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Abstract: 7A52 aluminum alloy components are prone to cracking under periodic high-impact loads during service. Wire
feeding melting is an effective method to repair such cracks. To achieve high-quality repairs, a laser-arc hybrid wire feeding
melting process is proposed, using 7A48 welding wire to repair the 7A52 aluminum alloy with a 6 mm groove. The research
results show that the melting layer has good fusion with the bottom and side walls of the groove, with a cross-sectional po-
rosity rate as low as 0.067%, and good macroforming quality. In the microstructure, from the fusion line to the center of the
melting layer, it presents fine-grained zone, columnar grain zone, and equiaxed grain zone in sequence. Due to the stirring

and dendrite breaking effect of the oscillating laser on the melt pool, the width of the columnar grain zone is only 180 um,
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with obvious grain refinement effect, and the grain growth direction is consistent, pointing from the edge of the melting
layer to the top center. From the base material to the top of the melting layer, the mass fractions of the alloy strengthening el-
ements Mg and Zn decrease by 8.6% and 34.9% respectively due to high temperature burning, and the melting of the melt

pool causes the original rolling state microstructure and work hardening effect in the base material to disappear, resulting in
the hardness of the melting layer dropping to 103~112 HV, lower than the base material. The average tensile strength of the

melting layer reaches 320.9 MPa, the average elongation rate is 7.0%, and the fracture is characterized by ductile fracture,

with a small amount of small pores and 4~10 pm dimples. This study has achieved reliable repair of 7A52 aluminum alloy
through the oscillating laser-arc hybrid process. The innovation lies in the use of oscillating laser to collaboratively regulate
a new process path for the repair of high-strength aluminum alloy cracks.
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the flow of the melt pool and the growth of grains, effectively reducing the porosity rate and refining the structure, providing
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Table 1 Chemical composition of 7A52 aluminum alloy and welding wire (wt. %)

Alloy Zn Mg Cu Mn Cr Ti Zr Er Fe Si Sc Al
TAS2HR G4 4.2 2.1 0.08 0.30 0.16 0.08 0.14 — <030 <0.25 — BaL.
TA4 4% 6.4~7.4 1.2~2.2 0.25~0.45 0.2~0.4 — 0.02~0.06 0.12~0.18 — 0.20 0.10 0.20~0.40 BaL
LR R 22 DL S B B AL, A 1R . @ ®
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Fig. 1 The laser-MIG hybrid wire-feeding cladding system
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Fig.2 Schematic diagram of laser-arc hybrid wire-feeding cladding
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Table 2 Laser cladding parameters
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Table 3 Metal-inert gas cladding parameters
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Fig. 4 Laser oscillation path
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Fig.5 The macro-morphology and cross-section morphology of the

cladding layer
TRo MR 5 mm/s 8K B 7 mmy/s I 1 2
15 5 (20.8 mm—>18.4 mm—>17.0 mm, [% % 3.8 mm)
5475 (4.6 mm—>3.9 mm—>2.7 mm, [&1iE 1.9 mm) i,
A5 Ry B A AFR A TR AR AL A K (8.6 mm—>8.2 mm
—8.0 mm, [0 0.6 mm) , i B 78 B = 22 i A
TR [ R SN I R, SR SRR AN

30
T
25+ ENG]
JETR
20.8
<l 18.4
. ] 17
15}
=
10r 8.6 8.2 8
5k 4.6 39
ﬂ 2.7
0
5 6 7
LA mm s

Elo BEREBMERT

Fig. 6 The size of cladding layer cross section
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Table 4 The porosity ratio of cladding layer cross section
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Fig.7 The macro-morphology of wire-feeding cladding for 6 mm

groove
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Fig.8 The macro-morphology of cladding layer for 6 mm groove
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Fig. 11 Schematic diagram of microhardness test location
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Fig. 12 The hardness distribution of cladding layer along
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Fig. 14 The fracture morphology of base metal and cladding layer
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