F36E 12l
2009 4 12 H

H WOt
CHINESE JOURNAL OF LASERS

Vol. 36,No. 12
December, 2009

XEHS: 0258-7025(2009)12-3167-07

kYR YAG BOt-Is e T IR 4 1R %
HLYR A 2 TR O iE 52

ANER Zwm: EEY

CRIEB TR MBI 5 TRS%E, L7 KiE 116024)

FEE RS R I R AR AR OGS 43 BT AL 43 B S AR D Y AG OG- AR R IR (GMAW) £ &
JRE T AR T A IR A R R S R B TR R AL . FE LR b 0B AR R R A T A SR o B
AR B RIS TR IIT MARAE . RG] RT3 YAG OG5 R % GMAW 1 9K, 45 25 H 955 &6 X 88 114
TR JE F (15400E900) K, L T84 % (1. 26520, 101) X 107 em ™, [ AL T GMAW HBE i iy &R 3F T R4

INAF B 7 SR AR Ay 2 B (LTE) i 7

KRB BOLHOR WOLE SR LIRS B A OGRS TR R R 2 P

FESFEES TG456.9 T EEARIRED A

doi: 10.3788/CJL20093612.3167

Behavior Analysis of Low Power YAG Laser-Gas Metal Arc Welding
Hybrid Welding Arc Plasma
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Abstract Behavior of welding arc plasma, characteristic of welding voltage, local changes of electron temperature

and electron density were investigated respectively with high speed camera, inductance gauge of current and voltage,
spectrometer in low power YAG laser-gas metal arc welding (GMAW) hybrid welding process comparing with simple
GMAW welding case. Based on the experimental results, behaviors of hybrid welding arc plasma were explained by
plasma theory of thermodynamic equilibrium. The results indicated that, due to the input of YAG laser, the GMAW

arc was attracted and constricted, electron temperature and electron density of local arc were increased to
(154004+900) K and (1.265=+0.101) X 10" cm *, the voltage output of GMAW source was decreased, and the
formation of local thermodynamic equilibrium (LTE) of hybrid welding arc plasma was accelerated.
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Table 1 Welding parameters

Welding parameters Values
Average laser power P /W 200
Lens focus f /mm 120
Defocusing amount Az /mm 0
Laser pulse width /ms 3
Laser pulse frequency /Hz 31
Laser beam diameter /mm 0.5
GMAW peak current /A 425
GMAW base current /A 40
GMAW current pulse width /ms 3
GMAW current frequency /Hz 186
GMAW average voltage U /V 31
Welding wire speed /(m/min) 8
Flow rate of shielding gas /(L/min) 15
Welding speed v /(m/ min) 0.8
Laser-arc distance Dj/mm 0

Angle of welding torch a /(%) 40
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captured in YAG laser-GMAW hybrid welding process
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Fig.5 Electron temperature measurement of welding arc. (a) Typical Boltzmann plot for selected Fell emission lines
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