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ABSTRACT

This research deals with how to select connection positions of two substructures to be synthesized. The goal of this research is to
find optimal connection positions in order to maximize the fundamental natural frequency of the synthesized structure. The natural
frequencies of a connected structure are obtained by modal-force equations. Optimal connection positions can be selected through
optimization process. In the optimization process, the natural frequencies of a connected structure are set to object function value and
connection positions become design variables. The method described above is applied to synthesis problems of plates, which is
initially conducted for FE models and verified through experiments. Especially in experiments, FRF(Frequency Response Function)s
are obtained by means of the Modal Testing technique to be used in modal-force equations for synthesizing. Once the substructures
are synthesized, the Modal Testing technique is again applied to spot-welded structure using the result from the optimization
procedure. It is found that the fundamental natural frequency of the synthesized structure with the optimized result gives higher value

than those with the initially given connection positions.
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Fig. 1 The B—Pillar of a car

Fig. 2 Spot welding of the B—Pillar



Fig. 3 Upper test pillar

Fig. 4 Lower test pillar
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Properties Upper test pillar
Thickness 2 mm
Young’s modulus (E) 190 GPa
Poisson’s ratio( v ) 0.3
Density (P ) 7920 kg/m’

Fig. 6 Properties of the upper test pillar

Fig. 7 Measurement points of
the Upper test pillar
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Upper test Error pper test Error Lowertest g .. Lowertest Error
Mode FEM Har l %) Har (b %) FEM pll(llz_llrZ gl) %) Pll(lﬁrz §2) )
1 66.311 64.813 231 64.36 3.03 66.11 63.61 3.97 64.89 1.88
2 117.14 112.03 4.55 114.46 2.34 119.45 116.07 2.90 111.39 7.24
3 163.15 152.67 6.87 159.61 2.21 178.72 17171 467 164.45 9.28
4 201.31 189.26 6.36 197.72 1.81 200.29 200.46 0.09 202.62 1.15
5 324.45 305.71 6.12 300.60 7.93 312.45 323.96 3.55 328.54 4.90
6 367.12 341.39 7.53 353.83 3.75 414.62 457.87 9.45 466.49 11.11
7 447.50 411.59 8.72 420.61 6.39 464.64 472.44 1.65 484.81 4.16
Table. 1 Errors of the natural frequencies between FEM and experiment resuit
Mode  Uppertest Lowertest ~ Uppertest  Lower test =R
pillar (1) pillar (1) pillar (2) pillar (2) 222z
1 0.966 0.926 0.987 0.903
2 0.959 0.926 0.978 0910 HHH
3 0.947 0.930 0.959 0.941 o —
4 0.921 0.727 0.929 0.839 il i o4
5 0.943 0.900 0.958 0.952
6 0.921 0.566 0.924 0.612 }t
7 0.843 0.200 0.819 0.301 I
EEP) # Yot 3
Table. 2 Mac values of Upper test pillar and i
Lower test Pillar i
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Fig. 15 Spot welding point
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Numbers of connection position

Mode 6 9 1
20 7254 9123 273.12  303.85
30 7232 9012 26732  287.32
50 7212 8978 26132  278.26
100 7204 8943 25608  273.52

Table. 3 Fundamental natural freqyency of
synthesized structure when changing
mode numbers and numbers of
connection position
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