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Effect of Assist Gas on Laser Induced Plasma and Bead Formation in Welding of

Structural Steel by CW Nd:YAG Laser
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Abstract

In this study high power Nd:YAG laser welding of structural steel was investigated. For the test steel blocks of
50X 50 X200mm were cut and machined, and bead-on-plate weld was made on the machined surface. Argon, nitrogen,
helium, dry air or mixed gases were used to find the effect of shielding conditions on the bead formation.

Results demonstrated that there were Fe 1 rich region and Fe II rich region in the laser induced plasma column
based on the spectral analysis with S-2000 field spectrometer. The Fe I region was located at the root of the column
near keyhole opening. On the other hand, Fe II region was found at the middle of the plasma column. In the
Nd:YAG laser welding, Fe I region emitted continuum which had peak value at wave length of around 710nm, and
Fe 1I region had the peak at 580nm. In the welding of steel by CO, laser, however, no continuum was observed.
There showed two groups of strong spikes in the CO, laser welding; the first group was displayed at the wave band
of 450-560nm. This spike group emitted stronger intensity of light and sharper peaks than those group at 680-800nm.
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110 A AE-AEE
1EE CW Nd:YAG #°ojx £3elA LIPY A% Table 2 Welding and LIP monitoring conditions
A718 @AY BEFEMVE ol &std AFTL ii -
g ) Laser power (kW) 1,2
4% 284 wolt AR W wavhael AY =
B Travel speed(mm/s) 17, 22
do] 24 B A P ek A% 2
2 A]z‘ig% 7/’]\0114'. Position of focus specimen surface
Assist gas Ar, Ny, dry air, He, CO,, mixed gas
2 Jélf-’,;l Gas pressure (kPa) typically 196
LIP analysis range{nm)| 200-850
21 AR Spatial resolution(pm) | 600 at the focal point
*l?‘éxﬂ—t— Table 1°f ®lutet 2ol 0.12wt%e] & BRRNC 06mmel TEASS e A&Pe
25 ok &8 AdAENer 50x50X200mm 9 1 3nme AR e BRFE EP|E A
9 @72 FEE B5F ol&sith olAL E A F golA 4TRSS A=Y 2AHYAE 1
o] Bxo] AZAE YolA&ddA LIPY AT & o] Anel EFAAE o] &3 e e B 4
HzPd e 445 34 A4S AR Ao 53 238 Bsle At Fig. 1o AAE 3l
o] A7 wFo|AH. upe} zho] 71& FE-(FE: 0, 008 42 Astxt

Table 1 Chemical compositions of base metal(wt%)

C Si Mn P S
0.120 0.019 0.98 0.017 0.016
22 Alga
Fig. 12 & Ao A8d AR #A4& o

B = 740]‘4 £48L Nd:YAG Bﬂolxi e
CO; dol# &HAAE A83lla Hed A9 £
Aol H= & Z#o]E(°]F BOP) *q-zé'o‘ |44 4
o] 150mm=. e 478101]*1 LIP A%E A3
o} Al Adz W= Table 29 L}E}Lﬂﬁ’io
o B3R Ao f4o] s HHE AA(ERM
Aol A ek 50mm o] F)ellA AAIEH

Welding direction

IFig. 1 Test setup for LIP spectrum analysis.
a! welding head, b: specimen, ¢: monitoring
unit, d: assist gas A: (-1. 1), B: (1, 0),
C: (1, 1). D: (0, 0), E: (-1, -0.5), F: (0,
-0.5), G: (1, -0.5)
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