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EDAG
UNIQUE SELLING POINT

The EDAG Group is the all-round, independent
engineering service provider in the mobility industry —
and combines German engineering and technological
trends in an interdisciplinary team of experts to create
unique mobility solutions — globally and at the same time
close to the customer.




24/7 OPERATION TIME
VARIOUS ADD-ON MODULES / GADGETS

EFFICIENT AND PROFITABLE

THE CLEANING HERO
keeps the city and it

arks clean,
nd ott
THE EMERGENCY CALL HERO ‘

there in case of emergency, works

THE LEAF COLLECTION HERO
automatically gathers up fal ea

THE RELAX POD HERO
creates wonderful worlds for

THE GROUP TAXI HERO
takes city dwellers from A tc

- 24 \7 \ 365

THE GARDEN MAINTENANCE
HERO -
loes the gardening

THE VIP LOUNGE HERO
ffers a completely new dimensior

THE PARTY HERO
et club feeling

THE SUPERMARKET HERO
prov a mobile shopping

THE PIZZA HERO
delivers delicious food f

THE PARCEL STATION HERO
felivers all kinds of rce
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USE CASE
WHEEL CARRIER CITYBOT

Automated development

Current situation

» Different usage scenarios
* High load variations

* High requirement variants
* "Rigid" specifications

* Improvement necessary for economic and environmental
sustainability

« Component development time = Several weeks / months

Advantages of automation

+ Geometry adjustments automatically generated
for different scenarios

» Closed Loop Engineering applicable
» Dynamic specifications

« Economic and environmental sustainability
improvement

* Reduction of component development time

© 2019 EDAG Group. All rights reserved. 6 05.08.2024


../../AutoDesk/2020-10-15_EDAG_Process_Definition_v5_Link_Test.pdf

Goal
Automation of the development of a

MOTIVATION

Manufacturing process selection

« Die casting

« Sand casting
 Investment casting

« Permanent mold casting
« Selective laser melting

* Milling
Collected loads
5 Number of places 94
~— <) 1 X-Coordinate Part (»
/’ \ % B Y-Coordinate Part
@ Synera ==

Optimal MP*

Requirements
Optimal geometry

*Manufacturing Process

A

{ 4 phases (time = 18h) — shortened by factor 40 \\
Phase 1 - Import Phase 2 - Preparation TO Phase 3 - TO Phase 4 - AM preparation

[t [~ ORIENTATION OPTIMIZATION

i==-g- ;I. = . a = - — = =
N Time=12h Time=5h

Cornermodule in the Citybot project

TO = Topology Optimization
,—.-qﬂ ' AM = Additive Manufacturing

Time =1 min

© 2021 EDAG Group. All rights reserved. 7
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TO PREPARATION

MANUFACTURING ALGORITHM

« Considering manufacturing processes according to their feasibility
» E.g. filter for checking the size of part
» Considering the the number of pieces and comparing the costs

Manufacturing process for selection

* Die casting
* Sand casting
 Investment casting

* Permanent mold casting
» Selective laser melting

* Milling

19, Number of pieces E -

10 Y-Coordinate Part E
o Z-Coordinate Part E
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§ 19 X-Coordinate Part E
)
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CITYBOT LOAD DATA DETERMINATION
STATIC EQUIVALENT LOADS FROM MEASURED DATA

Available measurement data
» Max. Vertical acceleration; 23m/s?

> Max. Transverse acceleration: 9.6m/s?

Utilization of the measurement data in
the multi-body simulation

Corresponding dynamic maneuvers
» Sleeper crossing with approx. 5km/h
» Max. Longitudinal acceleration: -10.5m/s? » Max. Braking from approx. 12km/h
» Slalom drive with approx. 15km/h

Measurement conditions

» 100Hz sampling no pre-filtering

» Low speeds: little "impact

» Extraction of the individual maneuvers necessary

Determination of the extreme points from Excel of the static equivalent loads
the simulated load-time series

as a handover document

CityBot load data determination

2500.0 Position ‘ Fx[N] | Fy[N] | Fz[N] |Mx[NmmiMy[NmmiMz[Nmm]|
50321 FA UWC To LCA LFz SL301_FA_LCA_To_SbFr_Front_L -284 2493 466 329 -285  -2148
===5L323_FA_UWC_To_SWC_Up_L.Fz SL302_FA_LCA To ShFr_Front R -283 -2480 466 -327 -285. 2148

SL303_FA_LCA_To_ShFr_Rear_L -242 816 575 329 -285  -2148

1000.0 e @ - SL304_FA_LCA_To_ShFr_Rear_R -241 -815 575 -327 -285 2148

P L R LR T LIEE LA A b T SL305_FA_LCA_To_Damper_L 88  -2205  -3187 3057 -662 503
5 ool — 1 e, SL306_FA_LCA_To_Damper_R 88 2205  -3187  -3058 -662 -503
H SL307_FA_LCA_To_UWC_L 524 -1169 2392 0 0 0
E’ -5000 SL308_FA_LCA_To_UWC_R 524 1169 2392 0 0 0
s SL309_FA_UCA_To_SbFr_Front_L -503 -1471 -372 151 -261  -1165
w SL310_FA_UCA_To_SbFr_Front_R -503 1467 -371 -151 -259 1167
-2000.0 SL311_FA_UCA_To_SbFr_Rear L -633  -2065 -443 151 -261  -1165
SL312_FA_UCA_To_SbFr_Rear R -639 2064 -443 -151 -259 1167
SL313_FA_UCA_To UWC_Front_L 573 -1676 -701 113 -1261 3892
SL314_FA_UCA_To_UWC_Front_R 573 1678 -701 -113 -1259  -3889
-3500.0 15105 1739 10585 2178 SL315_FA_UCA_To_UWC_Rear L 570 2852 859 13 -1261 3892
Time (sec) SL316_FA_UCA_To_UWC_Rear_R 570 -2847 857 -113 -1259  -3889
C1317 CA INAIC Ta HEA Ceans 1 c72 1678 ant 112 - oan

9



AM OPTIMISATION

* thickening of the "NDS" for later mechanical treatment
« alignment optimization, so that the surfaces can be milled
« Determination of support structures, thickening and the total cost

ADDITIVE MANUFACTURING X

Preparation for the i
NDS Milling 1
(V. CFC-AP1.3_Thickening_NDS A Orientation oplimization 1
4 % Salid Body (- Tap. Opt. Sald Bady  Thickened Body (© 1ged Scild Body Pareta Eni 1
NDS LT T et P
Thickening [y al h
Oarhang Wi Thickand_Pert_Meshy 1
Maschinen_Datenblet Mesh_Suppart Struchures -
Thickening | ——( os & WitariaL Datanbl e Coata Par Part £ 1
Totsl veium Suppan Sifuchwres ©- 1
[ — 5
. = - e 1
e solid generation f e |
. \
wut QD) Radise Suppan Sructwes |
40 Import Geometry —— e \ !
: o
Relative File Fila pah Geamatrea Support SwuENG Thickaning Distancs: \
& Sewing wlerar e _— _j
——T— Hortors



AM POSTPROCESSING OPTIMISATION

» Thickening of functional surfaces which have to be milled
« Combining functional surfaces with the topology-optimized geometry

© 2023 EDAG Group. Alle Rechte vorbehalten. 11 05.08.2024



Constellium : Aluminium Alloys Designed for
Laser Powder Bed AM to Improve Properties and
Processing Performance

-TEC Constellium Technology Center, France

Syam UNNIKRISHNAN
Business development Manager

ﬂ; Constellium



Constellium at a glance

2022 Revenue Our Products Three business units
and Solutions

AN ROLLED
w9 PRODUCTS

A Global Network

EXTRUDED
PRODUCTS

employees worldwide
AUTOMOTIVE

COMPONENTS

it g~

production sites

. RECYCLING
R&D centers L4 »
Our Facilities Worldwide
North America Europe Asia
A global leader developing and
manufacturing innovative, high
value-added aluminium products
and solutions.
:5 Constellium Constellium Confidential
.

25 Constellium

Al Zr Fe

Aluminum Zirconium Iron

Specially designed for LPBF process

A drop-in AM solution for AlSi and 6061 based applications

Alloy AA8A61.50

This document is the property of Constellium 13




Aheadd® CP1 - An LPBF alloy with well balanced Properties, Printability and

post processing

Typical properties, room
temperature
(vertical direction)

Heat
Treatment at

400°C
YS

(MPa)

uTsS
(MPa)

High Quality anodising
(Decorative & Hard coating)

25 Constellium

Thermal

Conductivity

W/m.K

124

187

Fine grain structure
(Stable up to 300°C)

» High thermal conductivity and good strength

Electrical * Thermally stable up to 1000 hrs 300°C

Conductivity .
MS/m (%IACS)

Excellent corrosion resistance

* No volatile elements => Stable and Wide process window
» Low residual strength => large parts no risk of cracks
18.1 (31.2) .

« Almost no anisotropy => Better component design

Simple heat treatment => no Quench/solution treatment

28.4 (49.0
( )  Various surface finishing option ( Anodising, Chemical polishing etc).

Laser Layer Productivity | Density
power | thickness

370W 60 um 39 cm3/h 99.8%
650W 90 um 78 cm3/h 99.7%
L = 1000W 150 pm 164 cm3/h 99.5%

Very good corrosion resistance

118468 24h immersion, 30g/L NaCl + 10ml/L HC, 30°C Wide window of printability

Constellium Confidential 14



Aheadd® CP1 - One alloy to address verities of Alu. LPBF applications

RF antenna

Heat Exchangers

Structural parts

Part Complexity

50 ym 60 um 90 pum 100+ pm
Layer thickness (um)

:5 Constellium Constellium Confidential
q



Process Parameter Development for CP1 at Fraunhofer IWU Dresden

Surface Eliminate
roughness near surface
s, <18 ym porosity

Density
p>99.5%

LPBF machine: TRUMPF TruPrint 5000 Defined goals for parameter development
= 3x 500 W fiber laser, 80 um min. focus = Setting up an initial parameter set with Design of Experiments (DoE)
= Build envelope @ 290 mm, H 400 mm = Various analysis techniques to determine the test results

(metallography, 3D surface analysis, tensile testing)

Z Fraunhofer

Page 16 8/5/2024 © Fraunhofer IWU
IWu



Results of the Parameter Development

Porosity [%]
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Initial parameter setting with following results

= Density: p=99.75 + 0.05 %
= Surface roughness: S, = 15 um
= Layer thickness: 80 um
= Productivity: 60 cm3/h per laser
= Static and dynamic tests

are still in progress

0,000mm

= Fraunhofer

IWu



CityBot Wheel Carrier Manufacturing

LPBF manufacturing on TRUMPF TruPrint 5000

= 3 parts per build job (plus test cubes and tensile specimens)
= 3 lasers in production
= 18 hours build duration with real a build rate of 67 cm3/h

Page 18 8/5/2024 © Fraunhofer IWU
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AM POSTPROCESSING OPTIMISATION

© 2023 EDAG Group. Alle Rechte vorbehalten. 19 05.08.2024



MEET US AT THE BOOTH!
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s transform automotive ™

development together!

|
richard.kordass@edag.com
m Richard Kordalf3
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