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Sound Quality Evaluation and Grade Construction of the Level D Noise
for the Vehicle Using MTS
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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. The previous methods to evaluation of the SQ about vehicle interior
noise are linear regression analysis of subjective SQ metrics by statistics and the estimation of
the subjective SQ values by neural network. But these are so depended on jury test very much

that they result in many difficulties. So, to reduce jury test weight, we suggested a new method
using Mahalanobis distance for SQ evaluation. And, optimal characteristic values influenced on the
result of the SQ evaluation were derived by signal to noise ratio(SN ratio) of the Taguchi method.
Finally, the new method to evaluate SQ is constructed using Mahalanobis—Taguchi system(MTS).
Furthermore, the MTS method for SQ evaluation was compared by the result of SQ grade table at
the previous study and their virtues and faults introduced.
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Table 1 The vehicle list of reference group

No. Year of Operation Engine stroke
manufacture {(km) Volume(cc)
A 2005 b 1600
B 2001 23000 1500
C 2002 27000 2000

Table 2 Characteristic values

Characteristics values Index

Loudness (sone) Z,

Sharpness (acum) Z;

o Roughness (asper) Zs
Objective

Fluctuation (vacil) Zy

SPL (dB) Zs

SPL (dBA) Zs

Al1128% (100 point) L

F7L=2-8- (100 point) Zs

%&E;eiteigs A% (100 point) Zy

M52 8= (100 point) Zo

#23}k (100 point) AN

Table 3 The character data of reference group

A | B C
z, 5.7 5.7 6.5
YA 1.23 1.14 1.02
Z; 0.78 0.8 0.78
7 0.026 0.032 0.038
Z 83.7 76.8 82.2
Zs 16.5 17.4 19.8
Z. 37.9 39.8 55.4
Z 2.5 34.4 38.3
Z 33 417 58.3
Z1o 411 48.9 52.1
A 65.8 57.8 453

=& /A 1848 A4 5, 20083/395
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Table4 The correlation matrix

Z Ly Ly | 4y Zs Ze | 41 | Zs | Zs | Zv Ziy
Z) 1 -0.904 -0.5 0.866 0.31 0.965 0.995 0.715 0.941 0.72 -0.922
Z -0.904 i 0082 | -0.997 | 0.126 | -0985 | -0.942 | -0.945 | -0.995 | -0.948 | 0.999
Z3 -0.5 0.082 1 0 -0.978 | -0254 | -0411 | 0.248 | -0.179 | 0.241 0.126
VA 0.866 0.997 0 1 -0.207 | 0.967 0.911 0.969 0.984 0.971 | -0.992
Zs 0.31 0.126 | -0.978 | -0.207 1 0.048 0.214 | -0.443 | -0.028 | -0.436 | 0.082
Zs 0.965 0.985 | -0.254 | 0.967 0.048 1 0.986 0.874 0.997 0.878 | -0.992
Z; 0.995 0942 | -0.411 | 00911 0.214 0.986 1 0.781 0.97 0.786 -0956
Zs 0.715 0.945 0.248 0.969 | -0.443 | 0.874 0.781 1 0.909 1 -0.93
Zg 0.941 0.99% | -0.179 | 0984 | -0.028 | 0.997 0.97 0.909 1 0912 | -0.999
2o 0.72 -0.948 | 0.241 0.971 -0.436 | 0.878 0.786 1 0.912 1 -0933
Zu -0.922 | 0.999 0.126 | -0992 { 0.082 | -0.992 | -0.956 | -0.93 | -0.999 | -0.933 1

Tabled The Mahalanobis distance of reference
group

| A B |
MD 0.3481 0.3480 0.3481

257k Heo) ool gt 3089 WAl Ho]
stgon, A Ate g9e 77 A

noisebooks AH&3tq 3}t

(4) opgelen] A AZ(MD) A4t

AAIFY dolgdA 43 11749 AU
T 27} b& AT %S 7 JleEE o
g TYg 7IgolA vlmEtr] 3 ZEs Al
19 7z EQQAE e ARBAES meotslr]
319 dlo|]HE vlEoE Z} EARIAE 7He
ATE A4t Table 40 A3k A3y
ARIEE U= 712 35o8 3 H|A
w9 A¥EEEE gldte dACA thA|gHAE

2 ox uf ox S
rlo i b

olo
)
o

Gl 7l P AAE Mo 4aE
of thgt vl AZ(MD)E AASle] Table
50 A3t ol HA41F MDY FET 0~2
9l okl EAsted, BA AL A 3y
359 MDZ ¥elelns A4IF Mol Yt
1 gy F I

3.2 HPEA O M7 A AdH=3 &0l
(D ¥AY 2§ A9 92 dolg 3
A 2§ AdAFE & 8Y] 5 AAIFL

Table 6 The vehicle list of abnormal group

No. Year of Operation Engme stroke )
manufacture (km) Volume{ce)
D 2003 51000 1500
E 2001 36000 1500
F 2001 100000 2000
G 2002 68000 1500
H 2004 33000 2000

Table7 The character data and Mahalanobis
distance of abnormal group

D E F G H
Z 8.0 7.2 9.0 7.1 8.3
Zs 1.04 0.98 1.12 1.11 0.91
Z3 0.99 0.85 1.12 0.93 0.73
Zy 0.03 0.029 | 0034 | 0.035 | 0.036
Zs 895.2 84.2 85.0 82.8 84.0
Zs 52.2 50.8 54.4 50.3 54.5
Z7 71.3 56.6 68.3 07.2 78.7
Zs 47.2 41.3 43.1 36.3 56
Zy 67.6 56.2 73 49.3 40.3
Zo 42 43 51.2 05.1 62
Z 29 39.2 34.2 39.8 17.3
MD 31 19 68 14 70
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Table 8 Simulation layout using Orthogonal array Lio

YA L VA Zs Zs Zs Zy Zs Zs | Zw | Zn A B C
1 1 1 1 1 1 1 1 1 1 1 1 0.3481 0.348 | 0.3481
2 1 1 1 1 1 2 2 2 2 2 2 0.8341 | 0.8256 | 0.8315
11 2 2 1 2 1 2 1 1 1 2 2 0.9105 | 0.9022 | 0.8958
12 2 2 1 1 2 1 2 1 2 2 1 0.8372 | 0.8559 | 0.3801
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Fig. 2 The comparison analysis of the S/N ratio’s
main effects
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Table9 The comparison of MD before and after
removal ineffective character values

Mahalanobts dlstance .
Analysis Cases With all - With effective -
values values |
A 0.3481 0.4667
Reference | 0.3480 0.3998
group
C 0.3481 0.4131
D 31 35
E 19 18
Abnormal B 68 7
group
G 14 17
H 70 65

Table 10 The grade of sound quality at the vehicle
level D noise

b = T A Y et PP

Grade MD Vehicle Comparison
ranee No. Jury test | Equation
1 0~2 | ABC
2 | 2~10 A A
3 10 ~ 30 G, E B C B C
4 30 ~ 50 D 1;3: % FTE'G I’D,H
5 | 50~8 | FH H
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