RV - ooE % Ok Vol. 44, No. 2
2017 4£ 2 A CHINESE JOURNAL OF LASERS February, 2017

/R SO A AR 1A 7 A B PR e L e
LEA, ZHE" KEE

Wy R Tl RS S IR e 5 4 ) R S S0 R 2 . RV IR /R I 150001

WE  UAEWRITENZ AT T 5 UG HOHOE AR H2 i 72 p 7 OB 8 MR S A, @t r 7 38 Z (R A9 AR
Kbk, BERFI, L BOE R BOG AR BE HL A R (R 9 b 2 AR S R Y B I 2 2 ) DU BRI R e i R
JREEIE A . WO TR 3 i R v R L =2 1) A9 AR AR 3 T OB B 2R 0 ), OB BUGE Z A R U B, T B O TR
S5 R 1) REAL R BRI ST i Bl o s U Bl O U R [ 2 S B RO R A T 0 2 e G

KEW  BOCEAR; BOGHBEOCIREE; ATl B

HESES TG456.7 XHttRiRES A

doi: 10.3788/CJL201744.0202002

Comparative Study of Molten Pool Behavior and Weld Formation
Characteristic in Single/Dual Beam Laser Welding
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Abstract With stainless steel as research target, the molten pool shape and weld morphology during the process of
single/dual beam laser welding are comparatively studied, and the relationship between both of them is established.
The results indicate that the evolution processes of molten pool shape are different for single and dual beam laser
welding and the molten pool size and weld morphology of dual beam laser welding are influenced by the spot
spacing. As for the process of dual beam laser welding, the interaction of two keyholes is perpendicular to the
connection line of the two laser beams which induces an enhanced melt flow, while as for that of single beam laser
welding, the melts flow radiantly and evenly from the keyhole. The difference between melt flow patterns is the key
to induce the difference in weld morphology under single/dual beam laser welding.
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Table 1 Chemical compositions of stainless steel (mass fraction, %)

Element C Mn Si Cr Ni P S Ti Fe

Content 0.045 1.08 0.47 17.02 9.02 0.034  0.0065 0.22 Bal.
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Fig. 1 Laser energy density distributions. (a) Single beam; (b) dual beam (spot spacing L =0.6 mm)
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Table 2 Process parameters in laser welding

Welding parameter Content
Laser power 2 kW
Dual beam energy ratio 50:50
Spot spacing (L) 0 mm (single beam) . 0.6 mm, 0.9 mm
Beam configuration Tandem
Welding speed (V) 0.1, 2, 4 m/min
Flow rate of shielding gas 20 L/min
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FH2 S ARk e O AR A Al B 6 1 LA B s A DX, L 808 nm, B KK AL B 10 s i LR AR B Sk
e A P 1y 808 nm B UEGHE L 25 BRAF B TR X R AL R T 98 KB BN 2 s

e AR B Sk VIR A OGS AR B i S B0R 10 %0 1 = SR Ak A U TR R R AT R R ol s SR T 4 R AL
5 WL 4% A5 % % T RIS 4R TR JES 0

0202002-2



®) l dual beam laser

3
‘ n' high speed video camera

' assistant light

shielding gas

molten pool

2 REREEE ., (0 WKEkg; (b BEEBRREA

Fig. 2 Experimental setup of laser welding. (a) Experimental equipment; (b) schematic diagram of welding process
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Fig. 3 Evolution process of molten pool Shape in smgle beam laser welding
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Fig. 4 Evolution process of molten pool shape in dual beam laser welding for spot spacing of 0.6 mm
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Fig. 5 Evolution process of molten pool shape in dual beam laser welding for spot spacing of 0.9 mm
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Fig. 6 Variation of molten pool size in single/dual beam laser welding. (a) X direction; (b) Y direction
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Fig. 7 Weld morphology of single/dual beam laser welding (irradiation time is 0.54 s).

(a) Single beam; (b) dual beam, L =0.6 mm; (c) dual beam, L =0.9 mm
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Table 3 Weld surface size of single/dual beam laser welding

Spot spacing /mm 0 (single beam) 0.6 0.9
Size of X direction /mm 2.9 3.7 4.0
Size of Y direction /mm 2.9 5.2 5.0
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Fig. 8 Molten pool shape at the stable stage of single/dual beam laser welding for welding speed of 1 m/min.

(a) Single beam; (b) dual beam, L =0.6 mm; (c) dual beam, L =0.9 mm
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Table 4 Molten pool size at the quasi-steady stage of single/dual beam laser welding

Spot spacing /mm 0 (single beam) 0.6 0.9
Molten pool length (X) /mm 3.5 4.7 5.3
Molten pool width (Y) /mm 1.4 2.9 2.1
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Fig. 9 Weld morphology of single/dual beam laser welding for welding speed of 4 m/min. (a) Single beam;
(b) dual beam, L=0.6 mm; (c¢) dual beam, L=0.9 mm
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Fig. 10 Weld sizes of single/dual beam laser welding under different welding speeds. (a) Weld depth;
(b) weld width
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Fig. 11 Melt flow patterns of single/dual beam laser welding. (a) Single beam; (b) dual beam, L =0.4 mm
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(a) Single beam; (b) dual beam
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