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Figure 1 (Color online) Schematic of laser-MIG hybrid deep-
penetration welding-brazing apparatus.
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Figure 2 (Color online) Generated mesh of laser-MIG hybrid deep-penetration welding-brazing joint. (a) Whole generated mesh; (b) generated mesh

of cross-section.

034207-3



MR, R EEE: WELY J)5E R0 2020 48 55 50 & 5K 3 4

JURCAY SO0 TN SR

B 3 WOL-MIGE & R A Y
Figure 3 Laser-MIG hybrid deep-penetration welding-brazing heat
source model.
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Figure 4 (Color online) Temperature distribution of Al/steel welding-brazing joint. (a) MIG; (b) laser; (c) laser-MIG hybrid.

034207-4


SEC4.1

N m LA,

trEBNE WEAE ) RICE 2020 F B 50 B BE 3 M)

1000
L (@) —=— Position 1
—— Position 2
800} —— Position 3
) L —— Position 4
© 600} e,
E L8y,
g tn o
g 400} i ‘e,
£ i tom, e
2 { .
200
L s
OQL'.. 1 I
5 10 15
Time (s)
1000 — 1200
F ® T Podtion © ——Position 1
800} —— Position 3 1000 - 4 ——Position 2
o \ —— Position 4 5 i ——Position 3
e r ) o g ——Position 4
° 600 Z, S 800F .:;" ——Position 5
5 r 2 .
2 H 5
g I % g 600 ‘““““"tn
2 400t e g ~
G toan, 5 400t —~—_l
200} IR !
J 200F
[ *
01‘—“". 1 " 1 N 0 lunes® L
5 10 15 5 10 15
Time (s) Time (s)

B 5 (WZRROR I s 6T 7 F T AR 3R 2k () B HLEIE; (b) BR0L; (o) BOE-MIGR &

Figure 5 (Color online) Thermal cycle of Al/steel welding-brazing interface. (a) MIG; (b) laser; (c) laser-MIG hybrid.
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Figure 6 (Color online) Temperature distribution of Al/steel laser-MIG hybrid welding-brazing joint with different laser deviation angle. (a) 5°; (b)

10° (c) 15°% (d) 20°.
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Figure 7 (Color online) Thermal cycle of Al/steel laser-MIG hybrid welding-brazing interface with different laser deviation angle. (a) 5°; (b) 10°; (c)

15°; (d) 20°.
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Figure 8 (Color online) Appearance and typical cross-section of a 4-mm aluminum-steel dissimilar butt joint. (a) Front; (b) back; (c) cross-sectional

morphology.
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Figure 9 (Color online) SEM images of different regions in the 6061-
T6/SUS304 joint shown in Figure 8(c). (a) Region A; (b) region B; (c)
region C; (d) region D.
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Deep-penetration welding-brazing of aluminum/steel dissimilar
metal using laser-MIG arc hybrid heat source

LIU YunQi, WANG Wei & ZHU ZongTao

School of Materials Science & Engineering, Southwest Jiaotong University, Chengdu 610031, China

Deep-penetration welding-brazing process without gap of steel/aluminum dissimilar metal butt joint with a thickness of 4
and 6 mm was achieved using laser-MIG hybrid heat source. The welding parameters were optimized to obtain a sound
joint and the microstructure of the interfacial layer was observed by scanning electron microscopy (SEM) and
experimental validation. The joint temperature distribution of three welding methods: MIG welding-brazing, laser
welding-brazing, and laser-MIG hybrid deep-penetration welding-brazing were investigated by finite element method
(FEM) numerical simulation. Moreover, the effect of laser deflection angle on the temperature distribution of the laser-
MIG deep-penetration welding-brazed joint was investigated. The results indicated that the temperature distribution of
laser-MIG hybrid deep-penetration welding-brazed joint was more uniform than MIG welding-brazing and laser
welding-brazing. The temperature of the lower part of the joint was increased, which was beneficial to improve wetting
and spreading of the liquid metal on the stainless steel and obtain better weld formation. In the laser-MIG hybrid deep-
penetration welding-brazing process, the temperature of the lower part of the joint interface and the interface temperature
gradient could be improved by adjusting the laser deflection angle, which was beneficial to the formation of uniform
intermetallic compound layer. Typical welding-brazing joint characteristic with the thickness of 4 mm using laser-MIG
hybrid heat source was found. The main phases of interface layer compounds were composed of Fe,Al;; and AlgFe,Si,
and the weld metal consisted of a-Al and Al-Si eutectic. The 6-mm steel/aluminum joint was also achieved by using
laser-MIG hybrid heat source, but some cracks at the interface were observed.

dissimilar metal, laser-MIG hybrid deep-penetration welding-brazing, temperature field, temperature gradient,
intermetallic compound
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