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Abstract

The objectives of this study were to investigate the psychoacoustic properties of PTFE(Poly tetra Fluoroethylene)
laminated vapor permeable water repellent fabrics which are frequently used for sportswear, to examine the
relationship among fabrics’ basic characteristics, mechanical properties and the psychoacoustic properties, and finally
to propose the predicting model to minimize the psychoacoustic fabric sound. A total of 8 specimens’ frictional
sound were recorded and Zwicker’s psychoacoustic parameters such as loudness(Z), sharpness(Z), roughness(Z), and
fluctuation strength(Z) were calculated using the Sound Quality Program. Mechanical properties of specimens were
measured by KES-FB system. Loudness(Z) of specimen D-1 was the highest, which means the rustling sound of
the specimen D-1 was the most noisy. Statistically significant difference among film type was observed only in
loudness(Z) for fabric sound. Based on ANOVA and post-hoc test, specimens were classified into less loud PTFE
film group (groupl) and loud PTFE film group (groupll). Loudness(Z) was higher when staple yarn was used
compared when filament yarn was used. According to the correlation between the mechanical properties of fabrics
and loudness(Z) in groupl, the shear properties, compression properties and weight showed positive correlation with
loudness(Z). According to the regression equation predicting loudness(Z) of groupl, the layer variable was chosen. In
groupll, variables explaining the loudness(Z) were yarn types and shear hysteresis(2HGS).
Keywords : PTFE film, vapor permeable water repellent fabrics, fabric frictional sound, Zwicker's psychoacoustic

parameters, mechanical properties
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Table 1. Characteristic of Specimens

Fabric Thickness of fiber ¥ T Fabric
arn e . .
PTFE Specim Composition (denier) E Construction ~ Fabric Count Thlcknew cight (mg/
Type ens LLeser 1st 3rd Ist layer 3rd st layer 3.4 1st 3rd (Warp mz)
s : T : s " X Weft/inch) (mm)
layer layer Warp Weft layer Warp Weft layer layer layer
A A-1 2 P - .12 1.09 - F F - Plain - 110x96 0.21 11.5
A-2 2 P - 1.09 1.05 - F F - Plain - 128x74 022 12.2
B B-1 2 P - 1.19 1.08 - F F - Twill - 94x50 0.31 14.5
B-2 3 P N6.6 1.13 1.16 3.05 F F F  Twill Tricot 128x36 0.48 18.0
c C-1 3 N6 N6.6 426 433 349 F F F  Plain Tricot 163x163 0.25 7.5
C-2 3 N6 N6 .16 12 305 F F F  Plain Tricot 168x120 0.29 10.9
P80/ . .
D-1 Ne6.6 218 3.17 3.23 F S F  Plain Tricot 128x80 0.42 19.0
D R20
D-2 3 N6.6 N6.6 1.15 1.14 3.04 F F F  Plain Tricot 176x76 0.42 19.5

P: Polyester, N: Nylon, R: Rayon, F:

Figure 1.

Filament, S: Staple

Simulator for Frictional Sound of Fabrics (Patent,
No. 10-2008-0105524, 2008)

Table 2. Frictional speeds and time by motion analysis

.. .. Non-
Frictional | Frictional .
. frictional
speed time )
time
(m/s) (sec)
(sec)
Direc | Front—Back 0.64 0.19 0.19
tion | Back—Front 0.62 0.19 0.22
2. & ¥
1. A=
B Q7o) ALgE A RE 4714 Ehele] PIFE 28
o] glujulel® ¥l GORETEXAte] FHws AER

PTFE Z & ¥ 2 2} 254 & 8Fo|th A me &
41L& Table 1. ¥ 2t}

22. &= ot 39 53

ZHgko]  wRAEER] ¢k gk (anechoic  room,
background noise 20dB)ol| A A &4 A x|l
Simulator for Frictional Sound of Fabrics(Patent,
No. 10-2008-0105524)(Figure 1)& ©]&3lo] &S
FEu AL, B Y AT wlelARE
(Type 4190, B&K)# Sound Quality System(Type
7698, B&K)< ol&3ato] =H5stsitt 43k 5%
ﬂOH 437 QhE =58Qln) ojuf A& mp

< Table 2. o] AAg &9} A7t R AES W
Al AT

-

FN o
e AL o

(loudness), €7}=-8(sharpness), 712 7](roughness),
%7} = (fluctuation strength) 52 1eksh Zchker(1990)
o] Ale&asts ®dlo] 9JtH(Table 3).

Zwicker9] 32} E]:= Sound Quality Program
(Type 7698, BRK)C.2 ofgjs} 7+ 52412 3] 7|
KIS
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als

Loudness(Z)

= ;N'(:’lﬁzi sone 1)

where Az; =1 bark and N' = specific loudness

Sharpness(Z)
[2N'(Dgl2) @)
= 0.11 r—acum
5 N'(z) dz
_ 1 forz = 16
where g(z) = [n.naﬁe'-‘-l-"u forz > 16]
Roughness(Z)
= Z R'(z) asper (3)
Fluctuation strength(Z)
24
= Z F'(2) vacil n
e F = 0.032AL(z) et
where FlE) = r D A Y )

AL = 20 log(N'(1)/N'(99)),

and fi,,q = modulation frequency

Table 3. Definition of Zwicker's parameters

Parameters Unit Descriptions

A measure of the effect of the
energy content of sound on the
Loudness(z) | Sone ear. One sone is a loudness
equivalent to a 1 kHz tone

presented at 40 dB.

A measure of the high frequency
content of a sound. One acum is a
Sharpness(z) | Acum | narrow band noise one-critical band
wide at a center frequency of 1

kHz having a level of 60 dB.

Criteria to identify the perturbing
effect of mid-frequency (20~300
Hz) modulation. One asper is

Roughness(z) | Asper defined as the roughness
produced by a 1 kHz tone of 60
dB which is 100% amplitude

modulated at 70 Hz.

The sound models for modulation
frequencies perceived to be less
than 20 Hz. One vacil is defined
Vacil as the fluctuation strength
produced by a 1 kHz tone of 60
dB which is 100% amplitude
modulated at 4 Hz.

Fluctuation

strength(z)

5
gl wA&= F
J0 B

AT A= KES-FB system (Kato Tech, Ltd,
Japan)(Kawabata 1980)& Al&3le] Alg2] A4
A, A 4= 291 2 FAC FA 5 671 ol
st 177H4 93t Ads S48 24382 &%
FA& Z7(Matsudaira, Kawabata & Niwa, 1985)
shol A A A= AT

M
A

2.5. &4

HI

Az AL SPSS FA d71A(Ver. 12.0)9}F
SAS FA H71A(Ver. 9.1.3)5 o] &3le] Eakra
(ANOVA), A+% AA, Pearson A#EA o5 39
A4S AAlsET

B Ad] £33 A8V HA& %AL—%, PTFE—’JEE}O‘ D
o] &3 AlRE°] HUgS 7M. APAFoA d
Hl 2 59 *ﬂ =717} 0.21sone~3.76sone®] %<

Zgd2HE2 A& A7|7}
8.2sone~11.2sone (Kim C. al., 2003), HAE<2] =7]
7} 1.8sone~2.8sone?| < 713 o2 2 (Z1, 2006),
PTFE Z& #hr|vlol® T A& dybAel 4
B3 vastke] 4 ¢ 2 AR JIAES & 5 3
oh Al Sakstd It 22 1.67acum~1.96acum ¥
9] gs 7HHh o= H3 o] IR BE]
oF 0.5acum~ 2.0acum(Goad, 1991) 1.t} t] &7}57l
=AAE ghelth Al aFshA A A 7] 3.14asper ~



5.14asper Atole] gts 7HAth Mg ATolA] Ee]d S neste] npEgs SN2 A T2
2H 2+ ¢F 1.7asper~2.0asperd #< 7HH 1 (Kim S 3= AT 22 vpESS B4 Y wie wpz
C. et al,, 2003), HA &2 <F 0.5asper~0.7aspere] #t So] FAHoR HA ¢ HIlFA “AAE e
S 7HRTHEST, 2006). weEbA PTFE & 2hod| 33 4 2tk PTFE Z& Elglel webrds Aee
oy 5wy AEL U2 AE vusty npEg st Azigre]l o] AQl Afolrt A& AlelaFetA
o] Bl A&A =AA= o w ERTE AlE 535t Ex o2 yelgti(Table 4). PTFE Z& ellol u}
A WE 75 4.05vacil ~5.3vacil Abole] #HS 7HA 2 AgSFEAE a719 frolA]l ztelg dolr 7]
th dadTte] Aol wjus R, Eejo s A o]ste] AFFREAS AAIS Ay Figure 2. 9 2t
B2 oF | 7vacil~22vacil¥ < 7FH 3 (Kim C. et ALSZEA A AgES AEledsty A7) uef
g A A A EE Y LA, B, O 253% 9 Al
- 197 9AHE B9 1(C, D)o e} A1e]
&+ 12%3% PTFE Z&58Y C, D& =33 I1%
2 - o vpro] Hge] /|8 54 5te o) vz
“ =9 AgeFgy Avle] dFS AT 2UES
g e R
§ 10
3 32. & oiEge Me|gEgstd 37|ef 3
0 - 29| 7|2 S4ntel A
Y
PTFE Types 3.2.1. Layerol| w2 £A
Figure 2. Result of Post-Hoc Test for loudness(Z)
According to PTFE Types TY F e AR el layerTE Zol7k A
[ 359 A8Es WdoR layerdl e A2t
al, 2008), BAEE oF Odvacil~09vacilel & 7b % 2] Aol EASIAT, Aayersh ayer A2
A, PTFE #& ghidlo|® F5da A8 ME 4 rg=Ad §o59 zpo]7} Q=] Lol 12} =
=7 e AT w5 & 7 Atk W8 BES g Totestd} v|RF PAHE A g A= Table 5.
A 240l met xkel 7t g7l shAIRE 5o Wshe} o} gt} B Azt Aeeastd 27 2 layerd
922 AEE Y xS & F enz 749 °F 10sone~12sone, 3layere] 7% ¢k 15sone~
T RE AR e olfe 2 A7 R 8AY (ggonecm upgtth whebA Slayer Al 2.9 npEgol
ddol gl& AR ARtk A A75d G2l £ gayer ARET EAZOE o8 U AngA =
AT whEo] dojubs F& B4 T3 2] 24 ARG oF 2= 99t}
ol whe} whggo] WAShE FaE RS =

Table 4. Psychoacoustic Characteristics of Specimens and ANOVA Results

PTFE Soeci Loudness(Z), Sharpness(Z), Roughness(Z), Fluctuation
Type I sone acum asper Strength(Z), vacil

A A-1 11.52 1.75 3.99 4.7
A-2 10.36 1.78 3.46 4.22

B B-1 10.93 1.69 3.57 44
B-2 13.96 1.67 3.86 4.87

C C-1 13.73 1.87 4.01 436
C-2 13.53 1.96 3.14 4.38

D D-1 16.7 1.72 4.16 4.05
D-2 15.1 1.7 4.16 457

F Value 11.8527 2.732 2.627 0.075

"~ P<0.01
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322 due #7/2 FE Yo 2 4 UTE Fromgt AEEATE e AHoE e
PTFE 89} 1 A2E9 g3bd 54omre dele
MRS A F71% A WEe WE &el 54 FH 278 S8 st AARAL HAW
S AT R7] 95k, A A4S AT A A= Table 8. 3 2t}
WHoz 9 Anel$ PTFE 28 891 183 o
Al I IH0R throl 2 543 Afe] % 34, A2 obaS M2SuSH SM o3
7], A& 4] FAdAE £4% A= Table 6 (==
3 Pk aF 13 2% e Jelsdsts arle
Aol #H719 Hrdd e g EAo mE Aol A Lo J|EEAY datd EAS BalH oz 17
i) sto] A& vhEgel Megdey SHS o
2k B394 S AHgSte] PTFE 25 BFlol w
33. PTFE 2 & Etd & H&H S4t HEl88 g gonom g AndA AxsE 89 [ 123
SN Sdatel A o Az AAHE B9l O 281k vhakgd o
sfo] Aol ety 2718 A 3she Bdg AN
Table 5. Loudness(Z) According to Layer tH(Table 9). FE 22 g¢] [ 129 nfzes o
2 layer 3 layer T-test |Wilcox on Z31= 3| A= layer7t AW WSGE X3H I,
Mean+S.D MeantS.D | p-value| P-value d=gw A =4 Jeygh 372 w=d
LOldeI)leSS 10.93741.7650 |15.587+4.0473 009 | .024 layerel w2 Mgl &aety 27 54 B4 ATe} vl
Z7HA 2 2layer®th Slayere] A9 o AlILHA 1A

H= Aor gFHIT. wEtA AES 2ayer® 7
Table 6. Relationship between Loudness(Z) and Thickness 2 oo (: Y °
A=)

Ea e R R R RS

A =AX = AEo] Azto] 7hed Aoz AtrHh

=
211 9 Al11Ed
of Fiber - Fabric Count of Specimen ot d A

Loudness(Z)
Group I : less | Group II: more . . .
. . Table 7. Relationship Between Loudness(Z) and Mechanical
noisy noisy
Properties at PTFE Film Type Groups
Thickness of | Warp 221 .099
fiber Weft 237 094 Loudness(Z)
Fabric Warp -351 -.550 Group I : less moisy Group II: more noisy
Count Weft -.182 -475 G 880* 834
2HGS .844* .678
FrAbeE el 548 2t 3o 5% PTFE & wC 928* 664
Y I 157 PTFE B9 O 159 Aeedss =2 RC 887* 511
7)el odstA Exrhe] ARPAZ BAS A} 2 A4 W 860* 780
AAAF Q= HFEES Table 7. o YERSILE & v <05
A1 whEeS 2t PTFE B9 19 4§ det
E4(G, 2HGH)I Aeegets 2717 A1 ()3 | | |
BAE Ho] Ao WFomol WMo o]HLSE u} Table 8. Regression Models for Mechanical Properties and
Bgol ALHA AAHE L S ATk wI Aol S ouinesst
Fotd 271e FEF SHWC, ROF FAW)ShE Y R’
AHAAS BT weA bS] offal, Wrlstal WC(gf - om/m) | 63.516x+8.1251 0.7762
=] o JELO) 2~ 2 Al L Z] O o)}~ 0]
Tﬂ‘ff: A= T = }\]Jl 7'” »——74 T q—
e " neoshoaA RC(%) 0.46x +8.4244 0.7863
PTFE B} T 23 A8E9] 45 Aelsdds 2
7] st Ex7le] Sojns AT e W(mg/cmr) 0.0703x+2.1697 0.7558




Table 9. Regression Models for Mechanical Properties and Loudness(Z)

Y Xi G Co | A4 R
Group [ : less noisy Layer 2.806 10.937 0.924

L Z
oudness(Z) Group IT: more noisy 2HGS 0.179 11.864 0.999
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