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Analysis of Vibration in Suspension System Using Finite Element Model
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ABSTRACT

A technique enabling the level of vibration in a
suspension to be predicted has been developed to
improve road noise performance. Individual parts were
defined and modeled to faithfully reproduce their shape
and structure, and a method of assembling the parts
models was then formulated to enable mid-frequency
vibrations to be predicted. In addition, to enable the
prediction of vibration in a running suspension, a method
of experimental identifying the force transmitted to the
suspension by the road surface to initiate vibration was
developed. Measured values and predicted values were
compared to verify the accuracy of the prediction
technique. In addition, the technique was employed to
study the reduction of vibration in an actual suspension,
confirming its effectiveness in predicting the effects of
structural change.
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Table 1 Elements list of FE model

Component Parts FE model Component Parts FE model
Rod PO i CBAR, CSHELL,
Inner ,fi,fe CBAR, CSHELL, Bracket _|CTETRA, CONM
Damper |Rod guide CONM, . Coil spring
Valve CELAS, CDAMP. Spring Seat rubber CBEND, CELAS
Qil Rubber
Gas Bush Outer collar | CONM, CELAS
Drum Inner collar
Pad Stud
. CBAR, CTETRA
Base plate |CSHELL, CTETRA,| Ball joint [Outer case N !
Drum brake | gher'parts | cONM, CELAS Ball CONM, CELAS
Spring Rink CBAR, CSHELL
Contact area - Rink ball , !
) Hub Stabilizer Holder CTETRA, CONM,

h . CBAR, CSHELL, CELAS
bearing & |Bearing Holder bush
spindle [ Spindle CTETRA, CELAS Body

Rim Subframe |Bracket
Disk CSHELL, CTERTA| Collar

ICSHELL, CTETRA,

Wheel CONM

@) Concentration mass
:f Spring
-6’9' Elastic bar

— Rigid bar

Fig. 1 Low frequency FE model

Fig. 2 Mid frequency FE model

Fig. 3 Contact area of wheel disk and hub

Fig. 4 Connection area of wheel disk and hub in model
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Fig. 5 Precision verification of force identification
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Fig. 6 Precision verification of FRF
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Fig. 8 Mode contribution of target point FRF

Fig. 9 Mode shape of Camber mode
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Fig. 10 Improvement of camber mode by increased
wheel disk stiffness
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Fig. 11 Sensitivity of suspension components to
changes in stiffness and mass

Fig. 12 Case of structure change for improvement of
road noise
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Fig. 13 Improvement of camber mode by optimization
of stiffness and modal mass
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Fig. 14 Estimate of improvement using FE model
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Fig. 15 Verification of improvement by experiment
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Fig. 16 Improvement of road noise by optimization of
modal mass
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Fig. 17 Comparison of different suspension systems

as calculated by FE model

Modal mass area

Fig. 18 Modal mass area of multi-link suspension in
camber mode

Modal mass area

Fig. 19 Modal mass area of torsion-beam suspension
in camber mode
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Fig. 20 Comparison between sub-frame floating and
torsion-beam suspension as calculated by
FE model
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