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1 R AI-Mg(-Mn)£3 8 94627 e (B 20580, 20)
Table 1  Chemical compositions of typical Al-Mg(-Mn) alloys (mass fraction, %)

Alloy Si Fe Cu Mn Mg

5052 <0.25 <.0.40 <0.10 <0.10 2.2-2.8
5182 <0.20 <0.35 <0.15 0.20-0.50 4.0-5.0
5754 0.40 <0.35 0.10 0.50 2.6-3.6

2.1.2  Al-Mg-Si(-Cu) &4

AT Al-Mg(-Mn) & 4, AI-Mg-Si(-Cu) & 4
A Ao A ARG, 3 A B R A
Ab BT 20T AN 9 K BT LA O A B K 88 AR TR

ARG R 020 2, HE T AR A0 SR s B L BE AT R

2 M ALI-Mg-Si(-Cu) &

PR 0 L IR 00 st & K AT H1 4 B A A9 BT L Al-Mg-Si
(-Cu) A 4 1 JE M 5% B 7] 5k 3] 200~400 MPa, £
TR A PR B A A SR ) 5 W ne AR R
B3 L W ZE ] AI-Mg-Si(-Cu) & 4 4 fn 5 2

@i oy (Rt 0 50, 6)

Table 2 Chemical compositions of typical Al-Mg-Si(-Cu) alloys (mass fraction, %)

Alloy Si Fe Cu Mn Mg

6063 0.2-0.6 <20.35 0.1 0.1 0.45-0.90
6005 0.5-0.9 <20.35 0.3 0.50 0.4-0.7
6009 0.6-1.0 <20.5 0.15-0.60 0.2-0.8 0.4-0.8
6010 0.8-1.2 <20.5 0.15-0.60 0.2-0.8 0.4-0.8
6111 0.7-1.1 <20.40 0.5-0.9 0.15-0.45 0.5-1.0
6022 0.8-1.5 0.05-0.20 0.01-0.10 0.02-0.10 0.45-0.70
6016 1.0-1.5 <<0.5 0.2 0.2 0.25-0.60
6082 0.7-1.3 0.5 0.1 0.4-1.0 0.6-1.2
6181A 0.7-1.1 0.15-0.50 <20.25 <04 0.6-1.0

2.1.3  Al-Zn-Mg(-Cu) &4
AT Al-Mg-Si(-Cu) & 4x , Al-Zn-Mg(-Cu) & 42

Al-Zn-Mg(-Cu) & 4 B PO A AU BR300 ] 4 95
BAERY mok A &, EEM T A 5K S WAES

TS B IC R & B I IREE G KA AH 0" Ry A1 PR i, an B 5 OB R S RE &S L W 4T AL
(BT i O IR 58 8 T 35 2] 300~500 MPa. BEIL,  Zn-Mg(-Cu) & 42 i 4 3 Fim
3 WA AL-Zn-Mg(-Cu) &4 A2 i oy (Bt 40 8, 24)
Table 3 Chemical compositions of typical Al-Zn-Mg(-Cu) alloys (mass fraction, %)

Alloy Zn Mg Cu Si Fe Zr

7003 6.20-6.60 0.68-0.72 0.16-0.20 0.12 0.20 0.15-0.19

7108 4.50-5.50 0.70-1.40 <20.05 <0.10 <0.10 0.12-0.25

7046 6.60-7.60 1.00-1.60 <0.25 <0.20 <0.40 0.10-0.18

7075 5.10-6.10 2.10-2.90 1.20-2.00 0.40 0.50 0.10-0.18
22 FRBGEBREREA 2.2.1 #Ae

AT TSR B0 < A Re A W B AL S R
W R A AR RS A K AR RO TR TR
S5 (A AR R 1 SR A7 A Al AL R R A )
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TE AR 3L P AEJH T, BE B R JRUA AR 40 2 41
559K AR TGk AR B, AT AR 4 S AR R IX 2 A
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Abstract

Significance The development of new energy vehicles is the effective way for China to transition from a large automobile country
to an automobile power; this is also a strategic initiative to address climate change and promote green development. As important
materials for manufacturing new energy vehicles, the excellent mechanical properties of automotive aluminum alloys have brought
new challenges during the subsequent welding processes. The original fine grains and nanoprecipitates of the automotive aluminum
alloy are destroyed by the welding heat source, producing noticeable softening in the weld seam and heat-affected zone. Consequently,
the mechanical properties of traditional arc-welded joints are inferior to the requirements of industrialization. High-quality and efficient
welding of automobile aluminum alloys is a development trend, and traditional welding processes struggle to satisfy this demand.

The high-power-density fusion welding process, that is, the laser welding process with low heat input, is used to shorten the
softening zone and reduce the adverse effects of the heat source on the substrate plates. Moreover, it also significantly improves
welding efficiency because of its high power density. However, as a high inversion material, the laser absorption of aluminum alloys is
less than 5%, leading to enormous energy wastage and danger. Meanwhile, the fine spot (diameter of 0.2-0.6 mm) indicates the poor
bridging ability of the laser welding process, and the burning loss produces a weld seam with a poor forming quality and high softening
degree. Thus, a laser-arc hybrid welding process is used to weld the aluminum alloy. In the laser-arc hybrid welding process, the laser
beam and arc interact in a common weld pool, and their synergic effect increases laser absorption and bridging ability. Moreover, wire
filling compensates for the burning loss, thereby improving the forming quality and mechanical properties of the weld seam. At the
beginning of the 21st century, a laser-arc hybrid welding process was applied to car structure manufacturing. Since then, researchers
from China, Italy, and Canada have focused on regulating the microstructure and mechanical properties of laser-arc hybrid welded
joints. Owing to the substantial reduction in the price of laser machines, laser-arc hybrid welding of aluminum alloys has received more

attention in the past three years.

Process Automobile aluminum alloys are divided into two categories: heat-treatable aluminum alloys [Al-Mg-Si(Cu) and Al-Zn-Mg
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(-Cu)] and non-heat-treatable aluminum alloys [Al-Mg(-Mn)]. Considering their characteristics, typical welding defects such as
softening, pores, and hot cracking are summarized in Fig. 4, and the softening mechanisms of the heat-affected zone and weld seam
are analyzed and summarized in Figs. 5 and 6. The regulatory mechanisms of welded joints using the laser-cold metal transfer (CMT)
hybrid welding process and welding seam alloying (solute elements, refined grain elements, and nanometallic intermetallic compounds
with high melting points) are summarized in Figs. 8 and 9. The formation mechanism of typical pores in laser-arc hybrid weld is
summarized in Fig. 12. To suppress keyhole-induced pores, a scanning laser-arc hybrid welding process is used to improve keyhole
stability. The suppression mechanism is illustrated in Fig. 14. Other methods for suppressing keyhole collapse including process
parameter optimization, droplet transfer behavior regulation, and external field assistance are also analyzed in this study. Finally, this
study summarizes the current problems in the laser-arc hybrid welding process of aluminum alloys and proposes future development

trends.

Conclusions and Prospects The laser-arc hybrid welding process has many advantages in suppressing welding defects and
improving the welding coefficient of automobile aluminum alloys. Based on the softening mechanism, the softening degree of the
welded joints is effectively decreased by innovation in the welding process and optimization of the alloying elements. However,
commercial welding wires cannot be used for fabricating weld seams with excellent mechanical properties. Enhancing weld seams by
welding seam alloying requires extensive research and exploration. Meanwhile, flux-cored welding wires that can be flexibly
composition-designed and short-produced are more suitable for the development of new ground filling materials. Recently, new hybrid
laser sources such as hybrid diode-fiber lasers, hybrid blue-light diode-fiber lasers, and core-diameter ring light spots have been used
to improve the weld formation of automobile aluminum alloys. Thus, the effect of new laser technology on welding defects,

particularly pores in laser-arc weld seams, still requires extensive research and exploration.

Key words laser technique; laser-arc hybrid welding; aluminum alloys; softening; pore; mechanical property
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