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ABSTRACT: Order spectrum analysis is widely used to grasp the features of noises due to powertrain system
including engine and intake/exhaust system. It is known from many previous researches that order components
related to the first and second firing frequencies of engine considerably affect the noise of car interior. The purpose
of'this paper is to find out the difference in sound quality: Pleasantness of car interior noise according to the change
of its order spectrum. For this, car interior noises of 6-cylinder and 4-cylinder engines are recorded and their order
spectrum levels are modified by applying adaptive digital filters. After subjective listening test employing paired
comparison method is conducted, it is investigated that the level change of half-order components is a noticeable
factor to improve Pleasantness of the car interior noises whereas level decrease of firing order does not always give
the positive effect on its sound quality.

Keywords: Car interior noise, Sound quality, Order spectrum, Pleasantness, Paired comparison method

PACS numbers: 43.50. Qp

LM B SORNE IS Wt 55 A £ AP
A LR F R ASUOE YR £
o

o 4
FE AR AR Zobell A 527 1HE 45| o (sound SRS Ol o]0 a1 Q] 7t el
quality based noise control)> A|3=2] A& AR W AER} oA Ae-S-0 2= (order analysis) S £
AB S FIA7IE R 2oR2 IS AL g 2 54o) sekE|, 124 W 23} HelFuls
o PEAATLA 8E T B (g ey 420] 2410 45 B
o101 &5, AHZ ZAR FEA LS HEWIA o) 2 gape 2ok sk, YA HIAB) 2A Lol A
9] A&do] 2 (sound quality)2 A A2 &

= 2] -
f Comresponding author: Shin Sung-Hwan (soulshin@kookmin.ac kr) ] 0}7 ] oﬂ = —llj‘ﬁ 0}—'_—’- EE} X]'}‘ﬂ?ﬂ' % 5 7]”_ H
Department of Automotive Engineering, 77 Jeongneung-ro, AL pAm E Y Bz} o|Ako] 3} Zu}

Seongbuk-gu, Seoul 136-702, KOREA
(Tel: 82-2-910-5743, Fax: 82-2-910-4839)

329



330 X133}, Takeo Hashimoto

30
2
&

o] Tefs]ofof e 17t
A AU 229 &
= ¢ o] w5l 1} 2 ApALLR
}, Pleasantness) 20| & 1} 31
stof 6 AdY W 4HHY 7HER
Hpassenger car)&] ZHd 7 452

A8 =33t} ;(]-/\/\.ﬂ EY

S 48t el E

27K) 6}04 Bes xﬂa@u}

'1
i)

C

Ol
b~ o},:r =
o o

©
ofr
)

oo

y r}ﬂ ox
rjr Mz
[ul

> r
6

4>
>4
o
[e)

oN

>
r
=
°,

(o] r__QJ
)
o
A
rir

A
ol
ol
ol
k]

oy i X &
B

» op
Wi

N
jj_’

T
N

_I>~1 J
op
Q'L

. R
Ji

o

_l

12

2 Boll 4 AR E oA 2 2 19 64T 71

21l 28 7| 2 2800 c0) 2 712 23 A mid-sized sedan)
913 44210 1SRN 200 0] 24
3 2802 9 2101 4] 2000 ol A] 4000 pm
A 20 7V 2R =2 EUt. S
o %8 AL A oMol AN Hulss
(dummy head)E- ©]-8-5}+31 T}

2l L ge) At AT o R 4}
ol S sl B S ARSIt 2
TEE S 24 L I 2t ol 4] A5
71431t

B 0) Wil w2 s 7re) Fjol 2 pferal
7] 9I5}o] =3 7Hsubjective listening test) ®H =
7 AHrA o g2 AMSEE a8 7h W (ranking
method) 21 48] .41 & 4 31k, 4w ol A=

Phe) kg0l 2018 A9, ¢, = LW ey

A3lal oo AEishs Bp o
2 Fig 13} 22 71z 2 73S A 2ks}o] 42805} 3ich

AH] W K o] A 3 712 Kjury or subject) 2] 87} A ¥t
7+E71 S e A REAE Sl fiske]
2 4] Al 4(coefficient of consistency, & AJAFS}HS
o}, &= ohga) o] o Hrk

o= 9Tt X] H|323 M4 (2013)

<) Hearing Test: Paired Comparison Method

Project name: PCM
Subject name: Shin

Cancel l

Number of sounds: 9

olololoate

Order:1/36 ™ First Sound

Play Sound I cCoco

I~ Second Sound

Back l Next |

Fig. 1. Software for subjective listening test employing
paired comparison method.
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Fig. 2. Effect of variation in levels of the half-order
components to Pleasantness.
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Fig. 3. Effect of variation in levels of the integer order
components excluding the firing order and its
harmonics to Pleasantness.
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Fig. 4. Effect of variation in level of firing order (C3)
component to Pleasantness.
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Fig. 5. Effect of variation in levels of the firing
harmonic order components (C6, C9, C12, C15) to
Pleasantness.
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