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Garment Appearance and Formability of Perspiration Absorption and
Fast Dry/breathable Fabrics for Sports Wear

Hyun Ah Kim'
Korea Research Institute for Fashion Industry;, Daegu, Korea

Abstract: This paper examined the garment formability and appearance of perspiration absorption, fast dry, and breath-
able fabrics. The mechanical properties and seam pucker properties of these fabrics were measured and regression anal-
ysis was conducted between fabric structural parameters and their mechanical and seam pucker properties. The superior
total appearance value (TAV) of fast dry knitted fabrics for sports-wear was achieved in fabrics with high extensibility and
bending rigidity; consequently, it increased with increasing stitch density and tightness factor. The formability of the fast
dry knitted fabric also improved with an increasing stitch density and tightness factor. The seam pucker was influenced
by bending rigidity and a good seam pucker was exhibited in the fast dry knitted fabrics with low stitch density and tight-
ness factor. However, the formability (F) of the breathable fabric improved by increasing extensibility and bending rigidity
that decreased with an increasing cover factor and the thickness of the breathable fabric. In addition, seam pucker dete-
riorated with an increasing cover factor and the thickness of the breathable fabric, which was similar to the results of the
formability predicted in fabric mechanical properties. A superior seam pucker was achieved in fabrics with high exten-

sibility and low bending rigidity.
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22X 2 RAAL ZAFolol T 75 0E FIENEH T A3} Aol F7kste] ofe] FPToIt 28 Al o
FUr 542 7184 Aoty & & vk ek & 54 E7S U 5 JolA] olo tigt Aol JeAel &

X2 DAl UE DAL Bo] AREIL glor, UE &x)9 R A=
28 Al el o BEFOR AHA% (Seam puckering), 2 HE AHARGT} A-E HETol #AS e U7
g3 B 7919 AH(Curling) 5°] AT} o2g AEH oA & AT(Nitta, 1980; Niwa et al., 1981; Yamada et al.,
o] A WA AJE UE A9 5542 B g 1995)5 53ll, KES-FB systemollA] A E <J3I54X| & AMS-
T HA sled =0tk #H 2, Kyohei et al.(2015)> FAST system

g A (D1mens1onal stability)2] =0l 7)€t}
< =, UE &4 A3i5A%]e] Ba3d wiel] A
oA BEo st = 9 IR T2l g o3 HAYst
Aoz dHA Utk(Kyohei et al, 2015).
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Table 1. Specifications of the knitted fabric specimens

AR 17RE Ao F53T dEaAls &
o] e 127KAE AlRR HAH33int
27 (Table 1y= 9AF 2AEE 244090 F92~(Coolmax®)
o} =) &4 37F](Coolon®, Coolever®, Aerocool®)s 137}
g A5Z A3 T 247 (Table 2)E
HAED Z22HE AMS 38 S22 Zrjdlold 7hed
F5aAl 79} WAl 2714], wlo| AR Solw IHE
E K 223 ydEM 2] gepdlely &) 2714 F 12
THRE AER ARESISITE olF &A1 E4S Table 13} 2¢]
HERH AT

N

T

22. E815U LE AM2e| Pxul2iHEt 8

HES Fx el & 7P 5838 A= courses per
inch(cpi)®} wales per inch(wpi)©]™ ZE]X] = X=(Stitch
density, S)= cpi®}t wpie] FoZ (N2 AofHTi(Ay,
2011). Cpi¢t wpie 7zt AlEo] dis] 10ecmT F2=9F Ad W
e dEE 43t o] e AT xR SIS

215-2] AWIE (Cover factor)ol] SFHE CIAZEA LEQ
] E}o]EM|Z2: HE(Tightness factor, KyY= (2)4oZ Aot
(Au, 2011). (2)2ellX 2=EJx] Ao|(ly= 7+ Al&el i3l 1 inch
T dols 45l 2EX LR e FEEE (emfeE
ARESIITE 2EIX] dol(I= cpiet wpidll WHESHA i 2
AFoMe AT AT 2EA HolE AT Ao R
3hkate] AT Table 5ol ZF AlEE2] Elo]EU|Z 2]
9} 2E]X] I=E e

S=cpi in course x wpi in wale

tex

l @

M

K =

Yarn linear density (d)

Density (/10inch)

Specimen no. Face Back Pattern Material
Face Back
Course Wale Course Wale

1 330 241 68 45 32 56 Interlock Coolon
2 552 - 54 67 - - Plain Coolon

3 457 - 78 168 - - Plain Coolon
4 457 - 231 207 - - Plain Coolon
5 284 355 40 56 85 96 Interlock Coolever
6 214 - 282 102 - - Plain Coolever
7 313 355 60 72 86 36 Interlock Coolever
8 469 - 120 72 - - Plain Aerocool
9 391 278 70 44 32 64 Interlock Aerocool
10 393 300 89 54 48 48 Interlock Aerocool
11 300 300 117 192 117 192 Interlock Aerocool
12 308 434 126 138 177 138 Interlock Coolmax
13 360 272 171 117 171 117 Tuck Coolmax
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Table 2. Specification of the woven fabric specimens
Yarn no(d Fabric densi
Specimen = Wi“y Thick- Weight . -
no. Wp WE Wp (picks WDC  ness (ef/m?) Material characteristics Remark
(ends/in) Jin) (mm)
1 80 83 232 120 1.2284 0.189 110 Nylon 100% hydrophilic polyurethane laminated 2 layer
2 56 71 170 93 09574 0.112 96 Nylon 100% hydrophilic polyurethane coating 2 layer
3 84 108 85 85  0.6636 0.321 137 Nylon 100% hydrophilic polyurethane laminate nylon tricot 2.5 layer
4 131 121 95 140  1.6034 0.256 143 Polyester 100% hydrophilic polyester laminated 2 layer
5 68 164 233 100 1.0918 0.291 163 Polyester 100%, laminated 2 layer
6 56 65 212 130 1.6009 0.154 91 Polyester 100%, microfiber high density fabric 1 layer
7 53 54 158 72 05830 0.117 70 Polyester 100%, microfiber high density fabric 1 layer
8 92 183 160 68 24407 0315 110 PU Teflon finishing, Nylon-66 microfiber high density fabric 1 layer
9 177 80 165 124 13283 0.346 150 Wet breathable 2000MM, Nylon-66 laminated 2 layer
10 89 178 152 70 0.7309 037 150 Dry breathable 2000MM, Nylon-66 laminated 2 layer
11 41 272 118 83  0.8094 0.109 81 Nylon/cotton laminated 2 layer
12 64 67 120 108 09526 0382 225 Nylon/cotton laminated 2 layer
Note : WDC; weave density coefficient
2.3. B84 EE AE9| F{H{TE] Table 3. Mechanical properties measured by KES-FB system
FaAge) P A A Ee) Wng AR sl e Block .0 t Symbols Characteristic Unit
AMBEE weave density coefficient(WDC)Z o}l (3)4]< properties
AMg3te] ARl tHKim & Kim, 2010). Table 29 2+ Al& LT Linearity -
=o] WDCE JERNYTH Tensile WT Tensile energy gf-cm/cm?
RT Resilience %
WD x FD = %’ « 25.4° : 3) Bending B Bending rigidity gf-cm*cm
D,, + Df) 2HB Hysteresis gf-cm/cm
R+C)? G Shear stiffness
where, WF= ( 2R ) +weave factor Shearing 2HG Hysteresis at y=0.5°
WD : warp density (ends/in) 2HGS Hysteresis at y=5°
FD : filling density (picks/in) LC Lincarity N
WDC : weave density coefficient Compression wC Compressional energy  gf-cm/cm?
D :yam diameterz (mm) RC Resilience %
d=p,x 1% x9x 10° MIU Coefficient of friction -
d : denier Surface MMD Mean deviation of MIU -
py: fibre density SMD Geometrical roughness micron
R :number of yarn in the one repeat weave Weight & W Weight per unit area mg/em?
C,: number of interlacing point on the one repeat weave Thickness T Thickness at 0.5gf/em* mm

2.4, 215'5**—’“

2 AEGo] WAk UES AEAE TS
%-7&‘8} ] 18] KES-FB2} FAST systemS ARZsle] <l
83 PEEAS A5} Table 37 49]
& F 7?}1 711%717191 AEEAA| o] EAE eI

[

2.5. M S ((TAV) o|FEM M (Formability) 7}
Lindberg et al.(1961)2} Shishoo(1989)2] Aol 2o]F<]
Aol AHEe] 5o ZHE] FolFTia RIH o]

% Kawabata®} Niwai= TAV(Total Appearance Value)s KES-

FB systemollA] SAE ASEANXZ 8 o7 H5A

o] &3k AlEF0)AAS @)k 5oz TS THNiwa and
Kawabata, 1981).
3

TAV=Cy+ Y (C1,Z;+ CoZ))

i=1

“4)

where, Z;=Cjy+ z (a;+ UXIZI) )

i=1
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Table 4. Mechanical properties measured by FAST system

Instrument Description Symbol
Thickness at 2gf/cm? T(2)
FAST-1 Thickness at 100gfiem? T(100)
Compression . R
meter Relaxed thickness at 2gf/cm’ RT(2)
Relaxed thickness at 100gf/cm? RT(100)
FAST-2 .
Bending meter Bending length BL
Extensibility at 5gf/cm E5
FAST-3 Extensibility at 20gf/cm E20
Extension o
meter Extensibility at 100gf/cm E100
Bias extensibility at Sgf/cm EB
Physical . .
ys1c?1 Weight per unit area w
properties
Surface thickness ST
Calculated Bending rigidity BR
measurements Shear rigidity
Formability F

E AFofM= 137K UEAIFA KES-FBS} FAST system
ol 4 —f—x H geFesiy @A ®)2d o8 TAVe}
FAST#S 2H7F ARtelsitt. 4, &5 =] 23f<e
KES-FB systemoﬂ/\i 7RIA= Hdl A1733HE(Fmax)?+ Fmaxdll
e HY 3 E(EM) 2= A —7—‘617]—)\4(‘8) HS o)l FE9
9] &3 4 A5 (Formability), KESE (6)2 A Attt
(Gersak, 2003; Morooka & Masako, 1978). ©]& 72 Table
50 YERASITE FAST systeme] <07 Al 7](FAST-1)ol A
E20, E52 =43} 1€ #H](Cantilever) #3 A1 71(FAST-2)

oA 249 FAABRE (7)HlA Axtel o] kS Al
831 (8)2lel <3l AT FASTE ARl tHKyohei
et al, 2015). ©]E %+ Table 79| LFERASIT)

EM
F ==Y B
KES = F LT ©

where, Fypg: fabric formability

(a)

Fig. 1. Seam pucker measuring apparatus.

Fpnax : 500gf/cm
EM : extension(%) at F,.
LT : tensile linearity

B : bending rigidity(gf-cmz/cm)

B=W-C’x9.807 x 10° @)
where, B : bending rigidity(uN-m)

W : fabric weight(g/mz)

C : bending length(mm)

Fpast = (‘13_20_121375)_2 (®)
where, Fppgr: fabric formability

E;: extension(%) under S5gf/cm load

E,y: extension(%) under 20gf/cm load

B : bending rigidity(uN?m)

2.6. M7 (Seam puckering)&d

o|Fe] AEARS A sk= o= 7 89 F eET
o] 5 Exrdel gt daefle fa dshs 2ol A
HrAge R olF 48] #8l AE71(DB2-B 737 Markll,
Brother Co )& ARSI 60Ne2 A3 ABAIZE 6gfe] FHS
FHA 2,230pm O 2 A E-3I5ATE. olwf 2E]X] dolE 4mm=E
= 3.5kg AEIOIA BAIE AAEISITE AEAY HE
o] &AL Fig. 12l #AIAIS KD 04 systemS ARE-3l] 3
AT} 33cm x 10cm 27|12 BAE A|RE Fig. 1(b)oll Al
Alg 27 9ol &8 A 20% B¢ 21 T Fig. 1)l Al
Algk 3D oA R A& ol F KSK 01189 23] 547171
WellX 2Fs Ak B A9AY 558 B

3. Zzt & =9
A BBHEU LIE &Xie| 55 MX|et o|Feld SM

o] 2] HEAF o785 (Formability)ol] T8 o<
2 a8 AEEAH ol




Table S. Physical properties of the knitted fabric specimens

AEE SJops FEEH R 29 JFIB FYH FYE 60l

Specimen  Thightness factor(K) Stitch density(S) Thickness(mm) Weight(mg/cmz) TAV(KES) F(FAST) Seam puckering
1 34.2(22.8) 30.6(17.9) 1.69 13.23 0.4687 0.715 3.80
2 474 36.2 1.21 15.34 0.4057 0.835 439
3 87.7 131.0 1.31 16.37 0.2338 0.760 3.52
4 156.1 4782 1.13 15.76 0.2699 0.555 3.85
5 27.0(56.8) 22.4(81.6) 1.67 14.82 0.4583 0.775 3.77
6 93.7 287.6 2.09 18.41 0.9053 2.315 323
7 38.9(38.3) 43.2(31.0) 1.86 18.66 1.2866 1.180 3.30
8 69.3 86.4 1.63 15.09 0.3717 0.955 3.15
9 37.6(26.7) 30.8(20.5) 1.91 18.24 0.8877 0.820 3.00
10 47.3(27.2) 48.1(23.0) 1.82 14.88 0.4546 0.610 4.53
11 89.1(89.1) 224.6(224.6) 1.90 2597 4.5844 4.145 3.36
12 77.2(109.3) 173.9(244.3) 2.17 1543 0.7849 1.675 4.08
13 91.0(79.2) 200.1(200.1) 1.58 10.63 0.5527 0.735 3.13

] ’ .
3 )
L A o e o
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= g [] 2
& . a, (] .
, o o .
. o L
e R=0815 . ®
R=0921 = 0.6
, {IlOCJ,F';-:,Y} ! GKES)

(a) Extensibility

(b) Bending rigidity

(c) Shear rigidity

Fig. 2. Correlation diagram of the mechanical properties between KES-FB and FAST system of knitted fabric specimens.
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8 TAV(KES)

4.5 BF(FAST)

1 2 3 4 5 6 7 8 9 10 1 12 13

Fig. 3. Formability of quick dry fabric specimens.
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Fig. 4@elM = = S%el EMJJr Bito]l =& e B
o 7o T (TAV)Rel $=rahe & o 212w, Fig. 4(bpl
M= Esgtel Higks 7HIHA dRdel o7t Sk ARl
AAE 7+ 712 o JBINANS ) R =
& 4= ok TAV(KES)2F F(FAST)2] ks zhe oskzA
o] &t U2 e /e A& TAVKES):= w3744 (B)itel
pure bending”&<! WFH FAST systemel] ]38t F(FAST)=
?‘ﬂﬂﬂoﬂ HAsKE F94el, 7t Adey Aol oJg &
AEE Yol §87% vIZAUSE Aol Aol e
o= AlEH

Fig. 5& HE T4 0| w2 TAVE =X Aol Fig.
5914 B = ShRol 28R 9E(SyF 55 W TAVE =2 #
S 7RIS & & Aok B UES] @RFAY FHEW) T
7o WEE TAVZE Z71eRs 43S B o5 Azl
ANs BAT Bxo7 TAVY R34 dotate] 3

POURE ST et

TAV(KES)

TAV(KES)

119 S
0.5 .@’
' 86.4 o)
[ | N
0 . ' 22 &
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& N o 274 ¥
T F P o S
& &S B0
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Fig. 5. TAV(KES-FB) against fabric structural parameters.

S Arls ols
6 TAVZ) =& ks w®
AEM)P] =2 7 BHoem 24
< HolF 31§ 2
Fig. 6& UE A5°] %Li‘ﬂx}ﬂl w2 2 F9%8 5 (FAST)
s AR Aotk Fig. 6014 &  Sxe] HES] Elo|E
Y& WE9} AR 7t 2718 uel o 5350 &
TS 4 £ U T3 o) o F S F3S vX=
UE o5tk 71 EE 2N 98 IARAME AN
Table 7914 F8AA 5 UES] Fddol(Cy) 7F¢ & 94
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7.
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FUAHl B e 7K W S5sm FUPAel 1 2

3]724]& Table 6o YERAATE. Table

o= ;\]a‘: ° H7A B /\]31_

A% RPo) 0.949] =2

3.2, LE &7je] MHFE 54
Fig. 7& Al57 o] F&gshs UES] 2E1X] B (S)9} Elo]
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(a) TAV(KES) vs B and EM

Fig. 4. Formability against fabric mechanical properties.

(b) F(FAST) vs C and E5
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Table 6. Regression analysis between F and mechanical property

Formability(y) Regression equation R p-value (0=0.05)
6.222B+0.039EM-0.887 0.94 0.000
TAV 7575.257B3-685.754B2+34.757 0.96 0.000
0.008EM3-0.179EM2+1.204EM-1.765 0.8 0.000
Formability (FAST) 0.048C2-0.162C+0.976 0.77 0.001
Seam pucker 51113.367B3-8234.708B2+337.952B+0.065 0.69 0.012
oh 3, UEY 28 Wi eolu) Bt S48 o o
. B SRt Aurist 2o duEAe ks
‘ Eo] Uyl =AY AME (Compact)Z= 24| Al A7 &
ol geige selsint
2 as
g’ ' 33. £AEEC ARHMMS 24
' | Table 79 12714 F522 A5e] 59 7394
| | l S ¥ a3 ANAY 24 e
T g e sof ] Fig. 8—8—‘ 12714 F52E¢] KES-FBSH FAST systemfﬁw
b 24 kel (623 A Al AR 1734

Fig. 6. Formability(FAST) against fabric structural parameters.

Seam pucker
2Ll olbs B
v
7
£
b )
8. e —
5
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=
”6/
FAST
g = %

0 5 432 s‘s 000 - -
L S {\9 R 308 § o -
R @ & o o a 24§ KES-FB
A N
Tightness factor(K) * &
Fig. 8. Correlation diagram of formability between KES-FB and FAST
Fig. 7. Seam pucker against fabric structural parameters. systems.

Table 7. Mechanical and physical properties of woven fabric specimens.

. Formability Seam pucker Mechanical properties(KES-FB)

Specimen KES-FB FAST Optimum condition Bad condition EM B G 2HG RC
1 0.0100 0.0660 3.52 2.55 2.465 0.108 3.845 5.1 78.26
2 0.0250 0.0641 3.72 2.03 3.415 0.078 224 2.06 80.95
3 0.0750 0.1721 4.68 2.06 3.38 0.180 4.86 10.29 56.14
4 0.1000 0.1314 3.78 1.95 2.355 0.196 5.94 5.78 66.67
5 0.0300 0.1504 3.85 2.37 3.82 0.117 3.47 5.00 60.00
6 0.0700 0.0378 4.30 0.00 2.11 0.060 2.04 5.38 60.71
7 0.0600 0.0258 3.55 1.30 3.01 0.028 0.97 2.81 69.23
8 0.0750 0.0568 427 2.09 2.955 0.078 3.33 8.70 50.00
9 0.0750 0.1348 4.99 1.54 3.515 0.132 4.67 6.52 57.47
10 0.1200 0.1183 4.85 233 3.305 0.124 3.21 6.62 45.16
11 0.0150 0.0400 4.90 3.12 3.135 0.057 5.27 6.80 67.74
12 0.1950 0.2256 4.99 2.16 4.04 0.197 4.82 10.14 51.75
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Table 8. Regression analysis between formability and fabric structural parameters

Formability (y) Fabric structural parameter (x;) Regression equation R p-value (a=0.05)
KES-FB % : Thickness y=-0332-21.382 % 1 +45826x2+0283x3-0222x4  0.73 0.038
X, : Weight
FAST ¥ : Thickness/Weight y=—0.042-2.632 % 1+ 18690 x2+0.038x3-0.117 x4 094 0.000

x4 : Cover factor

Table 9. Regression analysis between seam pucker and fabric mechanical properties

Formability (y) Fabric mechanical properties (x;) Regression equation R p-value (a=0.05)
Seam puckering  x;:EM, x,:B, x3: G x;:2HG, x5:RC  y=4.50 + 0.26x;- 4.69x, + 0.2x3 + 0.06x4 - 0.03x5 0.716 0.105

g 3
L é; 5
¥ -
Y
5
‘ g - oo &
PR ey
i l Cover factor o °%7% 1082 1 0,
F“ RS Fig. 10. Diagram between seam pucker and fabric structural parameters.
Fig. 9. Formability against extensibility and bending rigidity.
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