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Optimization Design of the Clinch Stud using the Finite Element
Analysis and the Taguchi Method
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Abstract  This study derives the optimal conditions for design parameters of clinch stud with high torque
resistance and bonding force by using FE simulation and Taguchi method. Maximum forming load and filled
rate of material are considered as objective functions. Height and depth of groove with diameter and depth of
lobe are chosen as design parameters. These control factors and the friction considered as noise factor are
combined by orthogonal array. Forming load and filled rate are evaluated through the simulation. Simulation
results are analyzed by using the ratio of signal to noise through Taguchi method. From these results, their

optimal combination conditions are proposed. In the order of the most important parameter which affects filled
rate, there are the height of lobe, the height of groove, the radius of lobe and the depth of groove.
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[Fig. 1] 3D model of clinch stud
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[Fig. 2] Installation of clinch stud with sheet
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[Fig. 3] Procedure for designing optimal parameters using
FE simulation and Taguchi method
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[Table 1] Conditions for FE simulation

Conditions Data

Tool velocity(mm/s) 100

Friction Coefficient 0.12

Thickness of material(mm) 3

Number of element 10737

Material AISI-1045
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[Fig. 4] Section view of clinch stud and filled area
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[Table 2] Design parameters and levels
Factors Description Level 1 Level 2 Level 3

A Height of groove(mm) 1.0 1.5 2.0

B Diameter of lobe(mm) 16.0 20.0 23.0

C Height of lobe(mm) 0.5 1.0 1.5

D Depth of groove(mm) 0.25 0.5 1.0

[Table 3] S/N ratios for forming load
Experiment Factors Forming load(kN)
S/N
Number A B c D yl y2

1 1 1 1 1 68.7 70.1 -36.83

2 1 2 2 2 71.1 72.0 -37.09

3 1 3 3 3 80.8 81.3 -38.18

4 2 1 2 3 76.9 79.1 -37.84

5 2 2 3 1 91.0 101.0 -39.66

6 2 3 1 2 74.4 75.2 -37.48

7 3 1 3 2 64.2 68.8 -36.46

8 3 2 1 3 723 72.9 -37.22

9 3 3 2 1 73.5 78.7 -37.63
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[Table 4] Factor response table for S/N ratios of forming

load
Factor A B C D
Level 1 -112.10 -111.13 -111.52 -114.12
Level 2 -114.98 -113.97 -112.57 -111.03
Level 3 -111.31 -113.29 -114.29 -113.24
Diff 3.66 2.84 2.77 3.09
Rank 1 3 4 2
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[Fig. 5] Main Effects for S/N ratios of forming load
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[Table 5] S/N ratios for filled rate of groove
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[Fig. 6] Forming load and filled rate of groove (AsBiCiD»)
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Experiment Factors FR(%) SN
Number A B C D yl 2
1 1 1 1 1 21.0 19.0 25.99
2 1 2 2 2 443 442 32.92
3 1 3 3 3 47.6 47.5 33.54
4 2 1 2 3 22.7 19.6 26.44
5 2 2 3 1 58.7 50.6 34.68
6 2 3 1 2 21.4 20.6 26.44
7 3 1 3 2 50.0 50.0 33.98
8 3 2 1 3 29.7 29.5 29.43
9 3 3 2 1 79.3 79.3 37.99
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[Table 6] Factor response table for S/N ratios of filled rate

Factor A B C D
Level 1 92.45 86.40 81.85 98.65
Level 2 87.56 97.02 97.34 93.34
Level 3 101.39 97.97 102.20 89.40
Diff 13.83 11.56 20.35 9.25
Rank 2 3 1 4
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[Fig. 8] Drawing of clinch stud with combined design
parameters
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