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The Development and Application of Sound Quality Index for the Improving
Sound Quality to Road Vehicle Power Window System
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ABSTRACT

With the increasing the importance of emotional quality of vehicle, the sound quality of systems
with electric motor components has become increasingly important. Electric motors are used for
windows, seats, sun roof, mirrors, steering columns, windshield wiper, climate control blowers, etc.
In this paper, a study was conducted to identify sound quality factors that contribute to customer‘s
satisfaction and preference of the window lift system. Jury test for subjective evaluation was carried
out and sound quality index was developed. Averaged sound pressure level and sharpness were
significant factors when glass moves down. Also, maximum loudness at stop section and averaged
loudness were significant factor when glass moves up. Noise source identification was carried out
for the reduced the loudness and sharpness during glass transferred section and impulsive noise at
stop section, Using the source identification result, several improvement points were applied. And
finally, the degree of sound quality improvement was judged using sound quality index.
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Fig. 2 Sound pressure level profile along the time

[h]
(=4
o

I'requency |Hz]

o
o

5 vts & 10 12
Time [sec]

Fig. 3 Time vs. Frequency characteristics during glass open
and close procedure
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Fig. 5 Scattering plot of averaged SPL and sharpness for
- open condition
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Table 1 Result of variance analysis — open condition

Model Sum of Square | df | Mean Square| F | Sig.
Regression Model 28.23 2 14.11  |19.68|0.001
Residual 5.74 8 0.72
Sum 30.97 10
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Table 2 Result of variance analysis — close condition

Model Sum of Square | df |MeanSquare| F | Sig.
Regression Model 27.30 13.65 |60.70]0.000
Residual 1.61 0.20
Sum 29.91 10

Table 3 Coefficients of the regression model — open

condition
Coefficient
Model . :
unstandardized standardized
Constant 27.16 3.75
Avg. SPL -0.35 0.08
Avg. sharpness -1.66 0.77

Table 4 Coefficients of the regression model — close
condition

Coefficient

Model

unstandardized

standardized

Constant

14.24

0.88

Max. Loudness

0.02

Avg. Loudness
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Fig. 8 Sound visualization for friction noise (a) and impulse
noise at end position (b)
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Fig. 9 Modification for reduced noise characteristics
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Fig. 10 Improvement result of motor noise

Table 5 Sound quality index after applied modification

Factor Differential value
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