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Effect of Energy Ratio Coefficient on Pore During Aluminum Alloy
Laser-MIG Hybrid Welding
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Abstract To study the effect of energy ratio coefficient (the ratio of laser power to arc power) on pores during the
aluminum alloy laser-MIG hybrid welding process, 6 mm thick 6061 aluminum alloy laser-MIG hybrid welded joints
were measured using X-ray nondestructive testing and metallographic microstructure observation. Pores under the
energy ratio coefficient of 4.0, 3.5, and 3.1 were analyzed. It was observed that the laser power has a significant
effect on the bottom weld width in the cross-setion of the weld and increasing the arc power can effectively deepen
the hybrid zone. Under the higher-energy ratio coefficient, the diameter of the pores inside the weld is larger, but
the number of pores is smaller, contributing to low porosity. The pores in the weld cross-section are mainly
distributed in the upper part of the weld and less in the lower part. However, when the energy ratio coefficient is
reduced to 3.1, the distribution of pores tends to be uniform, the number of pores in the lower part significantly
increases, and the number of process pores increases. These results show that increasing the energy ratio of laser
power during laser-MIG is beneficial to reduce the porosity.
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Table 1 Chemical composition of 6061 aluminum alloy and ER4047 welding wire

Mass fraction /%

Material

Si Fe Cu Mn Mg Zn Ti Cr Al
6061 0.56 0.70 0. 30 0. 89 0.93 0.25 0.15 0. 04 Bal.
ER4047 12 0.8 0.03 0.15 0.1 0.2 — — Bal.

B 1 BOL-MIG Z 5B 4. () KR60HA #lds As
(b) TruDisk-12003 £ i #0t & 5 () TPS 5000 U4 J& 7 # AL
Fig. 1 Experimental setup for laser-MIG hybrid welding.

(a) KR60HA robot; (b) TruDisk-12003 disk
laser; (c¢) TPS 5000 Fronius welding machine
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Fig. 2 Schematic of 6061 aluminum alloy laser-MIG hybrid welding. (a) Schematic of three-dimensional welding;
(b) longitudinal section in the welding process
F 2 WOL-MIG ZABESH
Table 2 Process parameters of laser-MIG hybrid welding

Laser Welding speed / Defocusing Filling speed /
Case Arc current /A Arc voltage /V
power /kW (memin ) amount /mm (memin ")
1 4.5 1.2 90 12.6 0 5.3
2 1.2 90 12.6 0 5.3
3 4 1.2 100 12.9 0 5.7

1 mm

[ 3 AN IE g IC e RECT B0 A8 BUE AR AEBEBUIDE S . () (B) (O SREERUE 5 () (e) (D X5 5% B I P 5
Fig. 3 Weld formation and cross-section of weld at different energy ratio coefficients.

(a)(b) (c¢) Weld forming; (d)(e)(f) cross-section of weld
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Fig. 4 Weld width and penetration of weld in different locations. (a) Weld width; (b) weld penetration
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Fig. 5 Pore distribution in interior and cross-section of weld. (a)(b)(c) Interior; (d)(e)(f) cross-section
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Fig. 6 Pore distribution in different energy ratio coefficients. (a) Maximum and mean diameters of pores; (b) porosity
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Fig. 7 Cross-section images of weld and morphology of pores in different areas of weld cross-section. (a) (b) (¢) Macro

appearance of weld cross-section; (d) (e) (f) morphology of pores in the upper of weld cross-section; (g) (h) (i)

morphology of pores in the transition region of weld cross-section; (j) (k) (1) morphology of pores in the bottom of

weld cross-section
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