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Verification of Modal Arrangement for Reduction of Body Response
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ABSTRACT

This report describes a verification of cabin noise
reduction for a medium class sedan at engine speeds
lower than 2000 rpm. Mode frequencies and mode
shapes are defined as a modal arrangement, and a target
arrangement is established to achieve significant body
response reduction. In order to realize the target
arrangement, a FE model of a semi-white body is
modified, and an actual vehicle is modified as well. As
a result, overall body response is reduced, and a
relationship between phases in upper and lower parts of
the cabin is improved as aimed. Thus, the modal
arrangement is proved to be effective to reduce body
noise and vibration.
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Fig. 1 Excitation points in operational EMA
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Fig. 2 Condition of operational EMA
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Fig. 3 Post processing of operational EMA

Table 1 S class mode frequency obtained from
operational experimental modal analysis

Mode number Frequency
S1 31.5Hz
S2 45.7Hz
S3 51.7Hz
S4 77.7Hz
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Fig. 4 Contribution of S class modes to
measurement frequency response
function

Fig. 5 Mode shape of S1
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Fig. 6 Contribution of W class modes to
measurement frequency response
function

Fig. 7 Mode shape of W1

Table 2 W class mode frequency obtained from
experimental modal analysis

Mode number Mode number Frequency
S1 w1 40.8Hz
W2 42.6Hz
S2 W3 48.9Hz
S3 w4 52.8Hz
W5 60.8Hz
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Fig. 8 Concept of mode shape change
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Table 3 Target mode frequency determined by
refining modal arrangement

Mode number Base frequency | Target frequency
w1 40.8Hz 49Hz
W2 42.6Hz 49Hz
W3 48.9Hz 58Hz
w4 52.8Hz 60Hz
W5 60.8Hz 64Hz
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Fig. 9 Estimation of response levels by refining
modal arrangement
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Fig. 10 Estimation of phases in upper and lower
parts of cabin by refining modal
arrangement
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Fig. 11 Stiffness sensitivity analysis

Fig. 12 Mass sensitivity analysis
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Table 4 Estimated mode frequencies with refined FE

mode
Mode Target Estimated with refined
number frequency FE model
w1 49Hz 52Hz
W2 49Hz 49Hz
w3 58Hz 57Hz
w4 60Hz 59Hz
W5 64Hz 64Hz
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Fig. 13 Estimation of response levels by refining FE
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Fig. 14 Estimation of phases in upper and lower
parts of cabin by refining FE model

Table 5 Verified mode frequencies with modified
semi-white body

Mode Estimated with | Verified with modified
number FE model semi-white body
w1 52Hz 51.9Hz
w2 49Hz 49.2Hz
w3 57Hz 56.3Hz
w4 59Hz 59.1Hz
W5 64Hz 63.5Hz
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Fig. 15 Verification of response levels by modifying
semi-white body
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Fig. 16 Verification of phases in upper and lower
parts of cabin by modifying semi-white
body
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