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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 win-
dows, seats, sun roof, mirrors, steering columns, windshield wiper and 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 sig-
nificant factors when glass moves down. Also, maximum loudness at stop section and averaged loud-
ness were significant factor when glass moves up. Next, noise source identification was carried out
using beam forming method during glass transferred section and impulsive noise at stop section.
Several improvement methods were applied using the source identification result. And finally, the de-
gree of sound quality improvement was judged using sound quality index.
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Table 1 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
analysis) /
2
R? 80 %,
93 %
(ANOVA)
p-value 0.001,
0.000 95 %
. Tables 1, 2
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Table 2 Coefficients of the regression model - close

condition
Coefficient
Model
Unstandardized Standardized
Constant 14.24 0.88
Max.
Loudness -0.03 0.02
Avg.
Loudness -0.84 0.07
6.
6.1
0.5 kHz~4 kHz
SM Instrument
1.5 kHz
2.0 kHz
2.0kHz
Fig. 9
Fig. 10(a)

19

(o)

(b) Glass close
Fig. 9 Sound visualization for motor booming noise

(b) Glass stop at end position

Fig. 10 Sound visualization for friction noise (a) and
impulse noise at end position (b)

Transactions of the KSNVE, 24(2) : 108~116, 2014 113



Seonghyeon Kim et al; The Development and Application of Sound Quality Index for the Improving ...

<
=}
=
-
B
7
0.1 02 0.5 1 2 5 10 20
Frequency [kHz]
(a) Appearance of window motor (a) Original
magnet spring I 10 dB
magnet (/
magnet  holder =
self-align i
bushi
Hhe metal endcap E]
) »n
brush holder

terminal 2o, @
motor carbon brush %/f 0.1 02 0.5 1 2 5 10 20

housing slceve bushing < ;’ ’ Frequency [kHz]
washer and o '} (b) After improvement
slinger brush . H
spring Fig. 12 Improvement result of motor noise
steel
shaft commutator
spacer and Lo
washer winding
(14)

(b) Configuration of DC brushed motor
Fig. 11 DC Motor for power window

6.2 . Fig. 11
(SPL) Fig. 12
800 Hz
) , (
)
)
(rib)
1)
DC ,
(brush) (commutator) (foam)
(cogging torque) . Fig. 13
, (amature) 0s~3s
, 4s~Ts

114 Transactions of the KSNVE, 24(2) : 108~116, 2014



Seonghyeon Kim et al; The Development and Application of Sound Quality Index for the Improving ...

=
z
g
=
=
£
=
=
Time [s]
(@) Original

Frequency [kHz|

Time [s]

(b) After improvement

Fig. 13 Improvement result for friction noise of high
frequency region, motor tonal and impact
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Table 3 Sound quality index after applied mod-

ification
Factor Differential value
Avg. SPL - 3.7dB
Avg. sharpness - 0.3acum
Index value + 1.8 score
. 2kHz 7s
Table 3
1.8
7.
@ :

) 1.5kHz
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