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Sound Quality Evaluation for the Vehicle HVAC System
Using Optimum Layout of Damping material
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ABSTRACT

The reduction of the Vehicle interior noise has been the main interest of NVH engineers. The driver’s perception on the vehicle
noise is affected largely by psychoacoustic characteristic of the noise as well as the SPL. In particular, the HVAC sound among the
vehicle interior noise has been reflected sensitively in the side of psychology. In previous study, we have developed to verify
identification of source for the vehicle HVAC system through multiple-dimensional spectral analysis. Also we carried out objective
assessments on the vehicle HVAC noises and subjective assessments have been already performed with 30 subjects. In this study, the
linear regression models were obtained for the subjective evaluation and the sound quality metrics. The regression procedure also
allows you to produce diagnostic statistics to evaluate the regression estimates including appropriation and accuracy. Appropriation
of regression model is necessary to R* value and F-value. And testing for regression model is necessary to Independence,
Homoscedesticity and Normality. Also we selected optimum layout of damping material using Taguchi method. As a result of
application, sound quality is improved by more quiet, powerful, expensive, smooth.
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Table 1 The coefficient of correlation between sound
metrics and subjective rating

L. s | R | P]E"

Coefficient | o 7¢1 1 888 | 0715 | 0.766 | 0.899
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Table 2 Regression procedure: ANOVA and R-square
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Table 3 The Overall value of each sound metrics

.- =" | SPL(A) | Loudness | Sharpness.| Roughness .
|- dB(A)).|, (soneGF)- | - (acum) |, (asper)
Value 50.6 6.29 1.62 0.738

Table 4 Testing for Independence using Durbin-Watson

L S R P E static
' v | s | R | P |.E
F-value 13.70 | 10.46 | 37.19 | 9.59 [ 20.01 . : .
—— Durbin —
Significant - . 242 | 292 | 2.16 | 2.03 | 2.10
difforence(Sig,) | 0004 | 0.009 | 0.001 | 0011 | 0012 Watson-static
R-square 0.678 | 0.788 | 0.711 | 0.689 | 0.667
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Estimated regression equation of ‘Loud’ I
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Table 5§ Estimated regression equation of vocabularies T
selected by 5 subjects vw
Estimated: regress'ion‘model‘ .
Loud -0.12082 + 0.68827 X loudness Fcel
+ +5
Sharp 23.2110 - 11.3068 X sharpness
Rough 3.2717 + 1.58854 X roughness S w
z o+
Powerful 0.63088 + 0.56437 X loudness @
HW
Expensive -0.3002 + 0.75845 X< loudness Fig. 3 Sectional diagram of blower
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Table 6 Orthogonal array and factors assignment

\Y% H | VW | VL | HW | HL
1 1 1] 1 I 1 1
2 1 2 2 2 2 2
3 1 3 3 3 3 3
4 2 1 1 2 21 3
5 2 2 2 3 3 1
6 2 | 37 3 | 1 1| 2
7 3 1 2 1 1 2
" 8- 3 2 3 2 2 3
9 3 3 1 3 3 1
10 1 1 3 3 3 2
11 1 2 1 1 1 3
12 1 3 2 2 2 1
13 2 1 2 3 3 3
14 2 2 3 1 1 1
15 2 3 1 2 2 2
16 3 1 3 2 2 1
17 3 2 1 3 3 2
18 3 3 2 1 1 3
Table 7 Control factors and their levels
Level 1 Level 2 Level 3
Vv F C B
H F C B
vw 1.5 2.0 3.0
VL 12 18 24
HW 10 15 20
HL 4 6 .8
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Fig. 4 The main effect plot for S/N ratio of SPL(A)

Table 8 The overall value of SPL and each sound metrics

?resent . | Predicted Differencq

SPL(A) 62.0 59.8 2.2

Loudness
K R 1.

(soneGF) 17.0 15.2 8
Sharpness 2.69 278 0.09

{acum)
Roughness 1.98 1.81 0.17

(apser)
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Table 9 Difference of predicted regression before control

and after control by damping patch
Difference Remark
Loud 1.24 Quiet(1)-Loud(7)
Sharp -1.02 Soft(1)-Sharp(7)
Rough 0.27 Smooth(1)-Rough(7)
Powerful(1)-
Powerful 1.02 Unsatisfactory(7)
. Expensive(1)-
Expensive 1.37 Cheap(7)
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