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Laser Weldability, Monitoring Results and Pulse Duration Contro! under Different Defocused Conditions
- Adaptive Control in Laser Micro-Spot Lap Welding of Aluminum Alloy (Report IT) -
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With the objective of obtaining a fundamental knowledge for further development of monitoring and adaptive
control procedures for laser lap welding of thin sheets, micro-spot lap welding was performed on A3003 aluminum alloy
sheets of 0.1 mm in thickness with a pulsed YAG laser at different laser pulse durations controlled on the basis of
in-process monitoring signals. In this research, the monitoring signals and pulse width controls suitable for stable and
consistent production of sound full-penetration welds were investigated at two different defocused distances. At the
distances investigated, there was a difference in the generation and behavior of laser-induced plume, and full-penetration
welds were produced for several laser pulse durations. In-process monitoring results showed that the reflected light and
the heat radiation signals were more effective in the case of the formation of a laser-induced plume and no apparent plume,
respectively. Accordingly, the laser pulse duration was controlled at 0.15 ms intervals on the basis of the proper selec-
tion of the reflected light power or the heat radiation intensity. Consequently, fully penetrated laser spot lap-weld fusion
zones without a bum-through hole or with the prescribed bottom surface sizes were consistenily produced in all 20
samples under the respective defocused conditions. This also confirmed that the most proper signals of in-process
monitoring for adaptive contro! should be selected by considering the existence of laser-induced plume.

Keywards: in-process monitoring, laser pulse duration, duration control, heat radiation, reflected light,

laser defocusing position, laser-induced plume.
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Fig. I Schematic experimental set-up of in-process monitoring
and laser adaptive control system.
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Table 1 Welding conditions with pulsed YAG laser.
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Fig. 2 Laser power density as a function of defocused
distance in using focusing optics of welding ap-
paratus developed for adaptive control.

(These values were obtained from the areas of
evaporated carbon traces.)
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Fig. 3 Effect of defocused distance on sizes of laser lap
welds in thin A3003 sheets.
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Fig. 5 Monitoring results during full-penetration welding of
A3003 sheets of 0.1 mm in thickness performed at -1
mm defocused distance, showing laser pulse shape,
reflected light and heat radiation signals, and
high-speed observation images of plume and molien
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