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Formation and Controlling Mechanism of Pores in Laser-TIG Hybrid
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Abstract The 6061-T6 aluminium alloys are welded by the laser-TIG hybrid heat source at a high speed. The

influences of process parameters such as arc current, laser pulse duration and laser frequency on pore formation are

studied. The results show that, in the process of laser-TIG hybrid welding of 6061-T6 aluminum alloys at a high
speed, the increase of welding speed makes the cooling speed of molten pool increase, there exist thin isometric
crystals in the weld microstructure, and the width of softening zone in the heat affected zone decreases. The change
of the cooling state of the molten pool results in the reduction of keyhole stability, the easy collapse of keyholes, and

the easy formation of pores in welds. With the increase of laser pulse duration, the number of pores decreases, and
the diameter also decreases. With the increase of laser pulse frequency, the number of pores first decreases and then

increases. When the arc current increases from 180 A to 200 A, the number of pores in welds significantly reduces.

Key words laser technique; hybrid welding; high speed welding; aluminium alloy; pores
OCIS codes 140.3390; 140.3538; 350.3390

17 = SR LA 6 ZR a4 AR A PR AL B 55 AL AR A 6 1Y
SRR AL M R 29 1 6 R85 & )iz MR

B AR RS e
b 2 S )2 T3l T3 MR BT Sl R S HTHGE 6 R e ELn . N e 2
KRGS, BELMERBEITEAERE PR TFZSACBREIENITT. Kb, 3ot X
PR (TIO EA A A AR R (MIG) ™ 55, - s 5 54 TR B A 0K 0 fE o 2 B R B/ i

Wi B 2017-10-08; YEEMWAL. 2017-11-01

BEEWHE . HEHARPARSE(11375038)

TEEEN: TAMHA982—), B W4, fl#R, FENHRBEE SRR ERE AR H MBS . E-mail: wang-hy@dlut.edu.cn
* BIEBKREA. Email: liulm@dlut.edu.cn

0302001-1



th i

i ot

P2 DX 6 R RS A R O R Y A g AR
AT Wang AEUYOR FHEOE-MIG & A O Kz
T A6NOLIS-T5 & 4, & I 82 450 A X #4532
AR B G A AR R RE M . 3 2ok 12 o O Sl T 1L
N A R B AR R TSR £
RTZESHUCER Y, & AR B b £ 7= AR B
PR AR v s b PN AR U SN AR e e i R
AL A B BA R VIR G, W IR 48 BUR B v BE A K
L N T I @ il i - /A
(GMAW) & & PR 0 I S FRAE , & BLLE o 45 14
T E AR REFL” I R, RE L RE L R
ANFLE BE 32 3 M LT A7 DT 5 380 R L T 1k R
MIFETE . “RLFL Y 2h A58 M v AR e i A 1L A S
PR 3 0 IR 3 T2 S50 1 R AL A RS T X I
B S 19 O B ik BT B .

Ascari 2 L HOE-GMAW &4 189 HL K
HL I XS AA6082 FR & & K AL BB U B A 3 250
M) 11 AR U ) B 6 LS AR /. Ola 250 & B,
WO fe B M EOE R B AR S AA6061-T6 4 &
A REFLT BT IR R RS T S TS FL Y B
FRSE . AL F7 A BRI T 48 2 B 1 42 i O
AT, WOt INE SRR T O
42 0 IR 4 O R, T LA S I R R R R
JEE B4 B R 4 L o [ B A e R 4 oAk B R AL )
MR T 5%,

AL 6061-T6 457 4 W WF 5T XF 4, ok F ik o
YAGHOG-TIGE & R AT T HOL R, 2 T

P T2 2 B0 BURE I 4 2 Sk UL IR L A 1 32
UL o R R Waste R 1= NI R o8 e A o
/D AR SR B 4R e A SRR AR I T R A

2 AR5k

SCE AR A 1.5 mm JEH 6061-T6 41 & 4 il
W, HAL S B W3 1. SRR R 1.064 pm Y fik
M Nd: YAG BOG a8 A7 B 505 B8 120 mm,
LB E AN 0.6 mm, SR AS U RIE AT AR
ot FH e A UV O SR AR B SR . SR O AR T
IRAE S R s R e EOR BRI 1 iR, 3L
oDy R EOEE R SRS A 2 R R R RS L AR S R
W3k 2,

F 1 6061-T6 14 4 ity 3 B AL MUY R BEAM B, %00

Table 1 Main chemical compositions of 6061-T6 aluminium

alloys (mass [raction, %)

Element Si Fe Mn Mg Al
Content 0.70 0.70 0.10 1.00 Bal.

laser beam

TIG torch

workpiece

/
s

welding direction
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Fig. 1 Schematic of laser-TIG hybrid welding
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Table 2 Process parameters of laser-TIG hybrid welding

Welding speed / 3
Parameter Torch angle /(*)

(memin ')

Laser-arc Shielding gas flow /

Defocusing /mm

distance /mm (Lemin ")

Value 3 60

—1 2 20
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Fig. 2 Morphologies of pores in vertical section of welds under different pulse durations. (a) 3 ms; (b) 4 ms; (¢) 5 ms
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Fig. 3 Porosity of laser-TIG hybrid welding
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Fig. 4 Morphologies of pores in 9 cross sections of welds at arc current of 180 A
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Fig. 5 Morphologies of pores in 9 cross sections of welds at arc current of 200 A
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