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D. Moskal, J. Martan, M. Kučera, Š. Houdková, R. Kromer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Enhancing Surface Finish of Additively Manufactured Titanium and Cobalt Chrome Elements Using Laser Based Finishing


W.S. Gora, Y. Tian, A.P. Cabo, M. Ardron, R.R.J. Maier, P. Prangnell, N.J. Weston, D.P. Hand  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 258
Effect of Laser Beam Alloying Strategies on the Metallurgical and Mechanical Properties of Hot Forming Tool Steels


K. Hofmann, F. Neubauer, M. Holzer, V. Mann, F. Hugger, S. Roth, M. Schmidt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264


Laser forming
Optimization of Process Parameters for High Effi ciency Laser Forming of Advanced High Strength Steels within Metallurgical Constraints


G. Sheikholeslami, J. Griffi ths, G. Dearden, S.P. Edwardson  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277
Development of Scan Strategies for Controlled 3D Laser Forming of Sheet Metal Components


H. Gao, G. Sheikholeslami, G. Dearden, S.P. Edwardson  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 286


Cutting & Drilling
The Utmost Thickness of the Cut Sheet for the Qualitative Oxygen-assisted Laser Cutting of Low-carbon Steel


A.M. Orishich, V.B. Shulyatyev, A.A. Golyshev  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296
Effects of Different Polarization Strategies on Laser Cutting with Direct Diode Lasers


G. Costa Rodrigues, J.R. Dufl ou  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302
Studies on the Robustness of Underwater Laser Cutting of S355J2�N Using a Yb:YAG Disk Laser Source


J. Leschke, A. Barroi, S. Kaierle, J. Hermsdorf, L. Overmeyer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 310
Thermal Investigation of Interaction between High-power CW-laser Radiation and a Water-jet


C. Brecher, H. Janssen, M. Eckert, F. Schmidt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 317
Laser Cutting of CFRP with a Fibre Guided High Power Nanosecond Laser Source–Infl uence of the Optical Fibre Diameter on Quality 
and Effi ciency


S. Bluemel, S. Bastick, R. Staehr, P. Jaeschke, O. Suttmann, L. Overmeyer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 328
Advanced Rock Drilling Technologies Using High Laser Power


F. Buckstegge, T. Michel, M. Zimmermann, S. Roth, M. Schmidt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 336


Welding macro - Steel
Weld Metallurgy and Mechanical Properties of High Manganese Ultra-high Strength Steel Dissimilar Welds


M. Dahmen, S. Lindner, D. Monfort, D. Petring  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 344
Laser Welding of Ultrahigh Strength Steels at Subzero Temperatures


B. Gerhards, U. Reisgen, S. Olschok  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 352
High Power Laser Beam Welding of Thick-walled Ferromagnetic Steels with Electromagnetic Weld Pool Support


A. Fritzsche, V. Avilov, A. Gumenyuk, K. Hilgenberg, M. Rethmeier  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 362
Infl uence of Joint Confi guration on the Strength of Laser Welded Presshardened Steel


H. Kügler, C. Mittelstädt, F. Vollertsen  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 373
Investigations on Laser Beam Welding of Different Dissimilar Joints of Steel and Aluminum Alloys for Automotive 
Lightweight Construction


O. Seffer, R. Pfeifer, A. Springer, S. Kaierle  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 383
High-power Laser Welding of Thick Steel-aluminum Dissimilar Joints


R. Lahdo, A. Springer, R. Pfeifer, S. Kaierle, L. Overmeyer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 396
Microstructure and Porosity of Laser-welded Dissimilar Material Joints of HR-2 and J75


X. Shen, W. Teng, S. Zhao, W. He  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 406
Yb-fi bre Laser Welding of 6 mm Duplex Stainless Steel 2205


M. Bolut, C.Y. Kong, J. Blackburn, K.A. Cashell, P.R. Hobson  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417


Welding macro - Nonferrous metals
Mechanical Properties and Fracture Behaviour of LMD Produced 2.4682 and Wrought 2.4630 Dissimilar Welds


M. Dahmen, M. Göbel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 426







v Contents


Infl uence of Surface Coatings of Filler Wires on Weld Seam Properties of Laser Beam Welded Copper Connections
V. Mann, M. Holzer, K. Hofmann, E. Özkaya, F. Hugger, S. Roth, M. Schmidt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437


Sound Welding of Copper: Laser Beam Welding in Vacuum
U. Reisgen, S. Olschok, S. Jakobs, C. Turner  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 447


Fine-tuned Remote Laser Welding of Aluminum to Copper with Local Beam Oscillation
F. Fetzer, M. Jarwitz, P. Stritt, R. Weber, T. Graf  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455


Change of Hot Cracking Susceptibility in Welding of High Strength Aluminum Alloy AA 7075
M. Holzer, K. Hofmann, V. Mann, F. Hugger, S. Roth, M. Schmidt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463


Brazing & Welding micro
Improvement of Energy Deposition in Absorber-free Laser Welding through Quasi-simultaneous Irradiation


V. Mamuschkin, C. Engelmann, A. Olowinsky  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 472
Process Parameter Optimization for Wobbling Laser Spot Welding of Ti


6
Al


4
V Alloy


F. Vakili-Farahani, J. Lungershausen, K. Wasmer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 483
Determination and Dependencies of Melt Pool Dimensions in Laser Micro Welding


A. Patschger, J. Bliedtner  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 494
Evaluation of Laser Braze-welded Dissimilar Al-Cu Joints


P. Schmalen, P. Plapper  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 506
Temperature Controlled Laser Joining of Aluminum to Galvanized Steel


D. Weller, J. Simon, P. Stritt, R. Weber, T. Graf, C. Bezençon, C. Bassi  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 515
Novel Approach to Increase the Energy-related Process Effi ciency and Performance of Laser Brazing


C. Mittelstädt, T. Seefeld, T. Radel, F. Vollertsen  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 523
Mechanical Properties of Laser-jetted SAC305 Solder on Coated Optical Surfaces


M. Mäusezahl, M. Hornaff, T. Burkhardt, E. Beckert  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 532
Solderjet Bumping as a Versatile Tool for the Integration of Piezoelectric Deformable Mirrors


T. Burkhardt, M. Goy, M. Hornaff, M. Appelfelder, C. Reinlein  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 540


Hybrid processes
Hybrid Additive Manufacturing Technologies–An Analysis Regarding Potentials and Applications


M. Merklein, D. Junker, A. Schaub, F. Neubauer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 549
Effect of a Local Laser Heat Treatment on the Formability of Multi-layered 6000 Series Aluminum Alloys


M. Merklein, J. Herrmann  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 560
Signifi cance of the Resonance Condition for Controlling the Seam Position in Laser-assisted TIG Welding


B. Emde, M. Huse, J. Hermsdorf, S. Kaierle, V. Wesling, L. Overmeyer, R. Kozakov, D. Uhrlandt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 568
A Practical Approach for Increasing Penetration in Hybrid Laser-arc Welding of Steel


F. Farrokhi, M. Kristiansen  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 577
Process Properties of Electronic High Voltage Discharges Triggered by Ultra-short Pulsed Laser Filaments


K. Cvecek, B. Gröschel, M. Schmidt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 587


Additive manufacturing - LMD & Cladding
Coating Layer Characterization of Laser Deposited AlSi Coating over Laser Weld Bead


H. Gu, A. Van Gelder  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 597
A Study on the Effects of the Use of Gas or Water Atomized AISI 316L Steel Powder on the Corrosion Resistance of Laser 
Deposited Material


M.J. Tobar, J.M. Amado, J. Montero, A. Yáñez  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 606
Analysis of Nickel Based Hardfacing Materials Manufactured by Laser Cladding for Sodium Fast Reactor


P. Aubry, C. Blanc, I. Demirci, M. Dal, T. Malot, H. Maskrot  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 613
Direct Metal Deposition of Refractory High Entropy Alloy MoNbTaW


H. Dobbelstein, M. Thiele, E.L. Gurevich, E.P. George, A. Ostendorf  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 624
Possibility of Multi-material Laser Cladding Fabrication of Nickel Alloy and Stainless Steel


D. Kotoban, A. Aramov, T. Tarasova  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 634
Annular Laser Beam Cladding Process Feasibility Study


A. Kuznetsov, A. Jeromen, G. Levy, M. Fujishima, E. Govekar  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 647
Infl uence of Process Parameters on the Process Effi ciency in Laser Metal Deposition Welding


M. Güpner, A. Patschger, J. Bliedtner  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 657
Infl uence of Laser Power on the Shape of Single Tracks in Scanner Based Laser Wire Cladding


A. Barroi, D. Albertazzi Gonçalves, J. Hermsdorf, S. Kaierle, L. Overmeyer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 667
Hydrodynamic Instability in High-speed Direct Laser Deposition for Additive Manufacturing


G. Turichin, E. Zemlyakov, O. Klimova, K. Babkin  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 674
Effect of Laser Cladding Parameters on the Microstructure and Properties of High Chromium Hardfacing Alloys


E. Abouda, M. Dal, P. Aubry, T.N. Tarfa, I. Demirci, C. Gorny, T. Malot  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 684
Evaluation and Optimization of the Bonding Behavior between Substrate and Coating Processed by Laser Cladding


R. Vollmer, C. Sommitsch  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 697







 Contents vi


Laser Cladding of Ni50Cr: A Parametric and Dilution Study
B. Song, T. Hussain, K.T. Voisey  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 706


Technology of High-speed Direct Laser Deposition from Ni-based Superalloys
O. Klimova-Korsmik, G. Turichin, E. Zemlyakov, K. Babkin, P. Petrovsky, A. Travyanov  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 716


Long Pulse Laser Wire Deposition of Hard Steels
A. Ascari, A. Fortunato, A.H.A. Lutey, G. Guerrini, N. Pagano  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 723


Evolutionary-based Design and Control of Geometry Aims for AMD-manufacturing of Ti-6Al-4V Parts
M. Möller, N. Baramsky, A. Ewald, C. Emmelmann, J. Schlattmann  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 733


Powder Flux Regulation in the Laser Material Deposition Process
J.I. Arrizubieta, M. Wegener, K. Arntz, A. Lamikiz, J.E. Ruiz  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 743


The Role of Laser Additive Manufacturing Methods of Metals in Repair, Refurbishment and Remanufacturing – Enabling Circular Economy
M. Leino, J. Pekkarinen, R. Soukka  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 752


Laser Metal Deposition as Repair Technology for a Gas Turbine Burner Made of Inconel 718
T. Petrat, B. Graf, A. Gumenyuk, M. Rethmeier  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 761


Ni Based Powder Reconditioning and Reuse for LMD Process
M. Renderos, F. Girot, A. Lamikiz, A. Torregaray, N. Saintier  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 769


Additive manufacturing - SLM metals
Deformation Behavior and Microstructure of Ti6Al4V Manufactured by SLM


P. Krakhmalev, G. Fredriksson, I. Yadroitsava, N. Kazantseva, A. du Plessis, I. Yadroitsev  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 778
Anisotropy of Mechanical Properties and its Correlation with the Structure of the Stainless Steel 316L Produced by the SLM Method


A.A. Deev, P.A. Kuznetcov, S.N. Petrov  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 789
Additive Manufacturing of Functional Elements on Sheet Metal


A. Schaub, B. Ahuja, L. Butzhammer, J. Osterziel, M. Schmidt, M. Merklein  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 797
Weldability of Additive Manufactured Stainless Steel


V.-P. Matilainen, J. Pekkarinen, A. Salminen  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 808
Microstructure and Magnetic Properties of Magnetic Material Fabricated by Selective Laser Melting


K.J. Jhong, W.-C. Huang, W.H. Leel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 818
Experimental Study of Residual Stresses in Metal Parts Obtained by Selective Laser Melting


C.E. Protasov, V.A. Safronov, D.V. Kotoban, A.V. Gusarov  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 825
Basic Research on Lattice Structures Focused on the Strut Shape and Welding Beads
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