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Influence of power modulation on laser oscillating welding of
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Abstract: In order to verify the influence of energy distribution patterns on the quality of dissimilar aluminum alloy welding, a full
domain power modulation (FDPM) laser oscillating welding system was used to conduct butt welding experiments on 6061 and
5052 aluminum alloys. A comparison was made on the effects of traditional laser welding (LW) and two laser oscillating welding
modes (constant power-CP, gradient power-GP) on the weld seam, porosity, microstructure, and mechanical properties. The results
showed that beam oscillation improved the weld seam formation, with the GP mode having the least surface depression. Under the
oscillating mode, the proportion of equiaxed grains in the weld seam was higher than that in laser welding, among which the GP
mode weld had the highest equiaxed degree, displaying the highest joint strength and fusion zone hardness. The GP mode reduced
the temperature gradient of the molten pool during welding, resulting in the largest undercooling and heterogeneous nucleation rate
of the molten pool, thus increasing the proportion of equiaxed grains in the weld seam. The laser oscillating welding altered the
energy distribution pattern, lowering the energy peak. The energy density at the center of the weld seam was higher under the GP

mode than the CP mode, resulting in better fusion of the weld seam.

Highlights: (1) A gradient power welding mode was designed and its effect on the microstructure and properties of dissimilar

aluminium alloy joints was verified.
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(2) The energy distribution was changed by power modulation and the energy distribution in different modes was

calculated.

Key words: full domain; power modulation; beam oscillation; dissimilar aluminum alloy; microstructure
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Table 1 Chemical composition of aluminium alloys
R Mg Fe Mn Si Cr Ti Cu Zn Al
6061 0.84 0.50 0.09 0.52 0.22 0.13 0.18 0.16 R
5052 2.22 0.19 0.07 0.09 0.20 — 0.08 0.01 R
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Fig. 1 Schematic diagram of laser oscillating welding

and power settings including CP and GP mode
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Table 2 Optimised experimental welding parameters

Bl
SR
LW CP GP
N P =P x095(1-0.45y/A).y >0
WHPAW  4.42 4.42 { P=Px095(1+0.45y/A).y <0
JEEEH ) v, /(m min ") 0.6
Sz 109
iR £ 4/mm 0.4

E: Po=6 kW, x, y HIRO GBI AR A7 B

FFFHZK RN RS 90 VT Uk, T ZI7E % 2 mL HF, 6
mL HNO3 F1 92 mL DI {9 i& P it 47, R FH ¢+
M2M St B Sl AR G R i O 0. H 77
U ATET (EBSD, 254 2 pum) A6 T K443k 19
WORZEH. R Tl LT Z 494 (CT sanyingts
20131) 4k NFR I SL.

2 HRE5®

21 1BERREEMAR

AR MR RIS AN 5] 2 B, i
PRI AT A, SO AR 4 T T R e 2, 36 1 7 T K
TRIRTE B ) /N, KA S AR A R, 1 T T D
S, RIS R KRR PO R T
SRR A N T I 5 st B G, 38R R — /N
BNt S R AT R PG, WO IR B T
T (CP/GP) R4 2 1H T3, U5 2k, Rk
B S8 8/ . AN [R] 0 J2 CP AR X R 4% 45 T I 5 A
R, RUEE S FAE R A P ak. 11 GP Bkt 4
TG AR R, X5 = FEWEEE S A
X%, JEHEEAHE.

R G TN KR 2 PR R LR R B I 0, X I 4%
FEHAT CT WK, 250415 3 s, B iR

2 REREEH

Fig. 2 Surface morphology of weld seam
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Fig. 7 Grain size statistics of weld seam. (a) FZ; (b) HAZ
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Fig. 9 Tensile section morphology of the weld. (a) LW;
(b) CP; (c) GP
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