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Development of a Sound Quality Index for the Evaluation
of an Intake Noise of a Passenger Car

o] & gt -uk o - A Y
J. K. Lee, Y. W. Park and J. B. Chai
(200543 49 119 AHF : 20059 7€ 149 AAgEE)

Key Words : Sound Quality Index(&Z*|4*), Multiple Factor Regression(thE3 7 ), Correlation Analysis(2F3
#4), Acoustic Transfer Function(& 34 23%4)

ABSTRACT

“In this paper, a sound quality index for the evaluation of the vehicle intake ndise was developed
through a correlation analysis of the objective measurement and the subjective evaluation. First,
intake orifice noise was measured at the wide-open throttle sweep condition. And then, the acoustic
transfer function between intake orifice noise and interior noise was measured. Simultaneocusly,
subjective evaluation was carried out with a 10-scale score by 8 special engineers. The correlation
analysis between the psychoacoustic parameters derived from the measurement and the subjective
evaluation was performed. The most critical factor was determined and the corresponding sound
quality index for intake noise was obtained from the multiple factor regression analysis method.
Finally, the effectiveness of the proposed index was validated.
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Fig.1 Test setup for the measurement of the
intake orifice noise at the anechoic
chamber

Table 1 Specification of the test vehicles

Vehicle | Displacement | T/M Class
A 11D M/T | Mini Compact
B 08 S M/T | Mini Compact
C 155 M/T Subcompact
D 20D M/T Compact
E 16 D M/T Compact
F 18 LPG A/T Compact
G 25 L6 A/T Intermediate
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Fig. 2 Contribution of intake noise to the interior
noise at the vehicle B (a) Intake noise
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function between the intake orifice noise
and the interior noise (c) Calculated
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Table 2 Psychoacoustic parameters of the objective
measurements

Definition
SPL(Linear, A, B, C, D-weighted)”
Mean value SPL(Linear, A-wei)?
Standard deviation SPL(Linear)?
Standard deviation SPL(A-wei)?
Weighted SPL(Linear)®
Weighted SPL(A-weighted)?

Weighted engine firing order
(Linear)

Categories

Index based
on the sound
pressure level

Weighted engine ﬁrirzl)g order
{ A-weighted)

1/1 octave(Linear, A-wel.)

1/3 octave(Linear, A-wel.)
Low frequency gactor(LF, Linear)
Low frequency factor(LF, A-wei.)

Spectrum balance(SB)?

Original CRP?
Weighted CRP”
Steven's loudnessl
Zwicker's loudness])?
Weighted loudness(Steven's
Weighted loudness(Zwicker's)"?

1) Np= (N Y0669 4 pr 1/0.669)0.669

Njy: Loudness(binaural)

N, : Loudness(left ear)

Ny Loudness(right ear)

Fu4 F7v-S original, 20~200 Hz bandpass,
200~510 Hz bandpass, 200~920 Hz bandpass,
920 Hz highpass 7#7t22 o] AAE,

* CRP : Composite rate preference

)2)
Index based

on the
psycho-acousti
¢ parameters

)15. 2)

2)
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Table 3 Consistency of concordance and rank
correlation coefficiency of spearman

Ml | M2 | M3 | M4 | M5 | M6
0.9500.968 10929 | 0.975] 0.955 | 0.974

Consistency of
concordance
s 0.92910.893 | 0.964 | 0.821 { 0.964 | 0.929
Z 0.003 | 0.007 ; 0.000 | 0.023 { 0.000 | 0.003
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Table 4 Judgment standard of the multicollinearity

Judgment standard
Eigenvalue 4 < 001

Evaluation variable

Collinearity o

: : or condition number n > 100
diagnostics (No problem)
Tolerance Tolerance = < 0.1

(existence of multicollinearity)

VIF > 10
(existence of multicollinearity)

1.5 < coefficient @ <2.5
(No problem)

Variance inflation
factor (VIF)

Durbin-watson
coefficient( w)

Y+2.0
04

—«
PN
o

Y+1.0

/

]

Objective Evaluation

Y+0.5

Y
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Subjective Evaluation
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Fig.5 Verification of intake sound quality
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