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Development of High Speed Pure Copper Layer Formation Technology Using
Multi Beam Laser Cladding System with High Intensity Blue Diode Lasers
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(Received August 10, 2021)

Multi-beam laser cladding system is a method of forming a layer by heating and melting both a substrate and powders with
lasers. Due to the melting of flying powder, it is possible to form a layer having a dilution region of 10 um or less. The
cladding speed in multi-beam laser cladding has not been increased. We developed a high intensity laser cladding system using
three 100 W blue diode lasers, and performed high-speed laser cladding with a cladding speed of 100 mm/s. A model for the
powder heating distance of a three-beam multi-laser cladding system was derived. The region of uniform heating in multi-laser
cladding using three beams was clarified. As a result of performing laser coating under the set conditions, the desired high-
quality layer was obtained. The correlation between the laser power density and the dilution layer was clarified.
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Fig.1 Schematic diagram of multi-beam laser cladding system
with three blue diode lasers.
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flow.
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Fig.3 (a) Schematic diagram of the laser 1 and powder flow. (b)
Heating length of a particle, L,, in the yz plane in the range of
-r/cost) = x = r/cosf) L, is varied in the range of -|0'4, | =
y=1]0'4, |. (c) Laser spot of laser 1 in the xy plane at z=0.
|O'4,| is varied in the range of -7/cosf = x =r/cosf. (d)
Schematic diagram of of Laser 1 and the powder in flight in the
xz plane. |O'B| is varied in the range of —7/cosf = x = r/cos0.
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Fig. 4 L, calculated by equation (13) in the ranges of ~159 < { =
159 pm and -145 =m = 145 pm, where 6 and 7 are 24°
and 145 um, respectively.
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Fig.5 Laser spots of laser 1, 2 and 3 in the xy plane. Laser 2 and
the laser 3 are rotated by a degrees and f degrees around
from the laser 1, respectively.
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Fig. 7 Particle size distribution of the copper powder. The bar
graph shows the frequency. The line graph shows the
relative frequency.
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Fig. 8 Beam profiles of laser spot with three superimposed lasers
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Table 1 Laser cladding condition.
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1.3 86
1.4 92
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100 7.8 0.5 10 16 106
1.7 112
1.8 119

Fig. 9 Optical images of the coating layer surfaces at the laser
intensity of (a) 1.3x10° W/ecm’®, (b) 1.4x10° W/em’, (c)
1.5x10° W/em?, (d) 1.6x10° W/em?®, (e) 1.7x10° W/cm®
and (f) 1.8%10° W/ecm’.
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Fig. 10 Optical images of the cross section of coating layer at the
laser intensity of (a) 1.5% 10° W/em®, (b) 1.6%10° W/cm’,
() 1.7%10° W/em® and (d) 1.8 10° W/em®,
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Fig. 11 Detecting intensity of copper and iron in line analysis of

coating cross section at the laser intensity of (a) 1.5% 10’
W/em® and (b) 1.8%10° W/en’.
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Fig. 12 Dependence of dilution area on laser intensity.
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Fig. 13 Dependence of penetration depth on intensity in bead on
plate welding.
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