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Optimization of Spot Welding for 6061 Al Alloy in Automotive Body
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ABSTRACT: The aim of this study was to optimize the parameters of spot welding of 6061 Al alloy. Spot welding of 6061
Al alloy of 2 mm thickness were carried out by orthogonal experiment, the analysis of variance and the performance test
were conducted. The optimal scheme of variance was the current of 22 kA, the electrode pressure of 0. 15 MPa and the
welding time of 15 frequencies. The maximum tensile force of joints under the optimal scheme of variance was 5.444 kN,
increased by 25.5% compared with the maximum tensile force in the orthogonal experiment. The optimum parameters of
spot welding for 6061 Al alloy was the current of 22 kA, the electrode pressure of 0.20 MPa and the welding time of 11 fre-
quencies. Under these parameters, the tensile strength of joints was 6.262 kN, increased by 44.35% compared with the
maximum tensile force in the orthogonal experiment.

KEY WORDS: 6061 Al alloy; orthogonal experiment; resistance spot welding; optimization
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Table 1 The parameters of spot welding

KT L/ KA AR S E/MPa  JEI9%(0.02 s)
1 16 0.10 5
2 18 0.15 7
3 20 0.20 11
4 22 0.25 15

R2 L, (4°) EXEWFITER
Table 2 The orthogonal experiment table of L, (4°)

o e
T 1 2 3 4 5
HI 1 1 1 1 1
H2 1 2 2 2 2
H3 1 3 3 3 3
H4 1 4 4 4 4
HS 2 1 2 3 4
H6 2 2 1 4 3
H7 2 3 4 1 2
H8 2 4 3 2 |
HO 3 | 3 4 2
HI0 3 2 4 3 1
HI1 3 3 1 2 4
HI2 3 4 2 1 3
HI3 4 1 4 2 3
H14 4 2 3 1 4
HI5 4 3 2 4 1
H16 4 4 1 3 2
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Table 3 The results of orthogonal experiment

SIE M R A BRE BRE
= /kA  JE/MPa (0.02s) 42/mm i /kN
H1 16 0.10 5 5.88 1.366
H2 16 0.15 7 6.13 1.512
H3 16 0.20 11 6.23 1.629
H4 16 0.25 15 6.38 2.095
H5 18 0.10 11 6.56 2.884
H6 18 0.15 15 7.10 2.860
H7 18 0.20 6.39 1.760
H8 18 0.25 6.33 2.452
H9 20 0.10 15 7.89 4.129
H10 20 0.15 11 7.36 3.947
H11 20 0.20 7 7.20 3.200
H12 20 0.25 5 6.55 2.837
H13 22 0.10 7 7.76 3.605
H14 22 0.15 5 6.89 3.581
H15 22 0.20 15 8.16 4.338
H16 22 0.25 11 7.97 4.168
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Table 4 The analysis of variance

2R AR ek
K, 6. 602 11. 884 9. 544
K, 9. 956 11. 900 10. 769
K, 14. 113 10. 927 12. 628
K, 15. 692 11.552 13.422
k, 1. 651 2.971 2.386
k, 2.489 2.975 2. 692
ky 3.528 2.732 3. 157
k, 3.923 2. 888 3.356
R 2.272 0.246 0.970
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Table 5 The parameters of spot welding

K- /KA HWBSIE/ MPa JE9£(0.02 s)

20 0.15 11
2 22 0.20 15
3 24
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Table 6 The optimal experimental design

SR HL T/ kA RS/ MPa  JEJ%(0.02 s)
Gl 20 0.15 15
G2 22 0.15 15
G3 24 0.15 15
G4 20 0.20 15
G5 22 0.20 15
G6 24 0.20 15
G7 20 0.15 11
G8 22 0.15 11
G9 24 0.15 11
G10 20 0.20 11
Gl1 22 0.20 11
GI2 24 0.20 11
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Table 7 The results of optimal experiment

TS KEAT/N Hg
Gl 4.197 JEGRFE /N TC TR AN Kl AR
G2 5.444 FEURATE il Gk ookl B i
G3 4.553 SRR A Ik Rl i
G4 3.933 JEGRFE /N TC IR AN Kl E A
G5 5.801 FEURAE TG Kl AR, FL
G6 5.619 SRR IR /I | RS A
G7 4.673 YEURGIE TG I AR, HL
G8 6.008 YEUREIE TG I N
G9 5.313 TEGRER AR B2 fORS HU R
G10 3.883 SRR /N TG TR ARG A
Gl11 6.262 JETRATE TGRSRl L B
G12 5.735 SETURIR R R/ R THORS B b

G4,G10 f/N, G3 4 H G6 2H K Ak, H B e 5 1
i, AR AR L B AR L SR G2 HLIE 22 kA
FLR R 7 0. 15 MPa JREZETTH] 15 /N8 R S50
i 1k 5. 444 kN, B HI5 $25525.5% . %
GI1 BVHL I 22 kA (B 77 0. 20 MPa AR [E] 11
AN IR S B B PUR  K,  6. 262 kN #K
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Fig. 1 The morphology of spot welding
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