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GMAW weld formation and joint microstructure properties

of 6061 aluminum alloy
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Abstract: Three types of gas metal arc welding ( GMAW ) processes, namely cold metal transfer welding ( CMT), melting inert-gas
welding (MIG) , and pulsed melting inert-gas welding (P-MIG) , were used to conduct welding experiments on 6061-T6 aluminum alloy.
The weld formation and joint microstructure and properties under the three welding processes were studied. The results show that all three
processes can obtain well-formed joints. Statistical analysis of porosity in the cross-section of the weld shows that there is not much
difference in porosity between CMT welding and MIG welding, while the porosity of P-MIG welding is about 2.6 times that of CMT
welding; compared to the MIG welding and P-MIG welding, the microstructure of the CMT weld is finer. The hardness distribution levels
of the joints under the three processes are not significantly different. The fracture location of the joint tensile specimen is in the heat
affected zone, and the fracture form belongs to ductile fracture. The tensile strength of the CMT welded joints is the highest, reaching
199. 20 MPa, which is 69. 8% of the base metal, and the elongation is 11. 01%.
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Table 1 Chemical composition of base material 6061 aluminium alloy and ER4043 welding wire ( mass fraction, %)

Material Si Fe Cu Mn Mg Cr Zn Ti Al
6061 0. 638 0.413 0. 266 0. 080 1.074 0.196 0. 001 0. 041 Bal.
ER4043 5.6 0.8 0.3 0.05 0. 05 - 0.1 0.15 Bal.
FI0. 8, A Q ATARAE A (1) 315
5 mm B VI ( ] )
1.2 mm Q K S
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Fig. 1 Joint form
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Table 2 Welding process parameters
Welding Welding Welding Wire feed Weld speed/ Heat input/ Dry wire Gas flow
method current/ A voltage/V  speed/(m/min) (mm/s) (3/mm) elongation/mm rate/ ( L/min )
CMT 148 16. 6 6.6 6.67 294. 67 15 20
MIG 148 21.3 6.9 6. 67 378.10 15 20
P-MIG 148 21.2 6.7 6. 67 376. 32 15 20
25 mm @% 2 iﬁ%éﬁ%Jiﬁ%ﬁ
g p— | 2.1 IRERMBYSENEBREERRY
) £ 3 R GMAW T2 A AR A R T 5 79
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Fig.3 Surface morphology of different GMAW welded joints

(a) CMT weld surface morphology; (b) CMT

weld cross-section morphology; (¢) MIG weld surface morphology; (d) MIG weld cross-section morphology ;

(e) P-MIG weld surface morphology; (f) P-MIG weld cross-section morphology
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Fig. 4 Schematic diagram of the welded joints dimensions
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Fig.5 Dimensional changes of the welded joints
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Fig. 6 Measured current and voltage waveforms of different GMAW processes

(a) CMT welding waveforms; (b) MIG welding waveforms; (c¢) P-MIG welding waveforms
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Table 3 Tensile test results of the joints with different GMAW welding processes

O Y Plivrpiy Homsation/ % postion
B-1 284.93 14. 89 BM
BM B-2 279.93 285. 60 14. 06 14.33 BM
B-3 291. 94 14. 03 BM
1-1 199. 55 11.70 HAZ
CMT 1-2 195. 50 199. 20 10. 95 11.01 HAZ
1-3 202. 56 10. 38 HAZ
2-1 185.94 10. 55 HAZ
MIG 2-2 182.76 183. 68 10. 70 10.73 HAZ
2-3 182.34 10.95 HAZ
3-1 189. 18 11. 40 HAZ
P-MIG 3-2 185. 00 185. 48 11. 48 11.36 HAZ
3-3 182.27 11.20 HAZ

K 11
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Tensile fracture surface morphology of the specimens under different GMAW welding processes
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