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Flexibility Effects of Components on the Dynamic Behavior of Vehicle

Sang Beom Lee*, Hong Jae Yim®

Jl Abstract }

A fundamental structural design consideration for a vehicle system is the overall vibration characteristics in bending and
torsion. Vibration characteristics of such vehicle system are mainly influenced by the static and dynamic stiffness of the
vehicle body structure and also by the material and physical properties of the components attached to the vehicle body
structure. In this paper, modeling techniques for the vehicle components are presented, and the flexibility and mass effects
of the components for the vibration characteristics of the vehicle are investigated. The 1% torsional frequency is increased
by attaching windshields to the BLW. (body-in-white), but the 1% bending frequency is decreased by the mass effect. And
also, the natural frequencies of the vehicle are large decreased by attaching bumpers, seats, doors, trunk-1id, etc. But, suspension
system rarely affects the natural frequencies of the vehicle. The study shows that the dynamic characteristics of the vehicle
system can be effectively predicted in the initial design stage.

Key Words : Dynamic Characteristics(5-5-4), Natural Frequency(:1-3 2154, Vehicle Body Structure(X}3] 7-3), Vehicle System
Model(2}gk A% 2), Vibration Analysis(JE 3}4]), Vibration Mode(RF E5)
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Fig. 1 Finite element model of B.LW.
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Table 1 Material properties of windshield

Properties Values
Young’s modulus 7.2E+5 (N/mm’)
Poisson’s ratio 022
Density 24E-6 (kg/mm’)

compression

urethane

sheet metal

tension

3

Fig. 2 Local stiffness directions of windshield adhesive

Table 2 Stiffness values of adhesive

Unit: N/mm’
Stiffness type Stiffness value
Shear stiffness 5.14
Compression stiffness 49.07
Tension stiffness 545
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Fig, 3 Modeling of windshield and backlite

Table 3 Comparison of natural frequencies

Unit: Hz

Mode shape | BILW. Percent change
1 torsion 29.6 +58.4
1% bending 455 55
2™ bending 475 21
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Fig. 6 Modeling of seats
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Fig. 10 Finite element system model of vehicle

Table 7 Comparison of natural frequencies

Unit: Hz
Percent
M
Mode shape odel 4 Model 5 change
1 torsion 320 316 -13
1¥ bending 244 243 04
2" bending 262 2538 -1.5
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Fig. 11 Change of natural frequencies

Table 8 Summary of subsystem mass

Unit: kg
B.LW. 264.0
Trimmed body 540.0
Suspension system 580.2
Total mass 1384.2
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Table 9 Comparison of natural frequencies

Unit: Hz

Mode shape | Experiment FEM Percent error
1¥ torsion 30.3 316 +43
1* bending 237 243 25
2" bending 256 25.8 +0.8

Fig. 14 1% torsion mode of system model
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