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Visualization of Interaction between Probe Laser Beam and Nd:YAG-Laser-Induced Plume
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This study was performed with the objective of obtaining a fundamental knowledge of the interaction between a
YAG laser-induced plume and a probe laser such as a fiber laser beam. The interactions were investigated by the power
meter measurment and the 10,000 F/s high-speed observation of the spot behavior or brightness of the fiber laser beam
(11,090 nm) which passed vertically through the plume induced during bead-on-plate welding of 8 mm thick SUS 304
plate with 1.5 kW Nd:YAG laser beam (1:1,064 nm). The plume was recognized to be a non-lonized metal vapor by
spectroscopy. The high-speed observations revealed that a 100 ps-rapid movement and a brighiness decrease of the fiber
laser spot during welding were caused at random by not only the existence of a laser-induced plume but also the density
difference between the plume and shielding gas. The rapid spot movement and the lower brightness indicated the
refraction due to density difference and the attenuation by Rayleigh scattering, respectively. The maximum refraction and
attenuation were 1.36 milli-radian and 4.3 percentages on the average, which were lower in comparison with the other
laser beam parameters such as the divergence or the variation of high power laser beams. Consequently, the near-infrared
laser beams were recognized to deliver desirable wavelengths with the slight interaction against the laser-induced plume.
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Table # Chemical composition of SUS 304 used.
Chemical composition {(Mass %)
C Si Mn P S Ni Cr Fe
0.05 047 097 003 0003 8.03 18.02 Bal
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Fig. 1 Schematic experimental set-up of high-speed observation
and measurement system for interaction between probe
laser beam and laser-induced plume.
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Table 2 Laser welding conditions of bead-on-plate
welding for SUS 304.

YAG laser power, Pyas 1.5 kW
Focused position, 7y @ focus
Focal length, 7 200 mm
Spot diameter, Dy 600 um
Welding speed, v 20 mm/s
Shielding gas Ar

Gas flow rate, R, 30 //min
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Fig. 2 High-speed observation and spectroscopy of 1.5 kW
Nd:YAG laser-induced plume under Ar shielding gas.
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Fig. 3 1,000 F/s high-speed observation of rapid behavior of
visualized fiber laser beam spot.
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Fig. 4 Visualized spot distribution of fiber laser beam passed
through YAG laser-induced plume under Ar shielding gas.
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Fig. 3 Refraction angle at each probe laser height.
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Fig. 6 Refraction angle at 10-mm probe laser height under
welding conditions of YAG laser power increase or
several welding speed.
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Fig. 7 Typical interaction between probe laser beam and la-
ser-induced plume grown up in initial laser irradiation.
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Left plume image: view from direction perpendicular
to probe laser beam
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Fig. 10 Attenuation measurement of probe laser power and at-
tenuation at each probe laser height.

7 —[W]TH 5. Fig 10 (b)DO#EENT, BIEE X &y, [mm] T,
BN L — VT — DIRFEE 4% TH D, Fig 10 (@h b,
LY RHFBIARIO T 0 — T B b T — P R4 W
LEEL, lshh 5sETIFLALEDL LT, ZOEHD
P 12427 W OERR L, BEE 4= Ppo™™ - Pro™)
P33 % ThHole. £7 0 —T U —LEER E 5,108
TBRMER A FHE LR, Fig 10MIRT L o7
—ADORIITE DI ONT, BEE 4D E 2 DHEE
Llgodz. EDIL, BELEALPEKRERLD =3 mm OfL
BCOBEERAY, T —Puch D WITEEEE vEE X
THREL., BESEBLLTE Pucls 2BI03 kW
HHNE 820 BLTV S0mm/s THD. BER% Fig. 111
RY. MEEHIIIREE R 4,[%] T, Figll ()3 X b)Y REE T
IR —Poac kWl E BEEEE vimm/s] TH B, /ST —Pyg®

Welding Speed, v =20 mm/s YAG laser power, Py, =3 kW

~ oo

[#]

Py

position :

0 1 2 3 4 0O 20 40 80
YAG laser power, Py, [kW]

<

Attenuation of probe laser power, A, [%]
[N

Welding Speed, v [mm/s]

(a)YAG laser power increase  (b)Several welding seeds
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