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Abstract : In this study, an analytical methodology was developed by considering the rattle phenomenon in automobile seats
during the early design stage to address a critical aspect of vehicle noise and other vibration issues. Its validity was verified
through correlation analysis with experimental data. The results were then analyzed based on quantitative figures by
considering emotional quality through Loudness N10 and other subjective evaluations. Changes in the main design factors of
the rail can reduce rattle noise, and the proposed design factors were shown as sensitive to rattle noise in the lateral and
vertical directions. The impact load showed a linear correlation with a coefficient of determination of 0.82 in the BSR
quantitative indicators for both the lateral and vertical directions. The proposed robust design criterion was then verified to
correspond to an impact load of 92 N.

Key words : Seat rail(A| E & Q), BSR(A5:4} 0], Sensitivity analysis(7 = 74), Finite element method(-3-3tR 4H),
Correlation analysis(A2E £-4)
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Fig. 1 Rattle test evaluation method



AE 2o 2iE s BIoHSY Jie A S AR A7

AN ]
NN Tm—ﬁ‘i“{ﬂ//‘l

\, N ¢ 8 sone
—_ | 4
60 + N\ "\ —pdsoe
N Ly=60phon | 5 cona~—~" .'
Ly a0 | \\ \“-'-f-.,____ 1 sone / f
\\ 40 \/ J
- \_____‘LH A-weighting // 1
: S s e
20 50 100 200 500 1k 2k 5k 10k 20kHz
fr
(a) Sone
Instationary Zwicker Loudness vs. Time
2 N10 Loudness 10.7 sones
i 10% of
s of events
: L N10 4 °
S ; exceed N10
Al AN
v !'l' T 1] T
=
E \ 90% of events lower
= jﬂ', than N10 Value
0
0 2 3 4 :
Time (seconds)

Sampling Rate is 345 samples per second--every 3 msec.

(b) Loudness N10

Fig. 2 Concept of Loudness

ZH|A 29-E1 2~(Zwicker Loudness)< Fig. 201 4] X
Zo] AlZbel mpe} AEo] T ASS Y FAe 54
I wpa7) g3E st A A JdAlEH I F44
Zegroll thalA] "AE Bk v o] Hojd A o= ¢
HA Atk Fig. 2(a)= 534 =41 7]9ke] (Sone)°l T
Sh 7 0 = 1 kHz 55 7155 40 <£(Phon) S 1 (¥)Sone 2.
52 A3 Aol o) AFukiAl 7t A o] = AT Fig. 2(b)= 2
9= (Loudness) N10°] thst 7l o= Xq”’*&ﬂk’q
90 %ooll #1218k wh& A=A A& %}

A EFA e @ 7k= A

oy

MO &9 G AF} A B 28 AF B AT
A~
T

27g Aol FURIE FPSA Lgol B 5
e gt Sk Bk el i S8k Fig 3

of vl

=} 437]-7\15{_ 2= 2 (Loudness) N10 7]
7.0 £=(Sone)o] A WF A H 7= AR 6.2~6.8 &=
(Sone) HLIA EF7to] A FEoH, 45 &
(Sone) ©]8}= Aol AT AFHERE QXS 4= ¢l
f§- 283k T = A E AT wEbA] 9] Zev Y

a° A 7|50 25= 4.5 E(Sone) ©]5ke] 7ol 9
Z o7 oStk

Complaint Transient
Rating Performance Im’l’el Disturbance Loudness Index level
(sone)
Not Noticeable Even
10 By Trained Auditor e ~34 ~12
Noticeable Only By _ _
d Trained Evaluators NONE 34-145 | 12 ~ 26 ‘
Noticeable By Critical . B
8 Customers 45~50 26~35
| Noticeable By All Traca T
7 Customers 50~54 35~ 40
Rated Disturbing By . B
6 Some Customers SOME 54 ~57 40 ~ 45
Rated Disturbing By Modaratd
5 All Customers 57 ~62 45 ~ 50
Rated as Intolerable
By Critical Customers 62~68 | 50 ~ 60 ‘
Rated as Intolerable
| By All Customers 68~79 | 60 ~ 75
Perceived as
2 | Potential Loss of Veh. 79~96 75 ~ 100
Function Saiste |
Perceived as _ _
' Potential Safety Issue 96 100

Fig. 3 Rattle noise standard according to subjective evaluation

2.2 HIzodE S S 7IE Bt 2 ©@ AS
HE & Gt

£ T Fig 4(a), ()2} 2ol eiEel ek 244
Gt S ke AE Zedat Apake] ool
S GMW 14011& 7|22 37} 3 F A E9] A5 t)
&) Bl A3} o] 7] 4] Sample #1, Sample #2+= 4l
2wt A EE o)1), Sample #3, Sample #4E AFAFE]
91, v AR ool Rk 7|3 Fa Tl M e
WAL A L] B9 ol Wabo] vt Fow A
AF DAY, ZARe] AEL ddo] AP 5
011:]— EH‘E— /\4:.0_ Fig 59} 71—0] ﬁzg/\} ,\]E ﬁgﬂolg]
- 22| B 4.5 E(Sone) ©l8kE WEekANE A}
A} AlE 2|92 6~7 ¥=(Sone) 4 == AlxbE] o] T3 3
7hll W2 W s 2 A 715 AN A= Ao

Hlako 7 =] Ru vl BAE Xk G AJE =
A AN E FA ol 8 ddsli= H3 91 59
ZA0 TAR A EQ] H|EHo] XujA] B e}
Yk v B B o] 9l 338 2= vl g
o7 Ydo = A3y} 37| ujia #de] 2S¢
st gle|o|H o} Il A ElEe] HAlE 4 e 21
S AT 5 Q) B IS SHAbe] Holo) FPord S
23t Fof FFolH, g MEo] Ay e E20)9)
A Adz= o] 7] Wil HE dFS 53 124
JNde] ) e PS5 s A BhHEL A o
AFRH HE 2ol e A S 7ty oz g

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No.9, 2025 705



Hyungsub Yook - Jongkweon Pyun - Jongjin Park - Jachyoen Nam - Dongkyou Park - Byungki Kim

Ry
Sample #1 Sample #3
*"IJ‘ L‘
(o
Sample #4
Sample #2

(a) Competitor seat sample (b) Experimental seat sample

Fig. 4 Comparison of seat frame

7 T
—8—Fore-AFT e
| |- -0 - Lateral e — 4

6 [ - Vertical < - 1
8 e e D el P e e e i e e e ]
@, TeeS=sLlIIIIT = -
S 4=
Z TR & 2
§ 3l Target line 1
g ¢
3
=2r

l =

0 | |
Samplet1 Sample#2 Sample#3 Samplet4

Fig. 5 Loudness N10 of each sample

1.
t

1t mode

|
=
O
2 mode

22.5Hz 23.6Hz
(FEA) (Test)

22.8Hz
(FEA)

22.7Hz
(Test)

23.6Hz 21.9Hz
(FEA) (Test)

21.7Hz 22.3Hz
(FEA) (Test)

]

(a) Competitor seat sample (b) Experimental seat sample

Fig. 6 Rattle noise standard according to subjective evaluation

2.3 2= Sio

od

714 o

FHL2WS W AE A5 P BA 2] 9
oA Wk A Be mE R4S Ao T o
2 %8 2 5 A, A @gol e e md
2 NS A B Qeas AH F4T 5 9

706 FHI2AS2BEHE =2 A33A A9E, 2025

1000

900 -

- - - - Experimental | |
800 |
700
600 -

500 ¢

Accel. [mm/sz]

400
300 N N B B
200 :

100

Frequency [Hz]

Fig. 7 Excitation profile

= a4 gl M asich A el A A e
A% NVH 814& Falste] BE3F 139] onlRe =
AbsEan 1 ) wet R A0 A 28] PR
FA T @A) ] RS 750) A% mEd] g
& Ao T4 ek 9ol Tl AL Sl P
ofck. whef 15 Aeo] 27] ZFol gliz HolA] A2
of 1¥Fo] WAFAA eEo] BT Bt oA 7]
+ 9 AH ke Z1(Pre-load)o] EAlakE A ol A
of G5 AN AA WEE L2 o|Z0] BoPsalt) B
W5 A el g4 Q5 AR BiEe
[Locke] A7, A5 o] 113, ©14719] Ro]
5% EA5) i) 7129 S WEE Fal oZo)
w5 of ek, whebi A= oboltie] 7]uke] HE S

Wy o) B asieh

N~

4 3teg 7Fel7] o vl A A} A ARzl
% X7 (Pre-load)s 2838t Ttk A4 A
718 9E AP S B8l Avs Ry en, 1=
ozt FAstTS TAsk] Sl fAH AR W
(Explicit Code)< ©]-8-3F 3145 a4 53Tt

HES Bgor F 9E 7k 7150 F
o oJ3l] W17} 00] WA 5ol ),
o]e1# A& WPH(Explicit Code)oll 2|8+ A|ZF o] A
o] 27L& Fig. 79 o] Aol A AMgH Fub EH<l
& WAfste] F4 sksat 3] ARS8 AL, A E ] 2HA] 3L
A NA A S 71 g A mdlle]l 4-8-3k3iTh

AlZE ZHA L o] A 2 E(Nyquist) F3krE 3Le] 5k
FFT ®8kA] 015 S e s agsiolon, gEo] o
FEE F-910 A e ARtsh glEe] A7)
ArIe R 3 HF stes T EHldlelA &

=

O



Development of Rattle Analysis and Evaluation Method of Automotive Seat Rail and Research on Rattle Sensitivity Factors

100 T T T T T

80
Rattle

60 [ 1

40

Contact force [N]

5 10 15 20 25 30 35 40 45 50
Frequency [Hz]

(a) Contact force by FFT

(b) Colormap of rattle noise

Fig. 8 Experimental results

Matglon], #de] T2 Fupg el A

-

Fig. 8l vFepsiich
H| Q1o A HaL )= OF

8(a)et 2ol
__ EHE x];i XJA

=l UlO ol
¥ r{o

l—ﬂ

e BV VR A A
Ui o BN 1o @

o). A5 W ol Fig 8(b)S) o] AlE T
718 37 T3k fAka 218 Hzol A Aol
9] 33 FAUT G oNE Wilss
53 5 Qlom, 15 52 144 A} 7wl
ol % 0] Bt A Q) S kAl Fe,

24 AE 9 RN U HYYUE A
i S E B Al A A 1l e

A olaha, A%k A s e nwE B

HEgleh GE A 15 AR Hd Aels)

Gom, setuE s o A% BE BAE 7o o

Qo] gejo] wAP) R Qolsigich AAske Belel R

o] gl A5 AESNA 5ol AstElol W%y A B

2e] 245zl A Aoz oZHon, wAg R

=
SER %i@ga%weﬁg%wwea

130 Slmullatlon —_—
—a—R=0
120 -0 - R=I H&?ﬂ @ ([
!
110 R ~
= 100 Roller edge R=0
= O -
Al A G ) me|®
g e g
g8 L7 T =
g 70 g Roller edge R=1
© 609
al o @&
0 - @ (7
il &‘ %
40 & &)
30 Roller edge R=2
Fore-ATF Lateral Vertical
(a) FEA
Experiment
7 —&8—R=0 " ey
-0-R=l @ @
—--%-=-R=2 M Ll \) (|
_6
2 oller edge R=0
2 Target line
== al
S5 /
A ( ./‘
B 0-----m T Bl -
24 TTe-q S
=T Roller edge R=1
o T T e
e |
‘ O \ ‘
2r J)
. Roller edge R=2
Fore-ATF Lateral Vertical
(b) Experiment

Fig. 9 BSR results with respect to roller parameter

@4‘ Fig. 9°ﬂ el &4
“"’ﬂi frashes Aol YErsk e

9-=1] 2~ (Loudness) N102] Ij|&l»
= Eoﬂ‘;}

_L_EL
o

= IS i EldelA
‘5‘33}&2@ 71&2] 2H|
2 Fig. 107} &
o] Eﬂo‘ d A 7]T47H°ﬂ/‘ oM =87z W

Asgon, wo dele £AUe NelE AR -

A== *‘—374151915}

| )
*JHOi Z”EOH Ad Zslzo] 7hAasilon, o]d
5319 Fig. 10(b)ollA] B5=o] BSR 4
© 2 Yelgtt glEHoly Eo F7F AA
A 75 T3t sAlol Bld el T4 0] 7IE 470
A Hol| A 871 A o2 Ak o] BSR 425-9]
Ao A5 Uk

At s o] i 242 AR slE A7) Slel

o Sy, o ML

N

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No.9, 2025 707



130 Simulation
—&— Symmetry rail
120 --©- - Asymmetry rail . ) .
110 J Lﬁ O ﬁ
100 = =
Symmetry rail

=

Contact force [N
®
S

2
S
v

606 - . ~
50 g
40 Asymmetry rail
30
Fore-ATF Lateral Vertical
(a) FEA
Experiment
7 —&— Symmetry rail
--©- - Asymmetry rail ‘r’ —
® e Lﬁ
- 4 il Q@ [P
g ) J - L J
iz Target line b e
o5 / Symmetry rail
Z  |mmmmmssseVesesasgdsnampnsa s
2
L4 =
= -
3 o- )
- 3 B _ = p
L D
-
2
A rail
Fore-ATF Lateral Vertical
(b) Experiment

Fig. 10 BSR results with respect to rail parameter

W2 dolH7E 875 7] wiel 2] A B
3l 71421 dloly =& Faatlrh Zd 9l A
BE e e NS A E HYs 7S AMS
Fa, A E Zee] F8 QA4S HAE
Als Fdsiglnh WA sedgsE
BSR 5/3¢l dhal A1 8k3lT). A3= Fig. 1100 e
°m, Fig. 11(a)= 34143, Fig. 11(b)= A A T}el}.
e diEs FEFo] TS 2x 7IE S THAA|
7]\ BSR 7|7} WrolA] = 7 gFo] Ul 53],
Z] Wgko] BSR A2 o5 840 g & W A] 45 &
(Sone) ©]3} FE O = wll-g- GEA] Ve T whebA] S =
gﬂ)\E ZF/‘}:_Q /\]E ﬁgﬂm %BSR-/] /\X] o]—é(‘!:oﬂ
7|48k vzt w9 S5 A gk
THA ZH A AW ok T T e o
o|E I Alo]o|| mlo]|Z 2 B AEle] Ao = 7
WAL E FEHEt] ARG5S Folal, Slo|E HA9] A
S AE dd oz At dde] 2 a2
4 st wxE T AT Aolsielnt A3 A3
A¥= Fig. 1200 vERTE 4 Qo] A WA
o5 Aye} sdsi TAstwol F4s3lal, BSR

28 3} G183 Asko] Lhebdth 4 a9l o] BSR A

ol
o lﬂ r”

ol
-

01
O
o,

—
=

ol
I

e
o

708 FHI2AS2BEHE =2 A33A A9E, 2025

23 - YA - 4EF - 290l

Simulation

—8— 1660 g
-0-1280g
-840 g ||

]
© 2
S S

Contact force [N
9
(=] (=]

[T
S S

40

30

Fore-ATF Lateral Vertical
(a) FEA
Experiment
7 —a—1660 g
--0- 1280 g[®
%840 g

6 mmem e m e =
)
= %
2 -
=5
Z | eesesrsyeeesamyspsysaga R LTS
2
S4
5 Target line
3
3

3

2
Fore-ATF Lateral Vertical

(b) Experiment

Fig. 11 BSR results with respect to head rest parameter
ZRE slo] = Frlel glo] B3 vaprle] 9] W
S F3E Qe B 5—6], TE2E ulo|
Jhol= Q] zpA| o] =5 wiake] A =
1 ”HTOﬂ 33 ake] BSRel &k 4 A

o 2 [d o &Y
—O.L’ < fo rlo

ﬁl
]o

r:iﬁ
X rE

5 % o 30
1o o9
LU
)

o &
+
4z

T A Torfr
o2 X o 3
)



AE 2o 2iE s BIoHSY Jie A S AR A7

Simulation

—=8&— Original
120 - -0 - Added pipe
--=%-=- Link bracket position change | |

— 100

®©
S

=
S

Contact force [N

40 1 Rear link bracket

30 5
Fore-ATF Lateral Vertical

(a) FEA

Experiment

7 —&— Original
- -0 - Added pipe
---%--- Link bracket position change

>

v
@

I

Loudness N10 [sone]

w

2t Rear link bracket

Fore-ATF Lateral Vertical
(b) Experiment

Fig. 12 BSR results with respect cushion frame parameter

130 r -
O Lateral
A Vertical
o | datal @
[=l=i
- A
g 110 R*=08235 '
g a)
] .
=100 A A
5 o
g B
‘= 90 \ .
g, Trend line
s A
80 G N
A"n B A
70 ¢
60

3 3.5 4 4.5 5 5.5 6 6.5 7
Simulation [N]

Fig. 13 Correlation of BSR data

2] 0 2 E 45 7(Sone)
°F 92 Nejl 35S o=
2 78S B8l A5

(LT
4w
%o,

oo

o

)

fu

£

kv

w
!
El"'m

s
e
ey
Nl
By
il
B~
oo
o,
N
)
2
%
)
ox,
H
X,
ko
ol P~
Ll

ot
N
i
iz
o
fru
X
)
ax
X
=
i
e
o
ol
ol
&2
[o5
- ‘1)‘
03(:,"
ol
38

o)
il
%
2
o,
o,
N
N
%
to
2
<
ol
ol
K
o
oft
S~
2
=

g‘lr‘
loflo 3@
oo
z 2
oy 1o > KU (o oft it mo XN fr (o N

S

o}mﬁE

18 o
ol
32
o
5,
)
2
to

S
Lo

i

o oX Ik
=2
=3
N
ol
ol
2

of I
Hd
2

=
9
2
M
2

N
)
>,
u)
tlo
>
o2

)

of

-
oo
2
£
ro

ol
-

o
>,

i)

32
2

°

-0,

wr (o s

)

I
Y

[
N
2

ot
o

oy
W
>

iih)
oxl
RN
>
% on

o0
[N}
Iy

&

yo x 19 10 g o

Z&

:Oé

)

R
o
ofh M g

ox Mo

= ox Mo
e 1x

ot
o
+
Og(zt‘
OO

Mr Boox o & 2 o B ok
=
~
%0

of

1%
| 0
32,
&
2
<
)
=)
rlo
)

T
2
(oo 2 [0 ¥ M ff

H
>

Og(::‘
i)
>
o O

(6 oZ R
e =

M o
yo, 12

% =

F—u :[O
o

2
BN

= o

=

o ® i
~
o
o%
e

-

e
N
L=
o

e
N
N
1z
il
2 ¢
N d (e}
Norg o

oo
[m
e o

O+
oE
>

©
=

Ly A
1
o
%

o
ol
ol
k]
by
ot
i)

(1)
1

N ld rlo

il
Y
o
it
2
© _@,
o
=
z
2 i, A
oo -z
ol

_O‘L
rlr
- L

ol o WY
I o

R )
il X k1
By

=
>
i
=
A
=
gll‘
i

X o o ol
oL
oL
Ry

]
o 2 o o
:<l>1£
i

ol
k1

2 >

-

it o lu
o

gt
o

z fu}
R
o 2,
[N
= o
o gz
i rlo

=
9

o

e oy 0
(o5

flo o|\

2
e
ko
i
tlo
£
1)
ol
ol
K
>
&
v

References

1) J. Maeng, S. Hong and J. Yang, ‘“Passengers

Emotional Evaluation Depending on Seat
Arrangement in an Autonomous Driving Simulator,”
Transactions of KSAE, Vol.30, No.3, pp.185-192,
2022.

2) G. Papaioannou, D. Ning, J. Jerrelind and L.
Drugge, “A K-Seat-Based PID Controller for
Active Seat Suspension to Enhance Motion
Comfort,” SAE International Journal of Connected
and Automated Vehicles, Vol.5, No.2, pp.189-199,
2022.

3) J. Cho, K. Kim, D. Choi, S. Kim, S. Bang and C.
Cho, “Development of Plastic Suspension System
for Automotive Seat,” Journal of Korea Academia-
Industrial Cooperation Society, Vol.12, No.3,

pp.1091-1097, 2011.

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No.9, 2025 709



4)

5)

6)

7)

8)

9)

Hyungsub Yook - Jongkweon Pyun - Jongjin Park - Jachyoen Nam - Dongkyou Park - Byungki Kim

H. Choi, J. Nam, J. Kang and J. Park, “Investigation
of the BSR Noise Characteristics in Seat Cushion-
Frame with Respect to Vibration Durability Test
Using Multi-Simulator,” Journal of the Korea
Academia-Industrial Cooperation Society, Vol.15,
No.8, pp.4776—4783, 2014.

S. Shin, C. Cheong and S. Jung, “Experimental
Evaluation of Buzz, Squeak and Rattle Noise of
Vehicle Doors and Its Prevention,” Transaction of
the KSNVE, Vol.17, No.12, pp.1217-1222, 2007.

S. Shin and C. Cheong, “Experimental Characterization
of Instrument Panel Buzz, Squeak and Rattle (BSR)
in a Vehicle,” Applied Acoustics, Vol.71, No.12,
pp-1162-1168, 2010.

S. Kim, J. Nam and D. Ko, “A Study on the
Prediction of BSR Noise Indicator in Automotive
Seats Using K-Fold Cross Validation and Deep
Neural Networks,” Transactions of KSAE, Vol.32,
No.1, pp.83-93, 2024.

J. Nam and J. Kang, “Friction-Induced Vibration by
Dust Effect,” Transaction of KSNVE, Vol.30, No.2,
pp.201-210, 2020.

N. Hoffmann, M. Fischer, R. Allgaier and L. Gaul,
“A Minimal Model for Studying Properties of the
Mode-Coupling Type Instability in Friction Induced
Oscillations,” Mechanics Research Communications,
Vol.29, No.4, pp.197-205, 2002.

710 =R2Z2138E =22 A3 A9SE, 2025

10)

11)

12)

13)

14)

15)

J. Kang, “Theoretical Model of Ball Joint Squeak,”
Journal of Sound and Vibration, Vol.330, No.22,
pp-5490-5499, 2011.

W. Serweta, A. Okolewski, B. Blazejczyk-Okolewska,
K. Czolczynski and T. Kapitaniak, “Lyapunov
Exponents of Impact Oscillators with Hertz’s and
Newton’s Contact Models,” International Journal of
Mechanical Sciences, Vol.89, pp.194-206, 2014.

W. Serweta, A. Okolewski, B. Blazejczyk-Okolewska,
K. Czolczynski and T. Kapitaniak, “Mirror Hysteresis
and Lyapunov Exponents of Impact Oscillator with
Symmetrical Soft Stops,” International Journal of
Mechanical Sciences, Vol.101, pp.89-98, 2015.

Y. Shin, H. Lee, J. Kim and S. Choi, “A Study on
CAE Technology for Establishing the Vehicle BSR
Virtual Development System,” KSME Spring
Conference Proceedings, pp.149—-150, 2022.

H. Lee, E. Kong, C. Hong and Y. Kim, “Study on
Rattle Noise Analysis of In-Vehicle Infotainment
System Considering Tolerance,” KSAE Spring
Conference Proceedings, p.670, 2020.

S. Kim, D. Ko, H. Lee, J. Nam and J. Lee, “A Study
on Design for BSR Noise Reduction Based on
Simulation of Vehicle Seat,” Transactions of KSAE,
Vol.31, No.3, pp.199-208, 2023.



	시트 레일의 래틀 해석 평가방법 개발 및 래틀 민감인자 연구
	Abstract
	1. 서론
	2. 본론
	3. 결론
	References


