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A Study on Modal Analysis of a Large Structural System
with Contribution Factor Analysis of Substructures

Ean Soo Cho, Serl Baik, Hong Jae Yim, Hyo Sik Kim
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Abstract

In this study, a method is presented to find out a relationship between modes of a substructure
and those of the system structure. Superelement analysis is performed for a full vehicle system, where
the bus is partitioned by six parts. In this study, Modal Assurance Criteria(MAC) which is to represent
the correlation between two mode shapes is used to investigate the contribution factor of each
substructure for the full system. The proposed nparticipation factor can be used for design of
substructures to meet the design target of the total structural system.
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3.3 Generalized Dynamic Reduction(GDR)
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b-set = degrees of freedom fixed during component
mode analysis or dynamic reduction

g-set = generalized degrees of freedom for dynamic
or component mode synthesis



3.4 Component Mode Reduction
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Fig. 1 FE model for substructure
analysis
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1. Guyan Reduction (Static Condensation)

2. Generalized Dynamic Reduction (GDR)

3. Component Mode Synthesis (CMS)

Table 1 The comparison of the modal analysis

results
Mode No. |[Reference] Guyan GDR CMS
of full sys. (Hz) (Hz) (Hz) (Hz)
1 12.55 12.73 [ 12.56 | 12.57
2 16.43 16.51 16.46 | 16.48
3 17.80 18.13 | 17.82 | 17.83
4 18.28 20.92 | 18.31 18.33
5 20.08 21.82 | 20.12 | 20.18
6 21.90 22.69 | 21.97 | 22.09
7 22.28 2493 | 22.36 | 22.43
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Table 2 Modal frequencies of substructures with
fixed boundary condition

Roof Left | Right F R F

00 Side | Side ront ear |Frame
1 [34.67]20.92| 26.42 | 40.00 | 35.40 { 37.86
2 139.81126.33|27.29 { 54.75 | 38.33|37.87
3 143.31128.14] 30.00 | 58.44 |42.71 {49.30
4 144.41129.38| 30.02 | 62.28 [45.10149.32
5 [45.45132.89| 35.11 | 67.14 |52.11 [ 50.03
6 |46.10134.65| 36.26 | 69.52 | 57.84 | 52.77
7 147.13136.53] 39.43 61.70 | 53.41

Table 3 Modal frequencies of substructures
with free boundary condition

Left | Right T
Roof Side | Side Front | Rear |Frame

1 351 | 224 232 | 566 | 1159 | 7.78

2 11699 [ 2.32 241 11054 | 1848 | 868

3 12204 | 233 2.68 135 | 1865 | 9.37

4 12241 | 234 5.27 2291 2532 ]13.09

5 [ 2486 ] 270 | 6.49 291 | 2768 | 148

6 12599 334 | 817 3251 3106 | 152

7 12614 ] 657 | 11.41 | 1547 | 3510 | 19.09
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Table 4 Strain energy of each substructure

Left | Right

Roof | side | side

Front | Rear | Frame

2.83E+02|3.78E+02|6.46E+02| 3.57E+02 |2.06E+02]9.76E+02

2.55E+02{7.06E+02]5.24E+02| 1.09E+03 |2.456+02 |2 11E+03

1.48€+02|3.636+03]4.30E+02| 5,19E+02 | 1.54E+0219.75E+02

3.60E+02{2.94E+03|4.71E+02| 3.24E+02 |6.14E+021.46E+03

4.48E+03{4.99E+02|1.156+03| 2.01E+02 | 2.50E+02|8.98E+02

5.27E+02
2.46E+03

1.076+03[1.21E+03
1.85E+03|1.60E+03

6.16E+02
8.39E+02

1.956+03
4.03E+02

3.69€+03
1.626+03

6.01E+03
2.33E+01

8.57E+02|1.06E+03} 7.45E+02
8.31E+02[1.21E+04} 4.90E+01

2.60E+02
1.76E+02

1.05E+03
2.02E+02
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8.27E+00|1.2BE+04]7.74E+02]10.00E+00|1.78E+01|4.78E+01
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fraction of each substructure = 1

o} 7)1 4], n = substructure2] 7§
Table 5 Fraction of total strain energy of the
residual structure modes

ModeNo Left | Right

(freq.) Roof Side | Side Front | Rear |Frame
1(12.57) ] 0.09 | 0.12 0.21 0.11 | 0.07 0.31
2(16.48) | 0.05 | 0.13 0.10 0.20 | 0.05 0.39
3(17.83) [ 0.02 | 0.58 0.07 0.08 | 0.02 0.16
4(18.33) | 0.05 | 0.44 0.07 0.05 | 0.09 0.22
5(20.18) | 0.56 | 0.06 0.14 0.03 | 0.03 0.1
6(22.09) | 0.05 ] 0.1 0.13 0.06 | 0.20 0.38
7(22.43Y1 0250191 016 [ 008 [ 0041 016
8(24.36) | 051 ] 0.07 0.09 0.06 | 0.02 0.09
9(26.10) 1 0.00 | 6.06 0.90 0.00 | 0.01 0.02
10{26.30)] 0.00 | 0.94 0.06 0.00 | 0.00 0.00
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Fig. 2 Contribution of substructure in each of
full system modes
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Contribution of Roof for fifth mode of full system

5 6
Roof mode

Fig. 3 Contribution of the roof for the fifth
mode of the full system using MAC

Contrbution of Roof for fitth mode of ful system

Fig. 4 Contribution of the roof for the fifth
mode of the full system using MSF
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Fig. 5 Mode shape for the fifth mode of
the full system

Fig. 6 Mode shape for the ninth mode of
the roof

Mode constraint for fifth mode of full system

Mode number of Roof

Fig. 7 Mode constraint for the fifth mode of the
full system
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Fig. 8 Participation factor of the roof for full

system
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