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Abstract

Fiber metal laminates (FMLs) are well known for improved fatigue strength, better impact resistance, superior damage
tolerance and slow crack growth rate compared to traditional metallic materials. However, defects and loss of strength of a
composite material can occur due to the vertical load from the punch during the joining with a dissimilar material using a
conventional clinching method. In the current study, tapered-hole clinching was an alternative process used to join Al 5052
and FMLs. The tapered hole was formed in the FML before the joining. For the better understanding of static and dynamic
characteristics, a clinched joining followed by a tensile-shear test was numerically simulated using the finite element
analysis. The design parameters were also evaluated for the geometry of the tapered hole by the Taguchi method in order to
improve and compare the lateral joining strength of the clinched joint. The influence of the neck thickness and the undercut
were evaluated and the contribution of each design parameter was determined. Then, actual experiments for the joining and
tensile-shear test were conducted to verify the results of the numerical simulations. In conclusion, the appropriate
combination of the design parameters can improve the joining strength and the cross-sections of the tapered-hole clinched
joint formed in the actual experiments were in good agreement with the results of the numerical simulations.
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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
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Fig. 3 Design parameters of THC joining
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Table 2 Design variables and levels

Design R C H S
Variables | [mm] [mm] [mm] [mm]
Level 1 0.5 0.6 0.4 1.96
Level 2 1.0 0.7 0.5 2.07
Level 3 15 0.8 0.6 2.13
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Table 4 Results of FE-analysis

Neck Maximum
. Undercut S/N Ratio
No. | Thickness Load
[mm] [db]
[mm] [N]
1 0.655 0.117 1209.59 61.653
2 0.732 0.205 1215.97 61.699
3 0.807 0.205 1002.76 60.024
4 0.719 0.224 1213.55 61.681
5 0.876 0 891.775 59.005
6 0.94 0.153 931.1 59.38
7 0.985 0 938.41 59.448
8 0.976 0 908.675 59.168
9 1.05 0 346.97 50.806
Table 5 Response table for S/N Ratio
Factor R C H S
61.125 | 60.93 60.07 57.16
S/N 60.02 | 59.957 58.06 60.18
Ratio
3 56.47 56.74 59.49 60.29
Rank 1 2 4 3
Contribution [%] | 39.52 | 32.19 7.13 21.15
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Table 6 Results of the ANOVA

Sum of Mean
DOF F P
Source | square Square
S; Ol | S/Di-1) SilSe
R 35.438 2 17.719 5.54 0.153
C 28.876 2 14.438 451 0.181
S 18.977 2 9.488 2.97 0.252
Error 6.397 2 3.199
Total | 89.688 8
R-Sq=92.87%, R-Sq(adj)=71.47%
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Fig. 5 Results on the average effect of each parameter
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