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Abstract: The reduction of vehicle interior noise has been the main interest of NVH engineers. The driver’s perception of the
vehicle noise is strongly affected by the psychoacoustic characteristics of the noise and the SPL. The existing methods to
evaluate the SQ for vehicle interior noise are linear regression analysis of subjective SQ metrics by statistics and the
estimation of subjective SQ values by neural network. However, these methods strongly depend on jury tests, this leads to
difficulties. To reduce the important of the jury tests, we suggest a new method using the Mahalanobis distance for SQ
evaluation. And, the optimal characteristic values that influenced the results of sound quality evaluation on the basis by main
effect. Finally, we developed a new method based on the MD method to evaluate sound quality. The result of noise evaluation
revealed that the sound quality could be well improved by changing the structural characteristics of the vehicle.
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Fig. 1 Flow chart of MTS
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Table 1 The characteristic data of reference group

. | ser) | T ; &ﬂ)_ S}m R leﬂ E = A;‘::ey Loud
1| 74 747 | 0435 | 0637 | 00334 | 50 | 36
2 | 719 755 0437 | 0635 | 00333 | 51 | 38
3 791 8.05 0.444 0.659 0.0334 52 43
4 78.7 797 0.443 0.661 0.0335 50 42
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Fig. 2 The tire construction of the wrap type
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Table 2 The mean and variance of values Table 4 The correlation matrix
= h TRomoh T = Louds Sh: ghn Fh Annoy
SPIC) L(Sone) Sac:lm) (asper) ! vacil) A:l:ey T SPLO) | (sone) | (acum) | (asper) | (vaci) | -amce | 1O
a5z 783 776 0.440 0.648 0.0334 50 40 SPL(C) 1 0983 0989 0909 0425 0458 1
= I‘E’::::fs 0983 1 0.997 0971 0587 0293 | 0986
g; 0.7542 02923 0.0044 0.0142 0.0001 0.1031 | 03198
smm;s 0.989 0997 1 0959 0.554 032 | 0992
. . Roughness
Table 3 The standardization of values @pey | ¥V | &M 9% ! 0763 | 008 | 08
No. SPL(C) L?:::ems Sh;m::;lms Rougl:'t)ss Fh;‘c;algon ﬁg Loud Fh;::gr)m 0425 0.587 0.554 0.763 1 0594 | 0447
1 -1.10712 | -0991972 | -1.019049 -0.792693 -0.240192 -0.8489 | -1.1334 Annoyance 0458 0.293 032 0.058 -0.594 1 0436
2 -0.52373 | -0.718325 | -0.679366 -0.933616 -1.200961 0.6063 -0.5081 Loud 1 0.986 0992 0918 0447 0436 1
3 1.10712 | 09919725 | 1.0190493 | 0.7926926 02401922 1.0914 1.0552
4 052373 | 07183249 | 06793662 | 09336158 1.2009612 -0.8488 0.5862 Table 5 The MD Of eaCh SlgnalS
o _ No. MD
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Table 7 The target frequency and factors

par | Tt
A@RR) 33.0
B (FL) 63.0
CRR) 76.1
D(RR) 1262

Table 8 The control factors and their levels

Level No. 1 2 3 4

% 100% 66% 33% 0%

Table 9 The orthogonal array and factors assignment

Experiment No. Toacor MD
A B 9 D
1 1 1 1 1 31
2 1 2 2 2 51
3 1 3 3 3 40
4 1 4 4 4 27
5 2 1 2 3 43
6 2 2 1 4 44
7 2 3 4 1 26
8 2 4 3 2 23
9 3 1 3 4 46
10 3 2 4 3 24
11 3 3 1 2 44
12 3 4 2 1 31
13 4 1 4 2 33
14 4 2 3 1 29
15 4 3 2 4 28
16 4 4 1 3 38
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Table 10 The predicted MD of the optimal sound

Loudness | Sharpness | Roughness | Fluctuation | Annoy
SPHE) (Sonc) (acum) (asper) (vacil) -ance Fond | My
782 37 0875 0.801 0.0126 41 42 7
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Table 11 The predicted MD according to the tire type
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Fig. 5 The relations between SQ index and component
price
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