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Dynamic Characteristic Analysis of the Vehicle System Model
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Abstract

Vibration characteristics of a vehicle are mainly influenced by dynamic stiffness of the vehicle body
structure and material and physical properties of the components attached to the vehicle body structure.
In this paper, modeling techniques of the vehicle components are presented and the effects of the
vehicle components on the vibration characteristics of the vehicle are investigated.
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Table 1 Material properties of windshield

Properties Values
Young’s modulus 7.2E+5 (N/mm®)
Poisson’s ratio 0.22

Density

2.4E-6 (kg/mm®)

compression

sheet metal

tension

Fig. 2 Local stiffness directions of windshield
adhesive

Table 2 Spring rates for windshield adhesive
Unit: (N/mm)/mm

Direction | Type Spring rate
1 Shear stiffness 5.14
2 Compression stiffness 49.07
3 Tension stiffness 5.45

Shell Element

Spring Ele ment

Fig. 3 Modeling of windshield and backlite



Table 3 Natural frequencies of vehicle
(B.L.W +windshield/backlite)

Unit: Hz, %

Mode shape Percent
change
+58.4
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1st torsion

1st bending
2nd bending
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Lumped Vewy

1,23,
45,6

Rotational Spring Front
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Rigid Exement
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Fig. 4 Modeling of hood
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Fig. 5 Modeling of trunk-lid
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Fig. 6 Modeling of seats



Table 4 Natural frequencies of vehicle
(B.L.W +windshield/backlite+hood/trunk-lid/seats)

Unit: Hz, %
Percent
Mode shape| Model 1 Model 2
change
1st torsion 46.9 36.0 -23.2
1st bending 43.0 30.8 -28.4
2nd bending 46.5 321 -31.0
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Fig. 7 Modeling of bumpers

Table 5 Natural frequencies of vehicle
(B.1.W.+windshield/backlite+hood/trunk-lid/seats
+bumpers)

Unit: Hz, %
Percent
Mode shape| Model 2 Model 3
change
Ist torsion 36.0 34.1 -53
1st bending 30.8 25.3 -179
2nd bending 321 23.4 -11.5
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Fig. 8 Modeling of doors

Table 6 Natural frequencies of vehicle
(B.1.W.+windshield/backlite+hood/trunk-lid/seats

+bumpers+doors)
Unit: Hz, %
Percent
Mode shape| Model 3 Model 4
change
st torsion 34.1 320 -6.2
Ist bending 25.3 24.4 -3.6
2nd bending 28.4 26.2 7.7
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Fig. 9 Modeling of chassis system

Table 7 Natural frequencies of vehicle

(B.I.W.+windshield/backlite+hood/trunk-tid/seats
+bumpers-+doors+chassis system)
Unit: Hz, %
Mode shape| Model 4 | Model 5 | L oreent
change
st torsion 32.0 316 -1.3
1st bending 24.4 24.3 -04
2nd bending 26.2 25.8 -15
50.0
wo | w7 _ne,
o >  2na manding
gmo J _ T e .
20.0

B.LW.

Model 1
Model 2
Madel 3
Model 4
Mode! 5

Models

Fig. 10 Change of natural frequencies
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Table 8 Summary of subsystem mass
Unit: kg
BIW. 264.0
Trimmed body 540.0
Chassis system 580.2
Total mass 1384.2
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Table 9 Comparison of natural frequencies
Unit: Hz, %
Mode shape | Experiment | FEM | Error rate
1st torsion 30.3 31.6 +4.3
1st bending 237 24.3 +25
2nd bending 256 25.8 +0.8
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Fig. 11 Vehicle system model

Fig. 12 1st torsional vibration mode
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