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[ABSTRACT] This paper takes a 4 mm-thick A7NO1 aluminum alloy sheet as the research object and conducts
simulations based on the laser-arc hybrid welding parameters of A7NO1 aluminum alloy. Numerical simulations were
performed using Fluent software to analyze the temperature field distribution and fluidity of the molten pool under different
welding parameters, and to investigate how laser power and welding speed affect laser—arc hybrid welding. The results
show that with the increase of laser power, the depth of the molten pool increases significantly. Meanwhile, the accelerated
fluid flow speed inside the molten pool may enhance its instability. Although a higher welding speed can stabilize the
molten pool in a shorter time, it is accompanied by a faster temperature change rate, which may lead to uneven cooling
and the risk of cracking. On the contrary, a lower welding speed increases the heat input, resulting in a larger temperature
gradient of the molten pool, which is conducive to forming a larger molten pool and deeper penetration. However, excessive
heat input may also cause a series of welding defect problems.
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Table 1 Chemical composition of A7N01 aluminum alloy (mass fraction) %
Al Mg Cu Mn Si Fe Zn Ti
N 0.8~1.8 0.10 0.2~0.7 0.06~0.2 0.35 0.40 4.0~5.0 0.01~0.06
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Fig.2 Geometric model and mesh generation
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Table 3 Thermal physical parameters of A7N01 aluminum alloy*!

YR Kl
A TR A (W - m™' - K ) 130
WA FARE K,/ (W - m' - K) 90
Mot AL R 5/ (W - m™ - K 20
[ AHZR IR BE T, /K 805
WAHZIREE T /K 908
FMLEIC/(J - kg' - K 1050
WAHLLIAC/ (J - kg - K 1197.21
S E W (kg - m™ - sT) 0.0013
K17y (N - m™) 0.871
Filisk I HRE R K,/ (N - m™ - K) -1.55x10™
A% REp,/ (kg - m™) 2700
WA Ep/ (kg - m™) 2380
FEAb I RH (3 - kg ) 3.87x 10°
W T/K 2720
IR T/K 300
LR SR e 0.12
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Fig.3 Comparison diagram of fusion lines in laser—arc hybrid welding

80 MisshEHEA - 20254 68 S 1310]

2.2 TR RIS

4 1S A AR DR S TRE 20) 306 - sl
BT IE SR . nTLLE W B DR A8,
S P R FEE R g DX g T R R, L A
IARENNS] . AE P=2 kW B, BARIE D O KT8k
BB I H T3 A PR, 3t 9 i B AR
& DU 5005 33 25 SR I M RE N, R BUG TR AT, #ivat
F L PAEM BRI T ; P=3.5 kW B, $ii A B 2%
BN, v R DX BRI AL S, AT S 2 R TR X
LI R O C D R RIS PRI Z I RE A, (1541
R ARG SR 7T 53

6 F1 7 43 B AR T SR 20 R0t — Bk
AP REIESIE . ATLUE H, P=3.5 kW i,

Temperature/K
908
832
756
680
604
528
452
376
300

(a)t=0.1s (b) =025

4 P=2kW B, Ht - BIlE S IRB AR RE
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laser—arc hybrid welding at P=3.5 kW

Velocity vector 1/

(m-s™)
2.000e+00
”\‘f\ g %% 1.500e+00
Vi N 1.000¢+00
NN
SANET 5.000e-01
(a)t=0.1s (b) =025 0.000e+00

B8 P=2kW B, #ot - RIS SRS HAEERIH S E
Fig.8 Longitudinal section flow field distribution of the molten pool
in laser—arc hybrid welding at P=2 kW
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Fig.9 Longitudinal section flow field distribution of the molten pool
in laser—arc hybrid welding at P=3.5 kW
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Fig.14 Top view evolution of the molten pool flow field in laser—arc

hybrid welding at v=0.5 m/min
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