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Abstract

The characterization of melt pool in laser surface remelting gives useable data for prediction of the process result
as well as it may constitute a basis for the study of more advanced processes such as laser metal deposition. In this study
the analysis of melt pool was performed using two approaches: development of simulation model and coaxial measurement
within VIS-SWIR bands. Moreover the simulation model contains multispectral radiative heat transfer calculation, which
results can be directly compared with images from the cameras. As a result an evaluation of utilized spectral bands in case
of laser material processing monitoring is proposed.

1. Introduction

Laser surface remelting (LSR) is a technology used widely in laser material processing for enhancing properties
of surface layer of the components [1]. It is also a simplification of the selective laser melting (SLM) or Laser Metal
Deposition (LMD) processes, that are considered as common additive manufacturing technologies. Currently such
processes can be monitored using various non-contact sensors, where the output of the measurement is dimensionless
intensity [2] or temperature [3]. On the other hand the simulation tools enable the development of the multi-physical model
of the process, in which one can obtain the information about phase change [4], temperature field [5] and emission from
the melt pool [6]. However, there is lack of reports treating about the comparison between modelling results and
experimental data in case of melt pool characterization (shape and dimensions) based on its emitted radiation.

In this study a comparison of melt pool simulation model and experimental data obtained with spectrometers and
cameras from ViS to SWIR spectra was proposed in order to characterize the melt pool and the heat affected zone behind
it using different acquisition settings. Moreover the usage of two spectral bands allowed evaluation of the utilised bands
for monitoring of the melt pool in laser material processing.

2. Materials and methods

LSR process may be applied to a great variety of materials, yet the material chosen for this study is AISI 316L
steel that can be regarded as a representative of stainless steels group. Therefore its thermal and radiative properties are
widely available in literature. In case of simulation model all of the material properties were temperature dependent.

2.1. Description of LSR process model development

The model of LSR process was developed within Comsol Multiphysics software due to the modular structure of
the model. It contains the time dependant study including heat transfer phenomena such as deposited beam heat source,
conductivity of the substrate, phase change from solid to liquid state as well as fluid dynamics in the formed melt pool and
multispectral radiation analysis.

2.2. Experimental setup for LSR process monitoring

The LSR process was conducted using high power diode laser Laseline LDF 4000-30 (HPDL) and 3-axis CNC
portal system enabling coaxial measurement of the melt pool by mounting the sensors to auxiliary optical path of the laser
head. For the characterization of melt pool following sensors were used:

e spectrometers (Ocean Optics USC2000+ with spectral range 200-850 nm, Ocean Optics NIRQUEST 512-2.5 with
spectral range 900-2500 nm),
e cameras (VIS - Photonfocus MV1-D1312-160-CL12, SWIR - Allied Vision Goldeye G-008).

In case of all the sensors a band-stop filter was used in order to eliminate the HPDL laser irradiation during measurement.
3. Results from LSR process simulation

The quantities describing the melt pool in LSR process such as temperature, liquid phase indicator and radiosity
in VIS and SWIR band were derived using developed multiphysical LSR process model and shown in fig. 1. Moreover the

profiles along the direction of remelting for each of the quantity were compared in order to show the possible range of
temperature and molten metal monitoring for selected spectral bands. From the obtained plots one can state that both VIS
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and SWIR bands are suitable for characterization of the melt pool yet the SWIR band gives an opportunity to describe the
heat affected zone behind the melt pool.

4.

Temperature T T T T T 3 1000000
§ 2000 H E
: > | Temperature ]
’ 1800 Radiosity - VIS band 5 100000
12 1 Radiosity - SWIR band E
E L 1600 4 — | iquid phase indicator [0,1] 4 10000
w Z 1400 ] E
o £ ] 1 1000 3
“ @ 1200 E %
CEETa— o | ] 2
= < 100 =
Liquid phase £ 1000 5
e 1 o
l_ mm
800 110
600 ]
| 4 1
400 - 3

T T T : T : T : T : T

0 2 4 6 8 10 12
Distance (mm), Time -0.5s

] 9
01 8
6

10

16 mm

Fig. 1. Comparison of quantities describing melt pool from multiphysical simulation of LSR process

Preliminary experimental results

As a first step of the experimental study, the measurement with spectrometers was carried out. The result shows

that in case of VIS band the highest intensity from the melt pool was obtained between 0.5 and 0.8 ym, whereas in SWIR
band the intensity peak occurs around 1.7 ym (fig. 2a), therefore the selection of VIS and SWIR camera can be recognized
as correct. The preliminary results obtained in measurements with VIS and SWIR camera were shown in Fig. 2b,c. The
images indicate that the extended selection of acquisition parameters should be performed for more complete imaging of
simulation results.
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Fig. 2. Results obtained with VIS-SWIR spectrometers (a), VIS camera (b) and SWIR camera (c)
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