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Optimizing welding parameters of laser-arc hybrid welding
onto aluminum alloy via grey relational analysis
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ABSTRACT
Grey relational analysis has been carried out to develop a new approach for optimization of Nd:YAG
laser and MIG hybrid welding parameters. The quality of welded material depends on welding parameters.
The parameters chosen for current study include wire type, shielding gas, laser energy, laser focus,
traveling speed, and wire feed rate. The welding experiments were performed on 6K21-T4 aluminum alloy
sheet. Functional demands on products may vary widely depending on their use. The ultimate tensile
stress, width, and penetration were chosen as the optimization criterion. Practice based on an orthogonal
array which is following Taguchi’s method has been progressed. Base on the results of grey relational
analysis, the optimal process parameters were obtained. This integrated work was judged and it is observed

that the results obtained by using the optimal parameters are much improved compared to those obtained
through initial setting.
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Welding parameter Initial setting
{A] Wire type ER 4043
{B] Shielding gas He

{C] Laser energy [kW] 2.5

D) Laser focus [mm] 0

{E] Traveling speed [mm/s] 150

[F} Wire feed rate {m/min] 5.7
UTS (Mpa) 197
Width [mm] 3.3
Penetration [mm] 0.98

Table 2 initial setting and result
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Parameters Level 1 Level 2 Level 3
A Wire Type ER 5356 | ER 4043
B Shielding Gas Type None Ar He
C Laser Energy [W] 2 2.5 3
D Laser Focus [mm] 0 -0.5 -1
E Traveling Speed [mm/s] 120 150 180
F Wire Feed Rate [m/min] 5.2 5.7 6.5

Table 3 welding parameters with 2 & 3 levels
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Group Wire Type Shlglac:no Laser Laser |Traveling| Wire Feed
No (ER 5356, (None Energy | Focus | Speed Rate
ER 4043) Ar, He) [kw] [mm] | [mm/s)| [m/min]
1 ER 5356 None 2 0 120 5.2
2 ER 5356 None 2.5 -0.5 150 5.7
3 ER 5356 None 3 -1 180 6.5
4 ER 5356 Ar 2 0 150 5.7
5 ER 5356 Ar 2.5 -0.5 180 6.5
6 ER 5356 Ar 3 -1 120 5.2
7 ER 5356 He 2 -0.5 120 6.5
8 ER 5356 He 2.5 -1 150 5.2
9 ER 5356 He 3 0 180 5.7
10 ER 4043 None 2 -1 180 5.7
11 ER 4043 None 2.5 0 120 6.5
12 ER 4043 None 3 -0.5 150 5.2
13 ER 4043 Ar 2 -0.5 180 5.2
14 ER 4043 Ar 2.5 -1 120 5.7
15 ER 4043 Ar 3 0 150 6.5
16 ER 4043 He 2 -1 150 6.5
17 ER 4043 He 2.5 0 180 5.2
18 ER 4043 He 3 -0.5 120 5.7
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Table 5 Formulae for converted sequences
according to the loss function’s characteristic
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Table 6 Formulae for the grey relational grade
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Group Experimental result Gr?;e}}ggé‘:: al

no. [ UTS |Width]|Depth ) Grade | Rank

(MPa) | [mm] | (mm]| UTS | Width | Depth

1 | 155325 | 105 | 1 | 05088 |05976] 1 |0.7728] 3
2 | 73.175 |2549| 1 0 |04544] 1 |0.6623] 14
3 118.5 2.355 1 0.2807 ! 0.5008 1 0.7136 9
4 137.65 |2.046 | 0.824 | 0.3993 | 0.5746 | 0.771510.7083| 11
5 89.95 1.677 1 0.1039 | 0.6627 1 0.7103§ 10
6 187.96 2.67 [0.229 | 0.7109 | 0.4254 0 0.6227 | 17
7 | 158.31 |0.265] 1 |05272| 1 1 Tosess| 2
8 133.12 | 2.082 1 0.3712 }0.5659 1 0.7407 5
9 234.645 | 2.101 1 1 0.5615 1 0.8758 1
10 12949 | 2.229 1 0.3488 | 0.5309 1 0.7305| 6
11 152.38 | 3.447 1 0.4905 | 0.2398 1 0.7063| 12
12 | 141.28 |2.785| 1 | 0.4218 |0.3070| 1 |0.7207] &
13| 73515 |2.804| 1 | 00021 |0.3036] 1 |0.6541] 16
14| 142.525 | 2.695] 1 | 04295 |0.4106] 1 |0.7257] 7
15 | 14008 |4451] 1 | 0414 | 0 1 |o6s84] 15
16 131.08 | 3.63310.582 | 0.3586 | 0.1955|0.4577 | 0.60621 18
17 74.42 1.429 1 0.0077 | 0.722 1 0.7039] 13
18 189,775 § 3.2 1 0.7221 {0.2989 1 0.7579] 4

Table 7 Experimental results, evaluated grey
relational coefficients and grades
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Welding parameter Optimised setting
[A] Wire type ER 5356

[B] Shielding gas He

[C] Laser energy [kW] 3

[D] Laser focus [mm] 0

[E] Traveling speed [mm/s] 180

[F] Wire feed rate [m/min]} 5.7

UTS Mpa 234.645

Width [mm] 2.101
Penetration [mm] 1

Table 8 Optimal setting and results
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