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Relationship between Rustling Sounds
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Table 1. Characteristics of Specimens

! ! Thickness Weight )
Specimen Fiber Component Yam Type Construction mm gmd) Fabric Name
1 wool 100% staple twill 0.44 192.4 Worsted
. — {— T
2 wool 100% staple plain 0.46 232.4 Saxony
- — 1 — - —— ]
wool 75%
3 rayon 21% staple | plain 0.65 217.6  'Herringbone twill
polyester 5% } ) 1
wool 92% . :

4 silk 8% staple ] twill 0.27 149.5 ] Serge
e e e r . m—y— — s o Ti—’“’—u‘—“ B
5 wool 100% staple plain 0.68 405.2 ( Doeskin

I I W ; % I Do N -

6 wool 100% | staple | twill 0.53 2320 | Flannel
- . "W""""\f‘””*"‘—&‘f - - ]
7 wool 100% staple twill 0.62 244.3 : Gabardine

- R S S S - —
8 wool 100% stapie plain 0.28 | 1546 ! Tropical
S b B! —— — U . A
9 wool 100% staple plain 0.37 203.4 T’ ‘Hairline
- ° W L . M - |
acetate 53% . . | ; .
10 polyester 47% 1 staple plain B 07607“? 236.3 J Crepe fabric
1 polyester 100% . filament twill 0.57 2358 | /
- Lo U ] _ . R I R -
polyester 78% ! > . | ‘ !
P rayenzzn | PR G S B I
polyester 52% | . ! | !
13 acetate 48% staple plain | 0.64 | 2420 i // |
S (A } e . _ _
acetate 53% . .
B 14 polyester 47% nn stapleA 77777 t}N]ll EJ.48 MﬁfZ'lﬁ(?Q Satin
acetate H8%
15 polyester 41% filament plain 0.47 220.4 Stripe fabric
rayon 1% - o N |
acetate 71% . bri
16 polyester 29% ,_S_ta?le o rtvtnll 0.55 202.0 | Crepe fabric
17 polyester 100% filament twill 0.27 123.2 Peach skin
-~ UV S, - S—
18 polyester 100% staple twill 0.30 142.8 Peach skin
19 polyester 97% filament twill 0.63 273.0 Satin
polyurethane 3% : :
20 rayon 59% filament plain 0.47 142.4 Crepe fabric
polyester 41%
- ;
21 polyester 100% filament plain 0.58 223.4 1/
2 polyester 100% staple plain 0.48 141.1 //
I SN (O N — -—
P! polyester 100% J staple twill 0.43 261.7 Peach skin
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AT Specimen A

B: Specimen B
C: Air Cylinder
D! Valve

E: Load(500g)
F: Load(5kg)

G Movable Pipe
H: Microphone

Figure 1. Diagram of Sound Generator'”
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<+ dAsdcr vEEg vlelzgE S £slod DAT
Recorder(TEAC RD-145T)2 =-g3lgict =g
113.6dB and 1KHz® 454} Calibration data
¥ 9k 588 4ele FFT analyzer(Model
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25.600Hze} =7e g Fap BAS AAskge}

3. M9 Hats)
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‘b) AL and Af in sound spectrum
Figure 2. Sound Color Factors
(1) AL max. amplitude (dB2) - min.
amplitude(dB1)
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(2) Af : frequency at max. amplitude -
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F Fu ke zpe].
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{3) LPT : Level Pressure of Total Sound

w4} dB

BL, | BL,

LPT =10loglp ' "
BL : Broadband Level



Table 2. Physical

Parameters of KES-FB

Blocked Properties | Symbols Characteristics Value Unit System
EM Elongation at Maximum Load %
Tensile Properties LT Tensile linearity - KES-FBI
ensile Fropertt WT Tensile energy gf cm/em’
RT Resilience %
% —
. . B Bending rigidity gf em*/em ~
Bending Properties 2HB Hysterisis of bending moment gf cm¥/cm KES-FB2
T — 1
G Shear stiffness gf/ cmdegree
Shearing Properties 2HG Hysteresis of shear force at ¢=0.5 gf / cm KES-FB1
2HGS Hysteresis of shear force at =5 gf / cm
Compressional | LC Linearity of compression -
P p ertie WwC Compressional energy gf em/cm? KES-FB3
roperties RC Compressional resilience %
e e
MIU Coefficient of friction } - !
Surface Properties MMD Mean deviation of MIU ; - | KES-FB4
SMD | Geometrical roughness ! micron \
I A A
i ‘ i
Weight & i W | Weight per unit area | mg/cm‘ | Balance.
Thickness i T / Thickness at 0.5 gf/em® 1 mm KES-FB3
|
4. KES M HJ} 23%F9] FEHS 2ol axe x#EE 52T ¥

Al d3d AHE KES-FB (Kato Tech,
Ltd.Co) (1418 AMEshe] ZFAIZ2olA] AlS3)ed,
Table 2¢ AAJE v} ZFo] <l F9, At ¢4,
EEA 2 FAle) Fape] 685 ) 170 BAE
ZAslgdct.

5 SAHEY

Ao S8 ~dEY2RE AMEY SN <l
KESZ &A% Zeld AA zke] #AE ey 9
3tod BB A (Pearson’s Correlation) ¥4 2} whA|
2 3|9 (Stepwise Regression)®4-& AA5dt.
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20.000Hz8} 734 WS Holwl, 2 Faksol o
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o) XEE wolu, §te 71| tha vehdg & &
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2. FEE IEQ 4 ¢

#ES AT 23F xe|zve Ay AV
o4 29le] 7+ Table 3 MAlstddct A St
22 29t 71e] sjejal ALE 9.78~33.10dB2l 4
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Frequency (Hz)

Figure 3. Sound Spectra of Specimen
no.1-4

Table 3. Three Sound Color Factors of

Specimens

Specimen |1 GB) | af (Hz) | LPT (dB)

No. i
| 1
! 31 54 5936 52 57
2 20.63 4688 54.77
3 16.20 4416 47.36
4 26.89 5920 55.58
5 20.98| 19808 52 64
6 19.75 4032 54.10
7 21.31 4576 |  48.24
8 31.35 6816  48.13
9 26.32 4992 53 31
10 23 82 4960 53.53
11 29,67 4672 50.91
12 24 51 4448 44.45
13 91.61 4624 55 69
14 27.58 4496  42.97
15 33.08 4608 60.73
16 23.05 4512 51.09
17 24 81 6432|  49.05
18 33.10 5696 37.41
19 26.73 4672 57.09
20 20.68 4528 45.95
21 9.78 2912 51.20
29 25.00 4288 46.74
23 19.66 3856 | 4586
|

5.000Hz °l518 A7a19)e]

e 30~40dB7HA

Amplitude (dB)

0 10000 20000 30000

Frequency (Hz)

Figure 4. Sound Spectra of Specimen
no.5~8

Amplitude (dB)

|
i

0 10000 20000 30000

Frequency (Hz)

Figure 5. Sound Spectra of Specimen
no.9~12

#Axsht 10, OOOHz olite} Fappdol s 0dBeA 7t
7he e o9he wodd A obe FHA Fs47ke]
#polr} HAl=wle) 7)Q)atc)

Hgd HA Sl YRk o Fu 9] A
o]ql Af g2 -912~19808Hz2] HHE rol& 7
ok &= 9jr}. o]F ojR-Eel AJF7} 4 000Hz ke
£ ¥ol& whw AR no.5% 19808HzE 7MY ¥
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Table 4. Physical Properties of Specimens

Physic
31 Tensile Properties Bending Properties Shear Properties Compressional Properties Staface Properties Thidmess | Weight
o M LT | Wr RT B 2B G| H|HB IC | W RC { MU | WD ! S\D T W
1 6% | 06| 10! B3 008 0B | 0] 081 10| Q7| 00| BB 00| 006 | 09| 044 1924
? 66 | 083 | 1007 | QKB 00 0B | 0% 05 131 0% 017 &2 | 03| 08| 0% 08 YAV}
3 8O | 0B DU | 36l 006 0| 02| 07| 06| Q6| 0B &S| 051 000 | 21| 06 A7
4 80| 06| 137 | /6 04 00| 053] 0By 1] 0H] 0B | 64| 05 008 | 04| 0% 4%
5 9% | 08| BH| SH | M M 0% 2197 3161 0511 18! 4811 04! 08! 08! oR %)
6 108 | 0| B8 | 4R 008 0b | Q7 11| 18] 0B | 0B | 66 | OB 008 | 084! 0 YAV
7 R 00 1311 U 010 0| 00 OB 0] 0B 02| b | 0B 0B 13| R U8
3 A OB 92| 6 006 02 0%, 0b | 19 0P| 0] 6B | 07| o | 1H! 0B 1546
9 064 | 067 17721 5197 006 0R | 001 0671 131 0¥ 013 BB 0D 0| LB| 0F DA
10 88 | 00| 1713 1 48 on 006 0B 0B 1B 00| 03| €8 041 0031 0B 08 KAL)
1 oM B 397 | 3B 007 004 { 4] OB 147 0471 0211 20 | 08 00121 2021 oF BB
12 86| 0B | BR ! 44! 0w 0B | 0471 0B 15 ! 031 02y B[EO| 0377y 0012 B! 00 1907
13 921 0| 1% | 4% ! 014 B 0% 0B | LB 03] 03] 421 0% 08! 0m! o ! up
14 20 0 081 9B | 2w 006 0B | 00 ) L& 2] 01| 88| OB 04| 0D OB 20
5] By 0”79 4P 1Y) 0B OBy L9 2707 03] 00| 8% | 02 08| 00| 04 20
16 918 | 071 Kb | 46 0k 02 0] 04| 00| 0R| 02 BB 0P| 06| 1B 0B Liv))
17 48 | 0% ViSO )] 0m 0b 0M 131 30 00! 0B 4B 04 008 | 0U! 0% 123
18 80k T RBY 007 0b | 00 0B 18] 02 02 4L 0F! 041 0¥ 0 1428
19 B3| 08 DR OB 006 0| 0B 0B 12 081 05 &7 0! 0B ! 1BD! 0R 73
D TR0 13 4e [1113) 02 0% 02 0% 0] 07T 2% 02, 0wl 2% | o4 1424
ul 0 on 19N | &8 004 0 0 06t 0! 0B 0U | BB 0L 000 2651 0B 234
i 4R ‘ 0 8B | P 06 Q0L | OB 081 0% 031 o] £33 1 04! 006! 117! 08 1411
3 298 i 07 a9 BB (11 ‘ 0B | 68 289 42 0B 07| 2% | 04| 0081 031 0B Rl7
M means missing data due to excessive fabric thickness

5

400 no.k1‘5 no.13 50 no.19 no.17
o 30 4 o
T 20 f%
3 1o e
2 o 2
a3 . y no.14 a
1= . =
< -24 no.l6 <€
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-5 = I —
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Frequency (Hz)

Figure 6. Sound Spectra of Specimen

no.13

~16
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Figure 7. Sound Spectra of Specimen
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Table 5. Correlation Coefficients between Sound Color Factors and Physical
Properties
AL } Af ; LPT
EM -0.133 { ; 0.534°
LT e a | s0.414
wT A g 0.487°
BT e f L o7
B -0.118 | ] 0127
2HB -0.014 \ | -0.021
G 0.240 " i 0‘241
2HG -0.023 , ; 0 064
2HG5 0.147 l | olos7
LC ~-0.072 ‘ 0'160
wo ~0.220 5 L 0.2
RC -0.254 | 0283
MIU [ -0.388
MM 0088
SMD \ | -0.106
Ty | | 0.262
W ; [ 0.363

* means p<.05

** means p{.01
g vehisiEdl ol Figure 401 AAES0] A
5 no.5el &% ~fEHAN AT 22 9
5000Hz clgte] AFaleoiod, 7bd g2 IUdL
20.000Hz %o} gl veh}r) o Folr),
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o] Figure 84 <& 4= 9l5o] A& no.21 o] t}&
aet ") gste) Ryot pey guksln Ha 29t

o merak ool 26 S<to] AT sl S5
3171 whole.
T LPTY 32 37.41~60.73dB%) %% &

°]il ek el Aol ] digtselel sigshe A8
o} Z71(13) 24 AFnRe dgshe 2elvh 179
dell viAle e dabar 5 g oivlsha gl
FFdol 7H 2 A&E no 1524 Figure 6141 &
T Sl%0] o F AR ull AFabe gt ol 13
Frdelld e vl Ee 29k 4AF T 9l o
T Uk LPT ol 7F8 B8 A8 & no. 1824 A
T2 Aelgt A Fosdle) AA 2 AREN
o} o8 e g9t X¥E Jehis glo)
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TEE NEQ SN S HR79 2

KES®) 2s] #3438 A5 428 Table 40l A
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Figure 8. Sound Spectra of Specimen
no.21~23
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Table 6. Stepwise Regression Analysis Results

Predictor ‘T |
Dependent| Variables | 2 . .
Variables | (in order R B R Regression Equation
entered)
AL wC 0.502 | -41.796 | 6.743* | 0.252 AL = -41.796WC +31.236
— B 4
Af T 0.513 1-6119.590 1 7.143* | 0.263 Af = -6119.590T + 7590 .966
EM 0.840 |
MIU _ 1 -42.404 115.619%} LPT = 0.840EM - 42.404MIU
LPT Re | O88T | g5 |- | 0788 - 0.335RC - 40 215LT
LT -40.215 \ {
| \

*

means p{.05

* %

means p{.01

gt RTE Q13 W3] oigh
RT7} 2408 ALgte]l 22 o 5 ot ol 13 ¥y
% 3Byo] Z45 $34e 2}01/} 25 ofuishk=d,

2o} AZ mpREWA thag) lzhyge] dopd
ololl it BBl & A& °‘J_1~% Fabed 24be] 3
o7} A Avle Ao dMg 5 9eh

Afe AP (G)eF Ake]lH (2HG, 2HGH) . 345
AR (W) FACW)oF Zh2h fred=lgl A sl
AE Yehigin) ol Hnhiako 29} Wl gtk 3
glo] Zp HVH)E= Awer} od, PIzle] & HE
Qa2 A7} ARG uishsdl & AFardY 2
gate] w)sled #HA o9tY) Fulps R 5%
= 9l

LPTE
(WT) 2=
(LT) ¥ 24e] 24 44 E
2o} qizhw o] foldrE A&
2717y AR eulgct

AL} AF, LPTe} 177 2213 A4 7te] 34 =
A 37 (Stepwise Regression) ¥4l ol&f 32
Astolct. ALel disias gbEeldx|(WC) o] 37
Alof] AeEE Aoz vebdtiR =0.252, p(.05).
Afol] AaliAle EA(T) o] 3|4 Azl 7o
UehdehR2=0.263, p<.05). ALS} Afel t3}ed A&
o] 2ajA Aol Admye] arpr 1] W& e
nol KES systemol 213t B4 ool AL9} AfE 4
& 4 o)l Zald AL Fwield AR walv)
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foldal AR ARRAG, W 44
vpepisich, ol
PO EER

LPTel diside #dalsa A4 (EM)Z Ewie)
abAS(MIU), $E3E4(RC), 9 A84(LT)
b HEder AN THE Aoz e
(R?=0.786. p(.01). A7kx] &4 29l Z LPTel o

& Ae BAe dude] R?=0.786°22 7H ¥8%
of 4 glch, 2 7ol Aele] dig 5 LPTe A2
24 EM® MIU, RC. LTel tis} 2 494 + 3l
omf o) Ewlel shPbAS(MIU)S dFHel 7h4
2 e s 5 sl
v. 8 8

Aol FES AEe WFeR Age] 27
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Relationship between Rustling Sounds
and Physical Properties of Suiting Fabrics
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Abstract This study was carried out to quantify the sound color of rustling
sound of suiting fabrics and investigate the relationship between sound color
factors and physical properties of suiting fabrics. 23 fabrics for suiting selected as
specimens. Fabric sounds generated by sound generator designed for this study
were recorded and analysed through FFT analysis into sound spectrum. Three
sound color factors. AL. Af. LPT were calculated from forms of sound spectrum of
each fabric. Physical properties of fabrics were measured by KES system
Relationship between sound color factors and physical properties of fabrics
analysed by use of correlation coefficients and stepwise regression. Af showed
mainly significant correlation with physical properties(LT, G. 2HG, 2HG5 WC.W)
and LPT were revealed to be explained by EM, MIU. RC, LT
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