55 45 45 2 W) F B I B Vol.45 No.2
2025 4E 4 A MINING AND METALLURGICAL ENGINEERING April 2025

EASMAMC EERENTRERSRE

ARF, AR, KL, AR, G54
(TEFA Tl R AT A AR 2ABE, T M 111003)

 ZE. M VOSviewer AP T B RGEMHR T of FE 0 R ( CNKI) A% 0o 3 TS i e 45 2 AR B % v 2000—2023 4R 88 4 414
6-MIG & A IR AT AR I SCHR | 2545 % 1 S S SR 0 8 5 | AR B AP 9 A AR 3, A9 i AUk A 5 508 . D 065 MITG #4
TEIA AR, S R R 22 (R SRS | S e 45 8 A4 T oy Skt R e M e s @ &2 A det e Sk | i B 98 O SR AR TR 38
NERFL BB A T R R A A s s B KBSk 1y 12 MR AR, R B4 B AR BE O A LA S B i X AR AR ML, S5 R R
IR 224 S AT k] S Mg 556 402 I I, vT FALL B ) 45 A 438 A0 UK 38 S IR AR AL , B S 35 BRI HIR 4% 4 3 Y5 J3 RN
MR, JESRW o il 2 RO, S misOt- sk Sh A4 & ML) 0 i i 5 R FLAR e PE M S AR, DAk T2 S5 LU il
SRR FLBIIG , S - D P R A BRI, A SO ARG S0 E-MIG B & 1Rtk ie e e 5%

KRR SCARIT RS ; VOSviewer; T EAIMBHRE ; M6 4 BOURE:; BABUIEESRGRIT R, E6 1584, WRHEEE,; sEEnlL;
SRR, SR AT

FEHES . TG442;G353 X EFRES: B doi : 10.3969/].issn.0253-6099.2025.02.033

XEHS: 0253-6099(2025)02-0183-010

Research Progress and Prospect of Laser-MIG Hybrid Welding
of Aluminum Alloy

LIU Changjun, WU Xiaocui, ZHANG Hao, DU Xiyue, ZOU Ting
(School of Chemical Equipment, Shenyang University of Technology, lLiaoyang 111003, Liaoning, China)

Abstract; The relevant literature on laser-MIG hybrid welding of aluminum alloy from the China National Knowledge
Infrastructure ( CNKI) core journal database and Google Scholar database in 2000—-2023 was systematically analyzed by
using VOSviewer. Three primary research focuses were identified by analyzing citation frequencies of key literature and
the evolution of research hotspots: (D the interaction between laser and MIG heat sources, particularly the effects of
laser-arc distance and heat source leading modes on plasma behavior and molten pool stability ; (2 hybrid welded joints
revealing the formation mechanisms and optimization strategies for defects such as porosity and cracks by investigation
into morphological characteristics; (3) mechanical properties of welded joints, focusing on microhardness distribution and
softening mechanisms in the heat-affected zone. Results indicate that the transition of Mg and other alloying elements can
be effectively achieved by adopting welding wire alloying, and after heat treatment of those heat-treatable aluminum
alloys, the welded metal exhibit remarkably enhanced strength and hardness through aging. The subsequent researches
can employ multi-scale numerical simulations to explore the dynamic coupling mechanisms between laser and arc, and
the interaction between droplet transfer and keyhole stability, as well as to optimize process parameters to suppress
porosity and overcome the technical bottleneck in simultaneously improving welding speed and quality. This review can
provide insights for enhancing the performance of laser-MIG hybrid welding of aluminum alloy.
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Fig. 1

Temporal evolution of research hotspots in laser-MIG hybrid welding of aluminum alloy from 2000 to 2023
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Table 1 Comparison of laser leading and MIG leading in
hybrid welding of 6NO1 aluminum alloy
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Table 3  Common process parameters for laser-MIG hybrid welding of aluminum alloys

gy BRI B DS g n RIS ey (VR AR 2R

1561 16.0 — 6.8 6.00 — 250 — 0K18.22 Ar 20 2 [20]

2023 3.0 ObE 2.8 1.44 2 120 — 4043 99.99Ar 25 3 [10]

5A06 6.9 — 3.5 10.00 3 168 55 ER5356 99.99Ar 15 — [9]
6061-T6 4.0 — 2.8 15.00 2 120 — ER6061 99.99Ar 25 -1 [23]
6082-T6 6.0 — 7.3 10.00 3 200 60 ER5356 Ar 45 2 [29]
6082-T6  10.0  JG2F 4.0 8.00 — 178 — ER5087 99.999 Ar 20 -2 [1]

TAS2 8.0 L 6.0 — 2 180 — AS5356-WY 99.99Ar 25 -2 [22]
7B05-T5 12.0  JE4F 4.0 12.00 3 191 68 ER5356 99.999Ar 30 0 [9]
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Table 4 Tensile properties of welded joints of
5A06 aluminum alloy
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Table 5  Precipitation phases and welding issues in laser-MIG

hybrid welding of different kinds of aluminum alloys
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Fig. 10  Prospect of laser-MIG hybrid welding of aluminum alloys
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