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Effect of Spot Welding Location Variability on Vibration Characteristics of Plate Structures

Kazuhei MATSUBARA ™', Fumiyasu KURATANI, Saiji WASHIO and Toshikio KURAMITSU

! Department of Mechanical Engineering, University of Fukui
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Spot welds are widely used to join plate structures such as an automotive body and the vibration characteristics of the
whole structure are affected by the spot welded joints. For the spot welded structure, the actual spot welding location is
often misaligned from the design specific location. In this paper, we investigate the effect of welding location variability
on the vibration characteristics of plate structures based on Fuzzy finite element method (FFEM) with Monte Carlo
simulation. From the membership functions of the natural frequencies from the FFEM and the histograms of the natural
frequencies from the interval analysis in the FFEM, we examine the modes that are strongly affected by welding
location variability and the locations that strongly affect the vibration characteristics. As an example structure, the

structure consisting of hat section steel plates joined together by 20 spot welds at the flanges is used.

Key Words : Modal Analysis, Finite Element Method, Natural Frequency, Monte Carlo Simulation, Fuzzy Number,
Spot Welding Location
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Table 1 Spot welding location variation

Specimen | Average [mm] | Range [mm]
A 0.73 —1.0~+1.5
B 0.75 —2.0~ 0
C 0.98 —2.0~+1.5
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Fig.6 Reference spot welding location
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Fig.8 Comparison of the measured and FE predicted frequency response functions
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Table 2 Interval of shift distance for each a-level

o-level | Lower bound RL [mm] | Upper bound Pf’ [mm]
5 0 0
4 0.5 0.5
3 -1.0 1.0
2 -1.5 1.5
1 2.0 2.0
0 2.5 2.5
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Fig.15 Modal strain energy
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Fig.17 Histograms of the change in natural frequency

Table 3 Statistics parameters for the change in natural frequency

Mode | Total frequency | Average Min Max Coefficient of variance | Kurtosis | Skewness
22 1910 1.1 =5.0 2.7 0.012 —0.14 —0.14
25 967 1.6 —-10.8 5.4 0.022 0.21 —-0.19
27 854 0.6 -9.9 4.9 0.023 0.74 —0.75
30 1054 0.1 =59 2.7 0.014 2.85 -1.24
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