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Modeling and Vibration Analysis of Vehicle Structures Using Equivalent Beam
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ABSTRACT

In this paper the method of modeling and optimization for the joint of the vehicle structure is
proposed. First it is described that the method of substituting equivalent beam elements to spring
elements for the joint. The stiffnesses of the spring elements are calculated using the section properties
of equivalent beam elements. To get required dynamic chracteristics section properties of equivalent
beam element are set to design variables and optimized. The study shows that joint stiffnesses can be
effectively determined in designing vehicle structure.
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Table 1 Calculation of equivalent section properties
Unit K: N-.cm/rad, I: cm?

A-pillar K K. I, | 7 I,
toroof | g 71E06 | 8.27K06 | 3.35E-1 | 4. 141
B-pillar K. K I I ]
to roof | 5 90E05 | 2.24K06 | 2.45E-2 | 1.12E-1
B-pillar Ky K. I ‘ I
to rocker | g 23E06 | 7.49E07 | 4.61E-1 = 3.75E
C-pillar Ky K. I ‘ I
to roof || 49E07 | 4.17E06 | 7.45E-1 | 2 08E-1
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Table 3 Comparison of natural frequencies

Spring | Joint beam | Equivalent Spring | Joint beam | Equivalent

joint beam joint beam
1st bending(Hz) 24.9 25.0 24.8 1st bending(Hz) 24.9 27.6 24.9
2nd bending(Hz) 26.5 27.3 25.7 2nd bending(Hz) 26.5 28.8 26.5
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Table 4 Design variable variation and percentage change of section properties

Uint I : cm*
I I
Initial Final % change Initial Final % change
A-pillar to roof 0.1732E2 0.3917E1 -77.4 0.1258E2 0.1236E1 -90.2
B-pillar to roof 0.3036E2 0.3114E1 -89.6 0.2048E2 0.5493E0 -97.3
B-pillar to rocker 0.3414E3 0.3589E2 -89.5 0.1187E3 0.5370E1 -54.8
C-pillar to roof 0.4387E2 0.1966E1 -95.5 0.8154E2 0.5830E1 -92.8
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