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Techniques of full vehicle analysis directed at all
suspension and body-related parts were combined with
test-based engineering and simulation techniques in a
two-sided approach intended to develop a technology for
reduction of floor and steering vibration. The test-based
engineering clarified the mechanism of vibration
initiation by means of full vehicle modal analysis,
operational deflection shape analysis, and transfer path
analysis implemented by excitation of the suspension.
Modifications were then made to an actual car based on
the results obtained from analysis. The simulation
techniques involved modeling of all the subject parts,
and the creation of a finite element model (160,000
nodes) that matched the actual car with a high degree
of accuracy. Sensitivity analysis was then applied to
analyze the weak points, and calculations were made to
implement modifications in the finite element model.
Both the test-based engineering and the simulation
techniques were confirmed to reduce vibration levels in
the actual car, thus substantiating the validity of these
analytical techniques.
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Fig. 1 Steering wheel vertical acceleration
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vertical acceleration
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Table 1 Example of modification

Target modes Details of modification

Local modes - Increase stiffness for steering shaft bending
steering wheel, shaft | - Reinforce steering hanger right
hanger connection to A-pillar

- Front part of rear sub-frame reinforce
+ additional beam to body

- Rear suspension lower arm connecting point
reinforce

Local modes of
rear sub-frame

2nd body bending - Increase stiffness of rear side frame
mode - Front body (lateral and vertical) reinforce
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Table 2 Calculation conditions of sensitivity analysis

Objective function minimize XL Y5LG(f)
Constraint condition subject to Wiy < Wi,
Design variance shell thickness

G(f): FRFj Responsegainatf (i=1,2,..,nj=12, .., 6)
n: Number of evaluation frequencies W, Optimized weight
W,.i: Initial weight

FRF1

FRF6: Floor z
.

Sum of FRF6 response gains: gGe( f)

I FRF2: Steering wheel

n FRF1: Steering wheel x
Sum of FRF1 response gains: 2.Gy(f)
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Fig. 22 Objective function of sensitivity analysis
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