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Abstract Laser double-wire MIG arc hybrid welding has the characteristics of large weld penetration, high metal
deposition rate and good welding quality, however, the underlying interaction is so complicated that it brings some
difficulties in the practical applications. A coupling mechanism between two arcs and laser-induced plasma is
proposed based on the electromagnetic field theory. When the difference between the Lorentz force and electric field
force generated by the two arcs acting on the electrons in the middle part of the laser-induced plasma is significant,
the electron distributions at two ends of plasma are not uniform, which causes one arc bend, the driving force to be
reduced along the wire axis, and the droplet transfer become more difficult. When the two force are balanced, the
electron distributions at two ends are relatively uniform, and the plasma can attract and stabilize the two arcs, which
results in a smooth droplet transfer. Laser double-wire MIG arc hybrid welding process is experimentally studied by
using the high speed photography system and signal acquisition system, and the results show that when the welding
process parameters are not suitable, the arc severely deviates from the wire axis so that unstable globular transfer
and short circuiting transfer occur. In contrast, when the welding process parameters are suitable, the roots of the
two arcs are fixed to the bottom of laser-induced plasma and a smooth and directional spray metal transfer with low
spatter loss is achieved.

Key words laser technique; laser double-wire MIG arc hybrid welding; coupling mechanism; laser induced plasma;
arc; metal transfer

OCIS codes 140.3390; 350.3390; 350.5400; 350.3850

Wi BEHE: 2016-01-18; W RIS FE B HA: 2016-03-02
ELWE . Wity AREBERE S (E2013210030) 3 b 2 8 4524 46 Bl 22 HR BF 55 38 S 01 H (Z22012010)
EE®EAN . %R A975—), B Wt fl 87, TENFEOCE G 18T 7 R B ol 25 05 ) 1 BF 5T .

E-mail: lianhai_hu@stdu.edu.cn

0602005-1



1 5] E

T AR O L IR A IR R R R SR, ) I A A A A VR A A Tl A Rt
ZHEARRAME G A FEEHOC SR RIS, W CO./YAG OG5 B W A S R 5 f ok,
CO. /Y AGHOE 51 A A ARG /5 AR S M AR LR (MIG/MAG) IR YAG BOE 5 % 3 Tl &
A00) OE R [ P AR RO A R A R SR R R AT T RO R M AR T O E A R
AR RS R B YO S B IR AR A e — O T SO AE R A A 1 AR S RO R A T —
AR e I B BE L B S R4 F I o5 — T SO AR R T R I R RN R IO B L A B T R R
PERYFE R 2001 AR I IR 2 R B2 B 5K T I BF 58 N B FE SO -+ MIG U G R 5 X022 A5 11 3k il
FL R T —REOE S MIG BRI E SR BN Gu SR A s BRI BX T YAG BOG-
Jik o SRS A AR AT T RS . RS R B0 DU AT A AR R AR B B B B AR E L B RS i A
B I RO R R T

SR o o T30 — B U DU 9 A G A5 T S HR I TR A B 2= 1 38 BAR L AR A DL AR 5 52 2% 0 T 0
R B RY  1Y BY RY ESE Z T RS . IR TS ERE O T ARAF AR E 0 L I A R
R A K 4 BT L A AR T AT R R IR L 3k 45 A R T — a2 A IR ET

XGRS AR EE LB R D 58 R T4 SO - SCR AR B 0 e A P N . AR SC R BRI
FEEEE B R 55 00 I GIOUL AR EL A T o 24 1700 53 B F, 9T 285 949 28 00 6T I ok 38 A 422 5 R A Pk ) 5 T

2 R E MRS Tk

IR R g bW 52 10 kA F AR R B T CCS-B, M 8 14 mm, BB 22 850 TM56, 1 22 1112 h
1.2 mm, 563 R FH#EE TRUMPF 2 8] 4E 72 () TLE15000 turbo P 4l A1 CO, BOG#S . i H 1
BLAT 51 R 25 22 KEMPPI /23 6] 42 72 1 Pro5200 BYXEHL AT Hb A FRONTUS 2 ®] 4 7= 1) TPS4000 BUAEHL, SR
FHASAR 23 5L T PRI L 80 Sk S v 8 06 B0 A G R 4 5 =X A AR AR Dy 7= A2 5| 5 H I KR AR, /KK T
B 307, 2 KA Ry 7= A SRt P A KA, 5 KT 1T AR 45°, SR B R B L WL 1 s . iR R 4
1000 frame/s [ B X5 3OO 35045 B3 7 A MG A4S B S E AT 4048, L 3000 frame/s (039 85 X6 425 10 ook I a0F 47 R
RO, R B S S AR R R — K P b JF S R R .

welding direction
_—

welding| wire feeder laser source welding
power power
source wire feeder source

@ @ ® o

nozzle

trailing arc
leading arc

workpiece

B 1 - MIG iURE & R ke 8
Fig. 1 Experimental setup of laser double-wire MIG hybrid welding
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Fig. 2 Movement and distribution of charged particles in laser-induced plasma for laser double-wire MIG hybrid welding.

(a) Stable state; (b) unstable state
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Fig. 3 Forces acting on the droplet in laser double-wire MIG hybrid welding
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Fig. 4 High-speed photographs of laser double-wire MIG hybrid welding with two stable arcs (£,=1000 ms).

(a) Interaction between two arcs and laser-induced plasma; (b) metal transfer
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Fig. 5 Current and voltage waveforms of laser double-wire MIG hybrid welding with two stable arcs.
(a) Leading arc; (b) trailing arc
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Fig. 6 High-speed photographs of laser double-wire MIG hybrid welding with an unstable leading arc (£, =1000 ms).

(a) Interaction between two arcs and laser-induced plasma; (b) metal transfer
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Fig. 7 Current and voltage waveforms of laser double-wire MIG hybrid welding with an unstable leading arc.

(a) Leading arc; (b) trailing arc
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Fig. 8 High-speed photographs of laser double-wire MIG hybrid welding with an unstable trailing arc (£, =1000 ms).

(a) Interaction between two arcs and laser-induced plasma; (b) metal transfer
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Fig. 9 Current and voltage waveforms of laser double-wire MIG hybrid welding with an unstable trailing arc.

(a) Leading arc; (b) trailing arc
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Fig. 10 Welds and cross sections of laser double-wire MIG hybrid welding. (a) Two stable arcs; (b) unstable leading arc
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