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Fig. 1 Laser induced arc hybrid welding theory graph
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Fig. 2 Distribution of Ar atoms in laser induced arc hybrid
welding process
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Fig. 3 Comparison of arc welding, laser welding and laser

induced arc hybrid welding penetrations
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Fig. 4 Variations of plasma electron temperature in TIG
welding and hybrid welding processes
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Fig. 5 Keyhole shape in low power laser induced arc hy-

brid welding process
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Fig. 6 Laser induced TIG hybrid welding magnesium alloy

plate with 0.5 mm thickness
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Fig. 7 Magnesium butt joint with large dimensions by low
power laser induced TIG hybrid welding technology
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Fig. 8 Low power laser induced TIG hybrid welding TC4
Ti alloy butt joint
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Fig. 9 Fractures of Q235 steel base metal and laser in-
duced arc hybrid welding joint

BN B R BOLE T MAG HE A 4R 4%
B3k UV e BRI 58 25 3R B, 5 AR A9 K T 3
ot - MAG LA S 42 2500 IR D) R WOL T MAG
FL A B A R RE BB AT 8T ] A% 9% T 1 B 11 T
B, B AR | IR R A A 4 v B T [ R
Przig

3 % ®

(1) BB ARIFOLT PRI SR AR R —
FHCH TR ) 52 AR RO 3 i AR D RO RS B Y
5 (T PRI RE T2 2 R MR 2 1 iR, 7 AR BE B P K
IROEAE T R IE T RIIRBOCAR A BRI i)
FHZREAL , WG E O HOETE & B VR S IR 7R B IR
RESLTHAEAS T T 2R A5 i BE i 2 R BS5E T A

(2) JFAARREREBOLTE T B IR & AR
PR RONER % R ZNER B THea &
B BRE E LOR AR LT R R ORI R
i AR SRR AR T IR I RERE. ORI
BOLIHA L RREFEROLIE S RUIME S AA —
TE A E E 78 RAIL A L 2 il U R A )
] ) RO FH 5%

SE Lk

[1] Steen W M. Arc augmented laser processing of materials[ J].

Journal of Applied Physics, 1980, 51(11): 5636 —5641.

[2] Steen W M, Eboo M. Arc augmented laser welding[ J]. Metal
Construction, 1979, 7. 332 —-335.

[3] Kelly S M, Brown S W, Tressler J] F. Using hybrid laser-arc
welding to reduce distortion in ship panels[ J]. Welding Journal
2009, 88(3): 32 -36.

[4] Hu B, den Ouden G. Synergetic effects of hybrid laser/arc weld-
ing[ J]. Science and Technology of Welding and Joining, 2005,
10(4) : 427 —431.

[5] BY Roepke C, Liu S, Kelly S, et al. Martukanitz, hybrid laser
arc welding process evaluation on DH36 and EH36 steel [ J].
Welding Journal, 2010, 89(7) . 140 —150.

[6] 1lan D Harris, Mark I. Norfolk, hybrid laser/gas metal arc weld-
ing of high strength steel gas transmission pipelines[ C] // Cal-
gary, Alberta, Canada, 7th International Pipeline Conference,
2008 61 - 66.

(7] FHHEYE, RIER, ZEZ, 5 #OL - CMAW &5 MR
B UV A BAEASAOL - 0P ok e 0 P 9 Ak L5 R AR 8 B
HE[I]. & JEAR, 2009, 45(1) ; 107 - 112.

Xu Guoxiang, Wu Chuansong, Qin Guoliang, et al. Numerical
simulation of weldingformation in laser + GMAW hybrid welding
Il treatment of pulsed arc action and improvement of heat source
modes[ J]. Acta Metallurgica Sinica, 2009, 45(1): 107 —112.

(8] E M, Bk, BT R, & HOL - MAG HIE & AR
Bt BIGMIR K )], B, 2006, 27(2) : 6 - 10.
Wang Wei, Wang Xuyou, Zhao Ziliang, et al. Influential factors
in laser-MAG hybrid welding process [ J]. Transactions of the
China Welding Institution, 2006, 27(2): 6 —10.

(9] BRETZ, ZMBE, R bk BIIOSBOEI IS AR 1 5 i)

T[] B2, 2003, 24(3) 56 - 58.
Chen Yanbin, Li Liqun, Wu Lin. Quantitative measurement of
absorption and defocusing of laser beam by electric arc [ J].
Transactions of the China Welding Institution, 2003, 24(3) : 56
-58.

[10] Gao Ming, Zeng Xiaoyan, Hu Qianwu, et al. Laser-TIG hybrid
welding of ultra-fine grained steel[ J]. Journal of Materials Pro-
cessing Technology, 2009, 209 . 785 —-791.

(1] # T, pE-—R, FRER YAG BOGS ke MIC Z &%
H[1]. SRR, 2002, 23(5) : 81 -83.

Fan Ding, Nakata K, Ushio M. Study of YAG laser-pulsed MIG
hybrid welding process[ J]. Transactions of the China Welding
Institution, 2002, 23(5) : 81 -83.

[12] Huang Ruisheng, Liu Liming. Infrared temperature measurement
and interference analysis of magnesium alloys in hybrid laser-TIG
welding process[ J]. Materials Science & Engineering A, 2007,
447(1/2) : 239 -243.

[13] Liu Liming, Hao Xinfeng. Study of the effect of low-power pulse
laser on arc plasma and magnesium alloy target in hybrid welding
by spectral diagnose technique[J]. Journal of Physics D: Ap-

plied Physics, 2008(41) : 205202 -1 -10.

YEE TBIIT 2 XU, 5 1967 4E ik Wit 2R, BRI N
O RREREF AR 554, ARIBC 100 A%, Email: liulm@ dlut.

edu. cn



