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1.  Motivation 

Well-known benefits of Additive Manufacturing (AM) as reduction in process steps, possible 
increase in geometrical complexity of products and an accelerated development process have 
led to intensified efforts in process understanding and process control of the different AM 
technologies. One of these rapidly growing technologies is laser cladding. Due to the variety of 
physical effects and their interaction, such as the dynamics of the powder-injection, coating 
formation and powder stream-laser beam interaction, the laser cladding process is very complex. 
Thus, online monitoring and simulation become important tools to understand physical 
phenomena in order to gain the ability to control the process and meet quality and micro-
dimensional requirements in the manufacturing industry. A fundamental problem in the field of 
laser cladding is the lack of appropriate theoretical concepts describing process phenomena such 
as powder stream-laser beam interaction, powder consolidation, particle deflection from the 
powder consolidation zone and geometrical instability of the fused bead. 
The temperature in the melt pool is one of the key factors during the process due to its strong 
dependence on the basic assessable parameters, such as laser power, scanning speed and 
powder feed rate. Therefore, the temperature dynamics during the entire thermal cycle of the 
cladding process is of great practical interest. The total radiation from the working zone, as is 
known consists of reflection of the laser beam, plasma radiation and thermal radiation of the 
melt pool. Aggregation and interpretation of the measured signals hence represents a major 
difficulty. Furthermore, the wide spatial, temporal and temperature ranges of the laser cladding 
process in addition to the complexity of process parameters complicate the applicability of 
optical monitoring methods. Modelling distinct parts of the process can help overcome these 
difficulties in monitoring and assist in gaining a deeper understanding as well as control of the 
process. Simulations regarding the laser cladding process have mainly been focusing on the 
powder consolidation zone. The areas of interest were modelling the residual stress resulting 
from the fast changing thermal conditions in the substrate and the clad as well as the uncovering 
of the relationship between process parameters and clad geometry for different materials. Only 
few models have tried to simulate the interaction between powder stream and laser beam and 
the influence of shifting focusses has never been investigated before. 
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2. Task definition 

Several experiments are to be conducted in order to understand the physical phenomena and 
the influences of certain process parameters. The interaction of laser beam and powder stream, 
as well as the temperature in the melting pool are to be investigated. The following monitoring 
devices should be used: pyrometer, infrared camera and high speed camera. Various materials 
such as Steel, Bronze, Nickel super alloy and Cobalt super alloy are to be compared. Furthermore, 
the relation between changes in process parameters and the corresponding physical phenomena 
should be revealed and discussed in detail. The focus of this work should be on the laser beam-
powder stream interaction, where the effect of shifting focuses of laser beam as well as powder 
stream are to be investigated. Using optical monitoring of the process plus examination of the 
clad geometry all occurring influences may be analysed. Using the high speed camera, the 
changes in interaction of laser beam and powder stream are to be observed. To fully understand 
the heat and mass transfers during this part of the process, a model should be developed. 
Objective of the model is to reveal changes in the particles temperatures and their phase states 
before entering the melting pool. The infrared camera and the pyrometer are to be used in order 
to analyse the continuous development of the melt pool and the thermal cycle of the substrate 
in different cladding conditions. Relevant literature has stated that modelling the transition of 
particles in flight and their entry in the melt pool has rarely been done due to its complexity. In 
this work an extension of the model including the transition phenomena is considered as 
optional. 

3. Potential approach 

 
3.1 Literature and equipment 

The literature listed in the bibliography section include thermal and hydrodynamic 

effects during the laser cladding process. Additionally, some analytical and 

numerical approaches for modelling the process are presented. An introduction to 

optical monitoring and systematic experiments in laser cladding is included as 

well. Further literature will be added throughout the project. 

 

3.2 Simulation / Matlab-Comsol Model 

- Learning of Comsol software and needed physics interfaces 

- Understanding of previous models/simulations 

- Modelling of the laser beam-powder stream interaction including the following 

phenomena (amongst others): 

 Particles dynamic behaviour 

 Particle heating 

 Laser power distribution 

 Wall conditions (nozzle, substrate, adjacent track) 

 Laser beam attenuation 

 Shielding of process by gas stream 

- Integration of algorithms to improve efficiency and stability of the simulation 

- Extend model to transition phase (particles entering melt pool) [optional] 

 

3.3 Experimental setup and measurements 

- Substrate and powder preparation 

- Powder stream behaviour and interaction with laser beam (high speed camera, 

possibly infrared camera) 
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- Melt pool temperature analysis (pyrometer, infrared camera) 

- Powder particles coinciding with melt pool (high speed camera, possibly infrared 

camera) 

- Recording of thermal cycle of surface [substrate + clad] (pyrometer) 

- Clad track characterisation and cross section analysis: optical microscope, 

hardness testing 

 

3.4 Material and parameter variations 

- Materials to test: Stainless steel (AISI 321), Nickel super alloy, Cobalt super alloy, 

Copper (9% Al)  

- Material specification (Particle size, distribution) will be determined with 

respective equipment (Occhio 500nano) 

- Experiment 1: Investigation of the powder heated by the laser beam in flight 

 Experimental parameters: Laser power, scanning speed, powder feed 

rate 

 Equipment: high speed camera, infrared camera, pyrometer 

 Expected results: thermal maps (temperature distribution) in the 

stationary and non-stationary states (heating and cooling) of the 

melt pool, video and images of particles stream-laser beam 

interaction, information on the thermal cycle based on pyrometer 

signal 

- Experiment 2: Influence of focus/defocus of powder stream and laser beam 

 Experimental parameters: optimal cladding parameters, focus point 

laser beam, focus plane powder stream 

 Equipment: high speed camera, infrared camera, pyrometer 

 Expected results: influence of focusses shifting on particle heating, 

powder stream-laser beam interaction, melt pool and thermal cycle 

- Experiment 3: Influence of hatch distance [optional] 

 Experimental parameters: optimal cladding parameters, hatch 

distance 

 Equipment: high speed camera, infrared camera, pyrometer 

 Expected results: influence of adjacent tracks on hydrodynamics, 

melt pool and thermal cycle 

3.5 Simulations 

- Verification of developed model i.e., sensitivity and reliability check 

- Simulation of different parameter settings 

- Optimization of input parameters and verification of target range 

- Validation of results with experiments 

 

3.6 Summarization & Documentation 

- Experimental results 

- Simulation program 

- Results interpretation 

- Thesis report  
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Required Resources:  
- Comsol 5.1 with MATLAB Livelink, Matlab R2016a 

- Laptop (simulation server if necessary) 

- Powder materials and substrates 

- High Speed Camera, Infrared Camera, Pyrometer 

- Trumpf Laser TruDisk 2001 + CNC machine TruCell 3008 
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