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Preface

Additive manufacturing processes, such as laser cladding, are used to produce products additively or to optimize them
locally. Until now, laser cladding has focused a laser beam on the component surface and at the same time supplied a
filler material - either as a powder or as a wire. This process is very interesting for tool and mold making, as it is ideal
for applying flexible protective layers, repairing damaged areas or changing the geometry of tools shortly before
production starts. But so far, up to 70 percent of the powder has been lost unused in powder-based laser cladding.
This is uneconomical, especially with expensive powders. Wire, on the other hand, enables 100 percent material
utilization. However, today's wires made from special alloys are only available to a limited extent or do not meet the
desired criteria for a coating material.

The aim of the MatLaMeD research project was therefore to develop a hybrid process variant of laser cladding. Here,
wire and at the same time the smallest quantities of powder were fed locally in order to provide application-optimized
or novel material systems during the additive manufacturing of high-performance components e.g. with toughness
and hardness enhancement. At the same time, special software was developed that enables the user to individually
plan the process control depending on the desired material properties and to set the hybrid process exactly. For later
use in industry, a manufacturing process for wire was further developed, with which high-performance, high-alloy
special wires can be made available inexpensively on a large scale.

In order to achieve these goals, basic process studies on hybrid laser cladding using powder and wire were carried out
and material-related process strategies were developed. These results served as the basis for corresponding algorithms
that were integrated into CAM software. Finally, wire drawing tools with the hybrid laser cladding process were
developed for wire drawing of high-alloy wire materials.

The interdisciplinary collaboration within the project across national borders with Belgian partners not only created an
innovative additive manufacturing process and new material systems. It also strengthened the European
competitiveness in economically important sectors, such as tool and mold making, through its knowledge advantage
in the fields of laser material processing and materials science.

The German partners in this M-ERA.NET joint project with Belgian partners were funded in the program "Innovations
for the production, services and work of tomorrow" of the German Federal Ministry of Education and Research (BMBF).
We would like to take this opportunity to thank everyone who has contributed to this trend-setting research and
development work with their knowledge, commitment and experience.

Project Management Agency Karlsruhe (PTKA)
Production, Service and Work
Karlsruhe Institute of Technology (KIT)

Stefan Scherr
September 2020

;u':,x MANAGED BY
oe o PTKA
\e® ", :
e’ Project Management Agency Karlsruhe

M-era.Net

Karlsruhe Institute of Technology



Duration:

Coordinator:

Project partners and authors:

15t August 2018 — 31°* July 2020

Fraunhofer Institute for Production
Technology IPT

SteinbachstraRe 17, 52074 Aachen,
Deutschland

Responsible: Sebastian Kammann

Contact:

Marius Gipperich

Phone: +49 (0)241 8904-415

E-Mail: marius.gipperich@ipt.fraunhofer.de

Fraunhofer Institute for Production
Technology IPT

Steinbachstr. 17, 52074 Aachen, Deutschland
Sebastian Kammann

ModuleWorks GmbH
HenricistraRe 50, 52072 Aachen
Deutschland

Dr. Denys Plakhotnik

EXAPT Systemtechnik GmbH
Theatherstrafle 12, 52062 Aachen,
Deutschland

Michael Kénigs

OCAS NV — ArcelorMittal Global R&D Gent
President John F. Kennedylaan 3

9060 Zelzate

Belgium

Elke Leunis

Laserco Coating Diamond Technology SA
Rue Vital Francoisse 220, B-6001 Marcinelle
Belgium

Dr. Xavier Hallet



Table of contents

1 (O Tt (V7T T4 To I o T T-To T o [U Ty o 10 SR 8
1.1 Objectives of MatLaMeD .........cccoiiiiiiiii e, 8
LI 2 e [~Yo ] AU 4o PSPPSR PR RPR 9

2 State of the art at the beginning of the project .......ccccvrvcmrecrrrcrrrcerscersseen, 11
2.1 Hybrid wire and powder based Laser Metal Deposition .............ccoceeeiiiiiieiiiieeeen, 11
2.2 Development of new metallurgies for additive manufacturing on lab scale (OCAS) .. 12

2.2.1 Incremental deVelopMENTS.......ooiiiiiiiiiiie e 12
2.2.2 Breakthrough developmentS . ......oocuiiiiiiiiiiic e 14
2.3 Adaptive CAM-based toolpath planning for Laser Metal Deposition......................... 16

3 MOtIVatioN .....coiciir i —————————— 18

4 3= | 19
4.7 LMD RYDIId PrOCESS. ...t 19

4.1.1 Selection of relevant alloys. .........c..oiiiiiioiee e 19
4.1.2 Setting up of the hybrid wire and powder process...........c....cooeevveeeviieciiieeeee, 19
4.1.3 Microstructural analysis and hardness measurements ...........ccooevveeeeiiieeeeiiieeeenn, 22
4.1.4 MechaniCal teStING ....vviiiiiiii e 24
4.2 CAM-based manufacturing of the demonstrator.............cc..coooiiiiiiiiiciicc 27
4.2.1 CAM planning for the combined wire and powder process .............ccccccceveeenennn. 27
4.2.2 Evaluation of the Demonstrator Part ............ccocooiiiiiiiiiiie e 28
4.3 Development of a Computer Aided Manufacturing Software................c..ccooeeeen, 29
4.3.1 POSt-processor frameWOIK ..........c.ooiiiiiii e, 29
4.3.2 CAM functionality for additive manufacturing 3D tubular shells ........................... 31
4.3.3 CUINVE OFFSBT oo 35
4.3.4 Multiple mesh CoNtaiNMENTS........cooiiiiiiii e 36
4.4 Digital process chain and database implementation for hybrid LMD ......................... 37
4.4.1 Survey of the status quo and definition of requirements..............cc.ccoeeieiiieenn, 37
4.4.2 Development of a digital process chain for LMD processes ............ccccceeveveeeenenn. 39
4.4.3 Planning and simulation of LMD ProCeSSES ........cuiiiieiiiiiaiiieeieie e 43
4.5 LMD-w+p in an industrial environment ...........ccooiiiiiiiii e, 46
4.5.1 Setting up of the Process with QUFET3 WiIre ........oocoiiiiiiiiiiiiii 47
4.5.2 CM2-1G WITE oo 48
4.5.3 Construction of the demONSTrator ............ooiiiiiiii e 50
4.6 Development of wire with tailored compositions (OCAS) ......c..ccoovviviiiiiiieiiiece, 53

4.6.1 Production of additive manufacturing wire on lab scale for screening purposes.... 53
4.6.2 High throughput screening of additive manufacturing wire compositions using small

SCAlE CASTING . ittt 56

5 Summary and oUtIOOK ... ————— 63

6 Acknowledgement....... ..o ————— 65

7 RETFEIGNCES . e e e e e e s me e me e e e e e e e e e nenemnnns 66
Final Report - MatLaMeD 7166

OCAS NV — ArcelorMittal Global R&D Gent | EXAPT GmbH | Fraunhofer Institute for Production Technology IPT |
Laserco Coating Diamond Technology SA | ModuleWorks GmbH





