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Adaptive Control in Laser Micro-Spot Lap Welding of Aluminum Alloy (Report I)
— Adaptive Control for Fully-Penetrated Micro Welding of Thin Sheets —
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This paper describes the first investigation results of adaptive control for micro-spot lap welding of A3003 alumi-
num alloy sheets of 0.1 mm in thickness with a pulsed fundamental YAG laser beam. The objective of this research is o
produce full-penetration spot welds without through-holes stably. Through investigation of 20 samples under the just
focused conditions, 2 full-penetration welds with through-holes were pmdueeé. These in-process monitoring results
showed that, in the case of the formation of welds with through-holes, the minimum value of the reflected light signal and
the fluctuation level of heat radiation signal were lower and wider, respectively, than the ones in normal full-penetration
welds. Therefore, the laser pulse peak power was controiled at 0.15 ms intervals in order to maintain the reflected hight
power and the heat radiation variation within the levels corresponding to the formation of normal full-penetration welds
during welding for 28 ms period. Consequently, fully penetrated welds without through-holes were consistently pro-
duced in all 20 samples under the monitoring of reflected light and heat radiation from the molten pool and the adaptive

control of a pulsed laser power.

Key words: in-process monitoring, adaptive control, heat radiation, reflected light, micro-spot lap welding,

pulsed YAG laser, aluminum alloy.
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Fig. 1 Schematic experimental set-up of in-process monitoring
and laser adaptive control system.
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(b} Bottom surface

{c) Cross section

Fig. 2 Surfaces and cross section of laser spot lap weld in A3003
sheets made at 2 kW power and 4 ms width.
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Fig. 3 Cross sections of normal full-penetration weld and weld
with through-hole.
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Fig. 4 Monitoring results of typical full-penetration weld of
A3003 sheets, showing laser pulse shape, reflected light
and heat radiation signals, and high-speed observation
images of laser-induced plume and molten pool.
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Fig. 5 Monitoring resuits in full-penetration A3003 weld with

through-hole, showing laser pulse shape, reflected light and
heat radiation signals, and high-speed observation images of
faser-induced plume and molten pool.
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O Spot weld fusion zone @ Through-hole in sheets
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Fig. 6 Relationship between spot weld fusion zone diameter on
bottom swrface and reflected light.
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Fig. 7 Relationship between spot weld fusion zone diameter on
bottom surface and heat radiation.
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Fig. 8 Flow chart of adaptive control based upon refiected light
and heat radiation signals.
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Fig. 10 Typical monitoring results under adaptive control during
short period, showing laser peal power, reflected light and
heat radiation signals.
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Fig. 11 Relationship between spot weld fusion zone diameter on
bottom surface and reflected light under adaptive control
condition.
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0 Spot weld fusion zone under adaptive control during 35.5 ms
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Fig. 14 Diameter of spot weld fusion zone on bottom surface made
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under conventional conditions.
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5 042 mm I, BEOEBEEEZDS 0.03 mm 25
0.2mm BEICKEBICHELE.

QU —VEBFEFICEARNARECAE R EREH 2N
ABT L, ARMEIETE AWERELTRT R
ERTE, BHEDLIARBREORT AESHEEO
BOEF YU TEELELTEHNTHEI E8bh

o7,
E i

ERFREOBITICHIZY, =i o VS, EISEEg
B OEREEL—FRERECBELT, THXEEVERTE
BEEEHNBIVFMER (S¥yF7 7/ 2K OBBREN
WWELERLBR L ETFET.
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