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The Estimation of Subjective Evaluations for Impact Sound and Analysis of the Effects
for Parts of a Car
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ABSTRACT

Impact noise is induced in a car when it is driven on a harsh road or over some bumps. This noise occurs with the very high
level of sound, which affects passengers in some way or other. Although it is impossible to clearly remove such noise. It is
necessary to research an improvement in sound quality for impact noise. A new sound metric for impact sound is presented in the
previous work. This metric is verified by comparison between mean subjective ratings and several sound metrics. In this paper,
more objective attributes are considered, which are the attributes expressing the level and modulation of sound. Three sound
metrics are employed to get impact sound indexes for each course by the method of multiple linear regressions. The indexes are
verified by considering the correlation between the estimated values from the multiple linear regressions and the mean subjective
ratings by evaluators. Also, the subjective ratings on the indexes are estimated for the case in which some parts of suspension
system are changed. The estimated ratings represent more reasonable or acceptable ratings. Thus, such indexes can be used for
modification of the parts of suspension system under considering a good sound quality.
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Fig. 1 Impact noise occurred by the speed bump

on the road.
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(d)

Fig. 2 Pictures of test courses (a) course 1:
impact bar, (b) course 2: continuous bandy road,
(c) course 3: broad bump, (d) course 4: narrow
bump.
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Fig. 9 HFEC and the subjective rating of 15
passenger cars for 4 impact courses.

Table 1 Correlation between overall attributes for
impulsive at each course.

Course No. First Second Third
Loudness FS HFEC
Course 1
0.9372 0.7745 0.7372
Loudness HFEC FS
Course 2
0.9571 0.8087 0.7706
Loudness HFEC FS
Course 3
0.9165 0.7790 0.5962
Loudness HFEC Roughness
Course 4
0.9581 0.7281 0.6036
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Table 2 Factors of sound quality index for
impulsiveness at each course, using three
objective attributes.

Course No. a b; by b
Course 1 | -0.802 | 0.481 0.764 7.341
Course 2 | -0.302 | 0.570 | -7.663 | 0.771
Course 3 | -2.527 | 0.541 | 10.113 | 1.978
Course 4 | -1.799 | 0.548 | -2.098 | 6.246
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Table 3 Changed conditions for the parts of the
vehicle.

No.

Modified Conditions

Reference

Tire Pressure: 40 psi (Reference: 33psi)
Stiffness of insulator: HS65
(Reference: HS55)

Decrease of damping for shock absorber

Shortening in the length of bump stopper

| O] W D]~

Filling of trailing arm bushing
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