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Characteristics of Rustling Sound of Laminated Fabric Utilizing Nano-web

Tae-Young Jeong, Eu-Gene Lee, Seung-Sin Lee, and Gil-Soo Cho'
Dept. of Clothing & Textiles, Yonsei University; Seoul, Korea

Abstract : This study examines the rustling sound characteristics of electrospun nanofiber web laminates according to
layer structures. This study assesses mechanical properties and frictional sounds (such as SPL); in addition, Zwicker’s
psychoacoustic parameters (such as Loudness (Z), Sharpness (Z), Roughness (Z), and Fluctuation strength (Z)) were cal-
culated using the Sound Quality Program (ver.3.2, B&K, Denmark). The result determined how to control these char-
acteristics and minimize rustling sounds. A total of 3 specimens’ frictional sound (generated at 0.63 m/s) was recorded
using a Simulator for Frictional Sound of Fabrics (Korea Patent No. 10-2008-0105524) and SPLs were analyzed with a Fast
Fourier Transformation (FFT). The mechanical properties of fabrics were measured with a KES-FB system. The SPL
value of the sound spectrum showed 6.84~58.47dB at 0~17,500Hz. The SPL value was 61.2dB for the 2-layer PU nanofi-
ber web laminates layered on densely woven PET(C1) and was the highest at 65.1dB for the 3-layer PU nanofiber web
laminates (C3). Based on SPSS 18.0, it was shown that there is a correlation between mechanical properties and psy-
choacoustic characteristics. Tensile properties (LT), weight (T), and bending properties (2HB) showed a high correlation
with psychoacoustic characteristics. Tensile linearity (LT) with Loudness (Z) showed a negative correlation coefficient;
however, weight (T) with Sharpness (Z) and Roughness (Z), and bending hysteresis (2HB) with Roughness (Z) indicated

positive correlation coefficients, respectively.
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2 PPN = JES PIXEZ(Lee et al, 2012b), B4 2 L AgslgdS W, 71¥ PU Yoy}t PTFE H|ujo|E 3
918k thoFst AT A= EJE}(Chung et al., 2003). Eol| vl wuglo] gty fdsly 8 "E /e A
T 45 A FEHYT 7T T8 A ZHe=E <l o2 Mo, 7153 e WIH S BT A=
g 70dB ©]/de] whEkgo] WAisr] UHTOH 3R =2 B NE2E FFETAAIZe 871548 UEh
7S Aohf71= ethiLee et al, 2012a). ©]oll Yang et al. e 718 g AE Hagye &gE Ha
(2008by> FFkr Ao wpagd) o8k A 7ol A slat7] 918 A7IEAReE PU-=SE) AR B A&
< B8 FHdr AEY vhEES HANE F e AEY ?l PTFE ZHUIe|E A& 4glE H|w¥ 7 9 (Cho &
A A 9 HH 7EE ARMHAT Lee et al Cho, 20127} BAHATE. 74 B FA7ZE 27] ohE 359
(20122)2] AN E TIEAQA FFU5 AEQ] PTFE Z& PTFE Hd|o|E A&} S d= 2 7]3}1%01 e 359
giuujoly 2E0] 4233 EAS Yol npEEe & eAlh 9 gedlo]E A& S S48t S-S
Asle Qe 26 A A7E B3 A S S FHazlet A2 FFET AAE S 9 gedlo]Ee
AFE B A el B8 7| 2A8E ARSI AL 754 AABIATHCho & Cho, 2012). ©] ATE
WeAdfe Aol oA i vienge] B3 25 PTFE ZH[Ulo]E A&} tieidf §) ghrulolE A E9] npzt
Al AR, A4, RN, AR, A1, A7 25 Pl Brste] Fee wiEkgo] 7P 22 FEE A
AP 5 Ok el o) AlzEd. 2l Bl 7k A eidf 9 o) EE g vlo] 3A 7)o siiond,
3 FHoE YARE A 5 sl A7ARHC] o] A Al 9 2ol E Aol tigh 454 A o]Foi|
|EI Utk A7 EA) G e 8-8Eo] st A Bt
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WAl 12 aEAte] FRell wet U‘r‘*ﬂ IH 2 24E Aok dk=tl(Lee & Lee, 2011) ©] w, 7|¥ka=e] 54 9
UERE v 22 71FER ol aF3E 7K e HS 2] AJol7t HEe] ridgdl S 712 AoR AR
W WS ®9E, 2ue, 2EelRRe 548 Zeth(Lee et Hrt. ol & Aolxie LT ) 2eE 7 i 9
al., 2012¢). ghlolE o] Zuk A2 gl AF Pz Aolg FAS
FEEE aAEA A7 Al 1o A8 T Ae o, 7Nk E B A3t A epEs ZAe 9%E &
A A7 (Kang et al, 20074 = Wiy 19 =& F ofR A} B3It o1& FE el ) FrlolE o] A
T4 TR, B2 7lwe] ERlEe], SR e A0l SRS s e 20E Aska AedeE e
H‘Q-‘JDP:* 71 SAHG 2] S FFET AR HAe F= FHdT A NS A% VAR A

AABIAoH, Vel ) A2 o] ofst ST

7 E@% 243 A7 (Youn & Lee, 2010)004E il

Table 1. Fabric structure and characteristics of electrospun nanofiber web laminates

Specimen  Structure Substrate Weight (g/mz)Thickness (mm) Fabric laminating construction

Densely woven PU nanofiber web

¢l 2layer polyester fabric® 979 0.19 Densely woven PET
PU nanofiber web

2 2 Pol fabric® 120. 21
C ayer olyester fabric 0.0 0 Regular PET fabric
. Nylon tricot
Pol fabric Nyl
€3 3dayer obester fabrictNylon oo 0.46 PU nanofiber web

tricot’

Regular PET fabric

#100% Polyester,draw textured, 50 d/72f (warp), 65 d/204f (filling), dobbyweave, fabric weight 88.4 g/mz, thickness 0.17 mm, fabric count 160x150/inch,
*100% Polyester, draw textured, 63 d/58f (warp), 68 @/108f (filling), plain weave, fabric weight 109 g/mz, thickness 0.15 mm, fabric count 93x93/inch,

°100% Nylon tricot, fabric weight 69 g/mz, thickness 0.25 mm, fabric count 42x84/inch,
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oo

21. A=

E A7l AREE AlEE ZNE AE 2 A5 o) 2ol
% 3%¢] Z2]9-d % Polyurethane, PU) W=Al5 € 2hjuo]
E 2A12A, F 52g/m™e] §] WEE A7EALS tiEak U
AH 1S 9] PARRNE Aol o]F 7N Ee] g

galglon, ol 7Nt A& 2 Fxo| 2jolE Fof A}
ZHE AlEx PU Uil 18 3= Eol2H
2 A gjolgd ACF, Luk S AHE FEo
2o’ gk 2 (C2), 22]al ARt Zejo2H 2 AEd) JdE
Eg 3 3-layer2 FHdlol®] & Z(C3) F 3F°]™, mesh
roller®} hot-melt PU FH2HA|7} gujvjo]’ol] AL&-ESt}. Table
1o] £ Aol AR il 9 SedlolE Ao 74
Z73 2AEE YePptk(Youn & Lee, 2010; Lee et al,
2012¢).

22 XE OE3e 55
Ago] rpEES WA S8 FEE AR T AS
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Hlglel o] F @ AL AN o] TYA7T, e
zZ

r FN

Fe A5e] ol Fot IAHAA AFe A3t Ho] mirA
3 %, dFol o, FIE sk npEd o dske &F
E 23 o W, AE AE HA A717] 93l
Simulator for Frictional Sound of Fabric(Korea Patent No.
10-2008-0105524, 2008)(Fig. 1)& AME3IAoH, 48] 555
93 F3F24 (Loudness of background noise =10 dB)°|A
A Eo] 23= AHORRE 1.5cm ozl A 34% Bt
o|AEE(Type 4190, B&K, Denmark)S AA]3131t}. o] wlo]
A2 ZS Pulse System(Type 7700, B&K)S ©]&3te] 95 dB,
1 kHz2] Z791A calibration dataE AT} o]} o] FHIE
3 F A5 nhERS He 063 mse] FEZ 3027 53]
of so]2 S Ak A3 SAE Q8 33Y 53
t(Jin, 2012).
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2.3.1. Fast Fourier Transform %]
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Software program of simulator
for frictional sound of fabric

Fig. 1. Simulator for frictional sound of fabrics.

7t ANlge] =2H" 4]+ Sound Quality Program(ver. 3.2,
B&K, Denmark)S- ©|-&3}0] wave file2 8512, 0~17,500 Hz
o] Sl QoA FFT(Fast Fourier Transformation) ¥4 22
ZHERS At

232. 5907 St weee] SR EEH 48 B4 14)

1) 2% : (SPL: sound pressure level)

zh Aze] B84 2 719 F59E vlaah] flete] o
= 22 2ol 2s) ARteiTt.

BLl, Bln

SPL(dB) = 10log10 " 10

BL: broadband sound level at each frequency

N: fmax/Af

2) AEEFeE 54 2

Zwicker(1990)7F Atk A2]538H vl2v|ElQl Loudness
(Z), Sharpness(Z), Roughness(Z), Fluctuation strength(Z)E 7
A5}7) 98 AL AL ofele} 2.

1z

Loudness(Z) = ZizioN'(i)Azi sone (1)
AZ; = 1bark
N' : specific loudness
f4N'(z)g(z)zdz
Sharpness(Z) = 0.1 114—acum 2)
ﬁ N'(z)dz

N: total loudness

N'(z): loudness of bark band
g(z): zwicker’s weighting function
g(2) = 1(if z<16)

g(z) = exp(a(z-16))(if z> 16)

z = bark

a=12 In(2)

Roughness(Z) = Z?4R'(z) asper 3)
R'(z) = 0.0003fmod(z)ALE(z)Az asper

ALE = 20log(N'(1)/N'(99))

Fnoa: modulation frequency

Fluctuation strength(Z) = 2_24F'(z) vacil “)

F(z) = 2L0328L@) o)

n::d + 4fmod

AL: 20log(N'(1)/N'(99))

Fnoq: modulation frequency

24. AEPY Sdo| £

B ]
U §) SedlolE A5 oA e KES-



FB(Kawabata Evaluation System for Fabric, Kato Tech Co.,
Ltd, Japan)Z ARZslel 24 - vlwalgoen, o 73, Ad
B, 4=, T 2 FAY 67EA] B4l tis & 17@%,1 =

25 20(£2)°C, HUHEE 65(+2)%2] =
x 24 = cH(Youn & Lee, 2010).
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thed ) guldlolE amle] e 543t eed
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sHd EXS =3 98 3]AEALS AAEAT
3. Znt o n#

3.1. FFTe| 54

A& 3% 222 FFT Wl o8 Fuke o) o9t u}
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Fig. 20 AAEIATE A 82| mpEgol] gk AHEHS] 902

0~17,500 Hz2] -3} HEolA 6.84~58.47 dBS] WIS B
th 7ol tE B AE0 wpae-g 4T A9d
T(Yang et al., 2008byE F3l AFTdleA ZHUjolE A&
o] &7t 71 Ew}w Ag & & AT ol & Aol
AHEE AEZE BT grdo]E AEo|7] wfiZe] M
(Yang et al, 2008b)9]- 7ol AFapfelA wiEkgo] 7 &

Sl

Zo 4T F Ao, g B3 AT oy

0~5,000 Hz AfolollA] ~FEY d]=7} WIs] yebas 2i9ls
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1,000 Hz-4,000 HZAFo0]7] mjEo] 7} 2o ERe] ma5e &
g9 54 ABAES F0=E Amdr. g ol dPA+
(Yang et al., 2008b)2] EHd|o]|E Z&o] it 29 J48
el Zide g el Wt ol gAl et As &
A+ AUt
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70 dBZ 4eiA O ™(Lee et al, 2012a), Yang et al.(2008a)
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Fig. 2. Sound spectra of the electrospun nanofiber web laminates.
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Fig. 3. SPL of the electrospun nanofiber web laminates.
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Fig. 4. Loudness(Z) of the electrospun nanofiber web laminates.
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Fig. 5. Sharpness(Z) of the electrospun nanofiber web laminates.
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Fig. 6. Roughness(Z)of the electrospun nanofiber web laminates.
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Fig. 11. Surface properties of electrospun nanofiber web laminates.
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Table 2. Correlation between sound characteristics and mechanical
properties of electrospun nanofiber web laminates

Sound characteristics

Loudness Sharpness Roughness Fluctuation

SPL ) @) (Z)  Strength(Z)

EM -537 -896  -990 979 _733
LT -888 -998*  -926 -949 -976
WT -760 -987  -988 -996 -900
RT -909 -561  -273 -336 774

B 761 987 987 996 901
2MB 717 975 996 1.000%* 870

G -780 -342  -029 -095 -596
~2HG 216 691 883 850 456
“gfgg:ftllzl 2HGS 265 727 906 876 501
MIU -992 -912  -737 -781 -991
MMD -995 -663 -394 -454 -849
SMD 233 703 891 859 471
LC 576 916 996 987 764
WC 534 895 990 978 731
RC 601 099  -219 -153 379

T 700 969  .998*  1.000%* 858
w770 989 985 994 907

*p < .05, **p< 01

A 58 A FE T 53 JAFHAIECDS
Loudness(Z)} -4 (-yd# SAS BIEd ol % 271 A
ZAgge] AL AEAFE vpahgo] AlLHA AAES ofnet
t}. Sharpness(Z)2] 7% FA( A (+) FHAAE Ko
FAZE FAL AEASE GRS AR AAES & F A
Atk FolH2HB)H F7(Ty= 71471 (Roughness(Z))%t
A+ ABHAE Bon, olF B3 EgX3el o A&
o] #3lo] oL FAVt FAL AELFE LF|7F AZA A
€S & 5 ATk
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(Fig. 14, Fig. 15). ¥, FA(T)9} F3olg(2HB)S & &
#4391 Sharpness(Z)2} Roughness(Z)oll A4 #AIE R, FA
(TYF §ASFE IS iﬂi H38lo]8 (2HB) #o] &
F AR AR 2ARS & F AT Fig. 16, Flg 17)

A8 AT (Yang & Cho, 2009)011 waH
HetA =717] AAehs S SOdBO]D}. olE
3|74l sk, 93H ;‘“0 nREARe] BT
7F 01296 = 7w, A=) vEE F
(SPL)°] 50dBYS & &= St}

A2l edets A715 AW, 1soned 1,000 HzolA &<t
Fdo] 40 dBSl F20lM e FHE Ag Z7]9 FoE,
Z8-3F Wote] 317S8-0] oF | sonedl| Pl AOoE B
3 ) om(Schiffman, 1976), 2sone~5sone FE+ A2kt
i3} 4ol sdEct. o|= Fig. 152 372l tidshd, 9
8_}141 %’HO] ?_]X]—/v]“&]k](LT)o] 0.8460 Z+& 712 EH ;q%/]
28 54 % Loudness(Z)7} 5sonedS & 4= Ut}

23 op|9] IR Eo] ¢F 0.5acum~2.0acume "% (Goad,
1991)°) 22, Fig. 162] 3ol thdshd, dg5k8 549 F

7(T) kel 0.0384mmE 718 o), HE %8 B4 F
Sharpness(Z)7} 2.0 acumY-S & = ot HEg A3y
AR71E AHRHE, Fig. 179 3|HA4d mat 98y 54991
2HB7} 0.0553 gfem/emE 7HA o, A= &g B4 F
Roughness(Z)= 2.8 asperd S & 5 St

mEpA Ui 9 eldlols adle] Ae) 543 ok

zrd Asel wel, whAAse] EUS

Fig. 149]
FHUAHMMD)
el o9t

of

E4¢ 39 o
. P ob§ewed
c2 — linear
C1
60001
jas)
=
—
o
Y o]
oo AN
¥ T T T T T
0.0000 0.0300 0.0600 0.0000 0.1200 01500
MAID(-)

SPL=-129.508  MAID + 66.738.R*=0.912
Fig. 14. Regression model and threshold between MMD and and SPL.
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» observed
— linear

9.00-

Loudness(sone)

T
0.7500 0.8000 0.8500 0.9000 0.9500

LT(-)
Loudness = -65.320 * LT + 60.262. R?=0.995

Fig. 15. Regression model and threshold between LT and Loudness(Z).

2614
o observed

25 — linear

255+

Sharpness(acum)

.V, FRY AP TRy TR P
T{mm)
Sharpness= 0.495* T + 2.381. R*=0.995

Fig. 16. Regression model and threshold between T and Sharpness(Z).

.60 <
° observed
— linear
=
T 3,40+
2
)
o
=
2]
2 o
oL
=
o
oz 3.00-
cz
280 !
/E
T L
0.0000 OIOG) 0‘5@ 0.2000

21 [B{gf-cm/em)
Roughness = 6.434 * 2ZHB + 2.444. R’=0.999

Fig. 17. Regression model and threshold between 2HB and Roughness(Z).
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