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Research on Wobbling Laser-Arc Hybrid Welding of 5083 Aluminum Alloy
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[ABSTRACT] In order to reduce the internal porosity and improve the quality of aluminum alloy weld seam, the
wobbling fiber laser is performed on the 8mm 5083 aluminum alloy locked bottom butt joint in laser-MIG hybrid welding.
The influence of the weaving frequency and amplitude of the laser beam on the porosity and the penetration was studied.
Orthogonal experiments were carried out to investigate the primary and secondary relations between the influence of laser
power, welding speed, welding current and weaving frequency on the formation of weld porosity. The optimal parameters were
obtained and the microstructure and mechanical properties of the weld joint under the optimal parameters were analyzed. The
result shows that the laser beam swing frequency and amplitude are helpful to eliminate stomatal imperfections. The effect of
the factors on the porosity is following by the laser weaving frequency, welding current, welding speed, laser power. To weld
6mm 5083 aluminum alloy by using the parameters, power 6800W, welding current 136A, welding speed 28mm/s, weaving
frequency 240Hz, wobble amplitude 1.5mm, we can get joint with no obvious pores, which average hardness is 70.4HYV, and
the tensile strength of welded joints can reach 278MPa, reaching 91.9% of the base metal.

Keywords: Laser technology; Wobbling laser-MIG hybrid welding; 5083 aluminum alloy; Wobbling frequency; Wobbling

amplitude; Porosity
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Table 1 Chemical component %
JCE Si Fe Cu Mn Mg Cr Zn Ti Al
5083 0.4 0.4 0.1 0.4~1.0 0.80~1.2 0.05~0.25 0.25 0.15 ¥y
ER5183 0.4 0.4 0.1 0.5~1.0 43~52 0.05~0.25 0.25 0.15 iyt
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Table 3  Single factor experiment of 4

SR PW | V/(mm-s') 1A A/mm
1H 5000 30 104 0.5.1.0,1.5.2.0.2.5.3.0

R4 EXHBEERAKTER
Table 4 Orthogonal factor level table

[HZ K PIW /A V/(mm-s') = F/Hz
1 6200 104 26 200
2 6400 120 28 220
3 6600 136 30 240
<20 [«— 60 — <20->]

Porosity sampling

Metallographic sampling
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Fig.3 Weld seam sampling method
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Table 2 Single factor experiment of F

S8 PIW A/mm
i 5000 1.5 30

¥/ (mm-s")

/A F/Hz

103 50.100.150,200.250.300
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Fig.4 Effect comparison of ImageJ software
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Fig.6 Weld appearance under different vibration frequency

(e)250Hz

ADHEFR . X THOCHR RS e X
AIFEER L BEE F ARSI, Xt a2
AT RAFTRE At P AR AL, AR LR T2/, 9 Hoaxdie
PRI T2 PR 0 Dt i o, AR 4 AL
B, BB LR
2.1.3  EFIMFAIFLE IR of

3B SHUREEETRAIR A 8 PR BiH F 0%
WO, AR IR TR IR D OGRSl R I S
LS RO AR B L 5 s S U 45 B (Y 15

138

25 13, 62
50

&y

12.5
25

Bs5 il TEE

Fig.5 Tensile specimen schematic

(f)300Hz

(b)100Hz

(d)200Hz

(f)300Hz

E7 REIENNETRESILKE

Fig.7 Weld porosity states under different vibration frequencies
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Fig.8 Curve of laser vibration frequency and weld penetration
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Fig.9 Synthesis scheme of line speed
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Fig.10 Weld appearances under different laser spot amplitudes
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Fig.11 Weld porosity states under different vibration amplitudes
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Fig.12 Curve of laser spot amplitude and penetration
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Table 5 Orthogonal test results

iSES g5
Hirs
PW 7AW (mms') F(Hz) | hmm | 0/%
1 1 (6200) 1(104) | 1(26) | 1(200) | 7.95 | 1.10
2 1 2(120) | 2(28) | 2(220) | 6.65 | 047
3 1 3(136) | 3(30) | 3(240) | 6.8 0
4 2(6400) 1 2 3 6.55 0.11
5 2 2 3 1 72 127
6 2 3 1 2 75 0.11
7 |3(6600) @1 3 2 745 | 1.20
8 3 2 1 3 725 | 0.63
9 3 3 2 1 8.2 0.46
K, | 214 | 2195 227 2335
K, | 2125 | 211 21.4 21.6
! K, | 229 225 21.45 20.6
R | 165 1.4 1.3 2.75
K, | 157 241 1.84 2.83 B
K, 149 237 1.04 1.78
’ K, | 229 0.57 2.47 0.74
R| 08 1.84 1.43 2.09
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Fig.13 Weld appearance of 6mm thick aluminum alloy locked plate
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Fig.15 Weld section morphology Fig.17 Hardness of respective regions
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Table 6 Average hardness of various regions

JEI, BE
s rh Jficid i rh JIGHB
S BIE(HY ) 71.0 67.3 70.5 70.4 67.0 69.8 70.8
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Fig.18 Photos of sample tensile
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