0008+00

50.000

46567

333

40.000

3%.667

M 0.000 @kds 1345613

Inc 24
Time: 1,000e-+00

1.000

0.3

0.867

0.800

0733

0.667

0467

0.400

033

0.267

0200

0133

0.067

0.000

Maxi 1,005 @Hode 1357677

Hin: 0.004 @Node 1079539

|| o.s00 §\
| | o3 (

RROICI
G?OL(J%J

Results: Indicator of Alignment
Fiber/Stress

[
& z
\L’X
Icasel_Loadhpp

I between stress and fiber orientation

Results: Eq. Von Mises Stress

bl Maxlosd

Equivalen Yo Misss Stress



Advanced

CAEfatigue

INPUT: Advanced (QS)
Structural Simulation Marc-
Digimat results (H5 or OP2

format)

i

INPUT: Events

Number of Cycles Force (N)

50.000 0.4xFp
37.500 0.7xFp
12.500 0.8xFp
1.250 Fp

Fatigue Simulation — CAEfatigue )

INPUT: Fiber Orientation

?-0X

] [y orip osfp L
P 61 62 63 44 @5 G4 67 08 49 1P O3 42 G) Gk G5 G4 O7 G4 09 U @1 G2 63 G4 45 48 07 63 @5 P 01 02 43 G4 G5 OF 47 OF 89 1

Events +

= r

Damage(Ohuty Cyche)

5 &

w R B B

&

Viewe. Main  Log  Comtrol File

Miner's rule operates on the hypothesis that the portion of useful fatigue life used up by a number of
repeated stress cycles at a particular stress is proportional to the total number of cycles in the fatigue life,
if that were the only stress level applied to the part.

Stress ampitude

Stress amplitude (Sa)

INPUT: Advanced fatigue Material Model
radistrong

Wohler Curves
Fully Aligned

Random 2D

Random 3D

Fully transverse

EE! 34 28 a3 4 42 44 a8 ] 5 52 54 56 58 8
Logarithm af the numaer of cycles

23°C, RH50
Fully Anisotropic Elastic Model

Haigh Diagram

e Dy

Mean stress (Sm)

High-Cycle Fatigue Failure Indicator
(Considering mean stress effect, tension/compression
differentiation, spatially variable R)




Results: CAEfatigue — Life In repeats RoQ

CAEfatigue

MODEL CAE _Fatigue_Study.cfmodel X

Model File [ CW22003_ACERBIS_1 ~ |.. Fringe Plot : Stress, Layer:Solid, Event:Fp

FRINGE SOURCE H-28-60 0 arHAIHE 7 x-af

Source ‘ Stress

It is foreseen that the last event, with

layer | Solid maximum force Fp, there is the greatest
Event ID Max Elem:63 (2.5e+17) consumption of the useful life of the
Results | Life in repeats I material. However the damage remains
SELECTION at the end of the Event4 well below the
Name critical value 1 as well as the sum
A P damage values of all events.
3D:
User Defined
4 Generative The estimated fatigue life of the
:““;"J"e:“"": _ component, through the advanced
oundary Elemen > . . . .
Result Entites - PSR structural simulations, fully satisfies
s— sl the fatigue resistance requirements
i LIRS requested by the customer (Life in

.833e417
Tl repeats>1).

1E-

Physical tests were also performed on
the first samples campaign verifying their
durability and they confirmed the
outstanding mechanical performance

of the material.
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Conclusions RoQ

Benefits: Thanks to the use of the materials modelling tools and advanced engineering
calculation, the performance was accurately predicted and the project was brought to success.

- Weight reduction: -10% compared to the Al version

* Mechanical Performances: Real tests performed on the parts confirmed the outstanding fatigue
resistance of the material predicted by the simulation

* Form and design freedom: Completely new Design in the sector

* Reduction of assembly and post-processing: No welding and painting process

* Environmental Sustainability

» Aesthetics, colorability: Material with high surface aspect, black coloured. Mould Texture applied

for aggressive look of the parts ,

* Total cost of part

v Part count, Number of operations
v Cost of Injection Moulding technology

v High productivity
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