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Abstract.

A specialized metrological optical window with an infrared camera is proposed for studying the laser melting
processes of metal powders.The proposed optical window enables temperature monitoring of metal powder laser
melting during additive parts manufacturing.Based on the monitoring results, it becomes possible to implement
automatic quality control of the laser melting process by generating feedback control signals to regulate the laser
power.
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In recent years, additive manufacturing (AM) has gained significant traction in high-tech industries such as
aerospace, medicine, automotive, defense, and tooling [1,2]. Unlike traditional subtractive methods, AM creates
components layer by layer, enabling the production of intricate and highly customized designs. One of the most
advanced AM techniques, Laser Powder Bed Fusion for Metals (LBP-BF/M), allows for the fabrication of
complex, high-precision parts. Continued technological advancements have expanded the capabilities of LBP-
BF/M, making it suitable for a wide range of demanding applications. However, the quality of the metal laser
melting process is highly sensitive to factors such as melting temperature, scanning speed, laser power, and
environmental conditions. Improper settings can lead to various defects, including porosity, keyhole formation,
and the balling effect caused by surface tension [3,4]. To address these challenges, developing a specialized optical
window equipped with an infrared (IR) camera for the EOSINT M280 system is a pressing scientific task.
Replacing the standard window, this innovation enables real-time temperature monitoring during the laser melting
process and provides a pathway for closed-loop laser power control, thereby improving LBP-BF/M process
quality.

The optical window developed for the EOSINT M280 system with the FLIR A700 IR camera is shown in

Figure 1.
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Figure 1 — The EOSINT M280 sys?tem is fitted with an optical window incorporating the FLIR A700 IR ‘
camera



The ZnSe optical window supports the transmission of infrared wavelengths in the range of 3 to 12 pum.
Comprehensive technical specifications can be found on the manufacturer’s website [5]. The FLIR A700 IR
camera operates across a wide temperature range — from 300 to 2000 °C — offering high-precision measurements
with an accuracy of 2%. It functions within a spectral range of 7.5 to 14 um and features a dedicated output for
generating feedback control signals [6].

Using the proposed optical window, it became possible to measure the melting temperatures of metal powders.
For example, when studying the processes of laser melting of IN718 alloy powder and 316L steel powder, the
results of temperature measurements were obtained at a laser power of 285 W for IN718 alloy and 195 W for 316L
steel (Figure 2).
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a) IN 718 alloy at 285 W laser power; b) 316L steel at laser power 195 W
Figure 2 — Melting Temperature Measurements of Inconel 718 and 316L Powders

As seen in Figure 2, the in situ measured temperatures obtained during the LPBF/M process show that the
recorded values often exceed the actual temperatures. This is due to the following factors:

- optical artifacts and signal noise: Infrared sensors detect thermal radiation intensity, which may not always
correlate directly with actual temperature. Fluctuations in material emissivity, along with interference from
spatter, fumes, vapor, and reflections off chamber walls or previously solidified layers, can distort the
measurements;

- localized overheating and energy concentration: The laser introduces a highly concentrated energy input into
a small melt pool area. Consequently, the temperature in this zone often exceeds the melting point to ensure
consistent melting behavior and proper flow of the molten material;

- melting and evaporation phenomena: Under high laser power, localized material evaporation can occur. If
the sensor captures an area undergoing intense evaporation, the resulting temperature readings may be
significantly overestimated.

To eliminate the above factors, we proposed to apply Kalman filtering to the measured temperature values
using an IR camera [7, 8]. Based on theoretical information on the concept of uncertainty [8-16], before applying
the Kalman filtering algorithm, the Type A measurement uncertainty — describing process noise Q,=u2(T) — was
calculated, along with the combined Type B uncertainty, which characterizes measurement noise P,_; = uBmst

The measurement results after applying Kalman filtering are shown in Figure 2a (brown line). As a result of the
research on the melting temperatures of metal powders, it was found that the maximum experimental Type A
measurement uncertainty did not exceed w,y,,5(T) =43°C for the melting of IN718 powder and
Uyz16.(T) =11.8°C for the melting of 316L steel powder. Meanwhile, the combined Type B uncertainty was
up,, ., ~40.5°C.

Thus, the use of the developed optical window with an IR camera, combined with signal filtering, enables in-
situ monitoring of metal powder melting temperatures. This approach allows for quality control of the laser melting
process by regulating laser power through a feedback mechanism.
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JOCJIKEHHS MPOLECIB ITPAMOTI'O JIASEPHOI'O PO3IIJIABJIEHHA METAJIEBUX
MOPOIIKIB Y BYJIIBHIII KAMEPI CACTEMM EOSINT M280 3A JJOIIOMOTI' OO
PO3POBJIEHOT'O OITHYHOI'O BIKHA

Anoraunis.

3anpononosano cneyianizogane memponociune onmuune GIKHO 3 IHQPAUEPBOHOIO KAMEPOIO 0Nl OOCHIONCEHHS
npoyecis 1a3epHo2o NIAGICHH Memaiesux nopowKie. 3anpononogare onmuyHe iKHO 0ae 3M02y 30iliCHIO8aMU
MOHImoOpuHe memnepamypu ni0 4ac J1A3epHo20 NIAGIEHHA NOPOWKIE Memany 6 Npoyeci aoumuHo20
eucomoenents oemaneti. Ha ocnogi pe3yibmamieé MOHIMOPUHSY CMAE MOICIUSUM ABMOMAMUYHE KepYEaHHS
AKICMIO npoyecy 1a3epHO20 NAAGNEHH WIAXOM QOPMYSBAHHA CUSHANIE 360POTMHO20 38 A3KY Ol pecynio8anHs.
nomyoscHOCMI 1azepa.

KirouoBi cjioBa: onTryHe BiKHO, Ja3epHE IIIaBIEHHS, iHppadepBoHA TepMorpadis, afUTHBHE BUPOOHHUIITBO,
MOTY>KHICTB J1a3epa

Vasilevskyi Oleksandr - crapumit HayKOBWI JIOCTIJHUK, JenapTaMeHT MEXaHI4HOI iHxkeHepii iMeHi Yokepa,
Texacpkuit yHiBepcurer B Ocrtini, e-mail: oleksandr.vasilevskyi@austin.utexas.edu

Woods Alexandra — cryzeHT OakanmaBpaty, AelapTaMeHT MexaHiuHoOi imkeHepii iMeHi Yokepa, Texachkuit
yaiBepcuteT B OcTiHi, e-mail: alexandra-woods@utexas.edu

Cullinan Michael — nouenr, memapramenT MmexaniuHoi iHkeHepii iMeHi Yokepa, Texacbkuit yHiBepcuUTET B
Ocriui, e-mail: michael.cullinan@austin.utexas.edu



mailto:alexandra-woods@utexas.edu
mailto:oleksandr.vasilevskyi@austin.utexas.edu
mailto:alexandra-woods@utexas.edu
mailto:michael.cullinan@austin.utexas.edu

