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Abstract

Clinching is a method of joining sheet metals together. This process can be substituted for the resistance spot welding on
the joining of aluminum alloys. However, the joining strength of the clinching is lower than that of welding and riveting. The
objective of this paper is to evaluate the effect of shape parameters of tools on the joining strength of the clinching and to
optimize clinching tools. Twelve parameters have been selected as shape parameters on the clinching tools such as punch and
die. The design of experiments (DOE) method is employed to investigate the effect of the shape parameters of tools on the
joining strength of the clinching. The neck thickness and undercut of the clinched sheet metal after the clinching, and the
separation load at detaching are estimated from the result of FEA using DEFORM. Optimal combination of shape parameters
to maximize the joining strength of clinching is determined on the basis of the result of DOE and FEA. In order to validate the
result of DOE and FEA, the experiment of clinching is performed for the optimal combination of shape parameters. It is
shown from the result of the experiment that optimization of shape parameters improves the joining strength of clinching.
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Fig. 1 Shape parameters of clinching tool
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Table 2 Levels of design parameters in clinching

el Al s el o | e | F| o | H [ J | k| L
Levels

1 07 | 12 | 14 | 23 | 01 | 048 | 042 | 033 | 22 | 316 | 18 | 45

2 08 | 14 | 15 | 24 | 02 | 058 | 052 | 043 | 32 | 416 | 24 | 50

3 09 | 16 | 16 | 25 | 03 | 068 | 062 | 053 | 42 | 516 | 30 | 55

Table 3 L;(3'?) Orthogonal array table and the results of FEA
Trial No. A B C D E F G H | J K L NT(mm) UC(mm) Separation Load(N)

1 1 1 1 1 1 1 1 1 1 1 1 1 0.376 0.169 2210
2 2 2 1 2 2 2 2 1 1 2 2 1 0.467 0.168 2200
3 3 3 1 3 3 3 3 1 1 3 3 1 0.374 0.167 1590
4 3 2 1 1 1 2 3 2 2 1 2 2 0.345 0.159 1500
5 1 3 1 2 2 3 1 2 2 2 3 2 0.349 0.176 2060
6 2 1 1 3 3 1 2 2 2 3 1 2 0.463 0.117 1630
7 2 3 1 1 1 3 2 3 3 1 3 3 0.330 0.178 1760
8 3 1 1 2 2 1 3 3 3 2 1 3 0.445 0.103 996
9 1 2 1 3 3 2 1 3 3 3 2 3 0.423 0.109 1590
10 1 2 2 3 1 3 2 1 2 2 1 3 0.371 0.163 1350
11 2 3 2 1 2 1 3 1 2 3 2 3 0.337 0.125 1520
12 3 1 2 2 3 2 1 1 2 1 3 3 0.435 0.119 1630
13 3 3 2 3 1 1 1 2 3 2 2 1 0.343 0.168 1790
14 1 1 2 1 2 2 2 2 3 3 3 1 0.414 0.092 1040
15 2 2 2 2 3 3 3 2 3 1 1 1 0.404 0.085 1400
16 2 1 2 3 1 2 3 3 1 2 3 2 0.409 0.173 2090
17 3 2 2 1 2 3 1 3 1 3 1 2 0.381 0.112 1300
18 1 3 2 2 3 1 2 3 1 1 2 2 0.357 0.143 1250
19 1 3 3 2 1 2 3 1 3 3 1 2 0.316 0.119 1250
20 2 1 3 3 2 3 1 1 3 1 2 2 0.423 0.117 1020
21 3 2 3 1 3 1 2 1 3 2 3 2 0.400 0.082 1230
22 3 1 3 2 1 3 2 2 1 3 2 3 0.405 0.115 1560
23 1 2 3 3 2 1 3 2 1 1 3 3 0.366 0.165 1560
24 2 3 3 1 3 2 1 2 1 2 1 3 0.352 0.078 662
25 2 2 3 2 1 1 1 3 2 3 3 1 0.354 0.139 1120
26 3 3 3 3 2 2 2 3 2 1 1 1 0.333 0.124 1400
27 1 1 3 1 3 3 3 3 2 2 2 1 0.435 0.072 1060

Bt=2MI13 55 X /A 18 5%, 2009H4/395



Fig. 4 Comparison between the cross sectional shapes
of experiment & FEA on joint geometry

Fig. 5 Comparison between the cross sectional shapes
of experiment and FEA at detaching

Table 4 Measurement of evaluation parameter

Evaluation Parameter EXP FEA

Neck Thickness(mm) 0.441 0.467
Undercut(mm) 0.162 0.168

Separation Load(N) 2112.25 2200.17
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Fig. 7 Average effect of parameter levels on the undercut

Fig. 6 Average effect of parameter levels on the neck thickness
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Fig. 9 Experimental result of joint geometry under
optimal design
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