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In-Process Monitoring and Adaptive Control in Laser Micro Butt Welding of Pure Titanium (First Report)
— In-Process Monitoring of Welding Phenomena Induced by Change in Laser Peak Power during Pulsed Laser Spot Welding
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In-process monitoring and adaptive control have been increasingly expected as one of the useful procedures in
order to produce sound welds stably. However, few studies have been tried to obtain the fundamental knowledge of
in-process monitoring for adaptive control. The objectives of this research are to evaluate the monitoring abilities of heat
radiation or reflected light in the butt micro-welding of pure titanium rods with a pulsed Nd:YAG laser beam, and to
investigate the welding phenomena caused by a 150 us-rapid increase or decrease of laser peak power during laser
irradiation in order to utilize adaptive control effectively. It was revealed that the reflected light intensity represented the
remarkable change of the surface condition during the formation of a molten pool, and the heat radiation signal had the
clear correlation to the molten pool size or the penetration depth for respective laser powers. Moreover, the heat radiation
had high reproducibility in spite of the surface difference made by the overlapped rate of 1/3, 1/2 and 2/3. It was also
found that the heat radiation intesity had a quick response to the rapid change of laser peak power, and then the correlation
between the heat radiation and the molten pool size was kept in the designed laser power. These experimental results
suggest that the heat radiation signal sholud be desirable signal for the input of adaptive control.
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Fig. 1 Schematic experimental set-up of in-process monitoring
and laser adaptive control system.
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Fig. 3 Monitoring results of typical butt weld of pure titanium, show-
ing laser pulse shape, reflected light and heat radiation signals,
and high-speed observation images of spot molten pool.
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Fig. 4 Relationship between surface diameter of molten area and
heat radiation for three typical surfaces.
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Fig. 6 Relationship between penetration depth and heat radiation
for each laser peak power.
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