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Abstract

The purpose of the current study is to improve the clinching joint strength of aluminum and fiber metal laminates (FMLS)
comprised of three layers. The joining of FML and Al 5052 by a conventional clinching joint has some disadvantages such
as necking of the upper sheet, lack of interlocking, defects caused by the vertical load, and especially loss of strength of the
composite material due to the low ductility. In the current study, a tapered-hole clinching method is proposed as an
alternative for the joining of Al 5052 and FMLs. A hole with a tapered shape is formed before the joining process. The
design parameters were evaluated using the Taguchi method for the geometry of the tapered hole in order to determine the
maximum separation load. The diameter of the punch corner, clearance, punch stroke and the tapered length were used as
the main variables in the Taguchi method. In conclusion, the contribution ratio for each of the fours variable examined was
35.07%, 22.44%, 21.32% and 14.11%, respectively. In addition, the appropriate combination of the design parameters can
make a 5% improvement in the vertical direction joint strength.
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Fig. 2 Geometry of the tapered-hole clinching joint
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Table 1 Mechanical properties of the SRPP and Al 5052

Material
. SRPP Al 5052
Properties
Young’s modulus[GPa] 4.04 68.92
Yield strength[MPa] 18.76 188
Ultimate strength[MPa] 157.8 270
Strength coefficient{MPa] 1177.456 364.09
Work-hardening exponent[-] 0.9825 0.1327

Table 2 Design variables and levels

Design R C H S
Variables [mm] [mm] [mm] [mm]
Level 1 0.5 0.5 0.56 2.3
Level 2 1.0 0.6 0.66 2.37
Level 3 15 0.7 0.76 2.43
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Table 3 Orthogonal array of Taguchi Lg(3%)
N Variables Experiment
0. ..
R C H IS Condition
1 1 1 1 1 R,CiH;S;
2 1 2 2 2 R;,C,H,S,
3 1 3 3 3 R;C3H3S;
4 2 1 2 3 R2C1H2S;
5 2 2 3 1 R,C,H3S;
6 2 3 1 2 R,C3H;S,
7 3 1 3 2 R3C1Hs3S;
8 3 2 1 3 R3CyH;S3
9 3 3 2 1 R3C3H,S;
Table 4 The results for FEA
Neck Maximum
. . Undercut . SIN
Experimental | Thickness Tensile .
No. . (tw) Ratio
Condition (tn) Load
[mm] [db]
[mm] [N]
1 R,C1H:S; 0.47 0.479 988 59.9
2 R,C,H,S, 0.557 0.485 1008 60.07
3 R;C3H3S;3 0.654 0.51 1126 61.03
4 R,C1H,S;3 0.473 0.624 1175 61.4
5 R,CoH3S, 0.565 0.343 1064 60.54
6 R,C3H,S, 0.676 0.274 921 59.29
7 R3C1H5S, 0.557 0.316 989 59.9
8 R3C,H;1S;3 0.654 0.245 924 59.31
9 R3C3H,S, 0.77 0.06 698 56.88
Table 5 Response table for S/N Ratio
Factor R C H S
1 60.19 60.39 59.47 59.03
S/N
. 2 60.32 59.90 59.45 59.73
Ratio
3 58.69 58.90 60.28 60.44
Rank 1 2 4 3
Contribution [%] | 36.72 25.91 10.19 22.09
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