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Garment Formability, Appearance Characteristics and Mechanical Properties
of Worsted Fabrics for High Emotional Women’s Fabrics

Hyun Ah Kim'
Korea Research Institute For Fashion Industry; Deagu, Korea

Abstract : This study investigated the formability and appearance performance of 20 women’s worsted fabrics. For this
purpose, 10 foreign fabrics (9 Italian + 1 Japan fabrics) were prepared and 10 domestic worsted fabrics for women were
made in Cheil woolen textile company for comparing with foreign fabrics. The mechanical properties of the 20 fabrics
were measured using KES-FB and FAST systems; subsequently, fabric formability (F) and total appearance value (TAV)
were calculated and compared with a virtual 3-D simulation silhouette by i-designer CAD system. The fabric formability
of the domestic fabrics, calculated by KES-FB system, was lower than foreign fabrics, which was assumed to be caused
by the stiff tactile property. The result was similar to that of the FAST system. Good wearing performance of the foreign
worsted fabric was assumed to be caused by high extensibility and the compressibility of the fabrics. The TAV’s of the
domestic fabrics were also lower than foreign fabrics. Both the correlation between TAV and formability by the KESFB
system and the correlation between TAV and formability by FAST system showed a good correlation coefficient. Fabric
formability between KES-FB and FAST systems also showed a good correlation. The 3-D simulation silhouette of the for-
eign fabric by i-designer CAD system appeared superior to the domestic one, and assumed to be attributed to the low
extensibility of the weft direction, stiff bending and high shear properties of the fabric.

Key words : formability (2]53434)%), CAD system (F|= A]2=H)), total appearance value (2]#54]), KES-FB system
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ek AFAAE FRIIAT. Fan et al (19983, by ARZE
F& A ARt Alzglel] B3 AFollA] WOFAXZE £
A8 AR o5 ARAEY B He
sk A 2173 *(neural network)S A}
9, 74 59 =%
‘/]’l’liﬁl WEE 84S
A= WFM(Wavelet-
(Kang et al, 2005; Kim & Kang, 2005)3} 213%
(Hu et al., 2006; Park & Kang, 1999a, b, c)=
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A|2Elo]HA] 3-DAI2EIQ] Fabric Eye"(FAN & Hunter, 1998b)
7t idEe] SREA SHUER] Y, AHAY, HHEE 2
g =glolz B4 Fo BAEES Bt AAsie + U= Al
Z59] ZiEk(Hu et al, 20023, b)o] “FH3} =7 =0Tt 4,
Gong and Chen(1999)2 KES-FBAZHS Alg3lo] 2&E2] o
ghepolla] BAIFANA L] AEL] A%S dSshke A+E <
2173 % (artificial neural networks)S ©]-&-3le] A-3IATh A
Toray ol ©F2] SAEAS A&Ee] SN o=
T AUe EF9 AE CAD systemo] W3t A7} Harada
and Saito(1988)°ll &Jall Fah=7] A&l o]Fo] EolHE

4 A= CAD system®] i-

Ae AEL] JEEARAA 5T F s

designer(Texpro)°ll 2J3 “83HKim & Gotoh, 2005)= 3T}
A Eo  B-A A (tailorability)Z <] EHAA T
(formability)®] “ZX]E Fabric Assurance by Simple Testing
System(FAST) ¢j8td@e] ogtigFellx AL o5 &
ol FollAle] 41T 7 (seam pucker)53F FEEA 2 FE)
T AHATE A" AAE SIS olE AETt Al
e HAE5S Ak A, A, A8 FRAA S NA

a5 AEY BAE A5T F Jde AXEeRA SRolg

o

o

QEn

L

(appearance)°l] 7FF &
olelz TR ol 71e]
1998a, b; Gong & Chen, 1999; Pavlini¢ et al, 2006)%= <
AT 53], 2RA=9 IEFE Z(wool) 5 AT
oPgA, & 5 (hygral expansion)d} ©] = (relaxation
shrinkage)e] & G FIAH ol= A& G A}
Slomz Hazte] £& IFE TARISY g FlEATRA
oF Ao ABEA T JBEA 7He] Aol the B2 A

B UL

Ju

Table 1. Specification of the specimens

el
o520l 3zl s AlEH A Bt A5
Hlasks A5 S8 LRAEe] a7l Fitd
B2 A7t FEo sttt
HEe] gotgollA o fe] FEAHE ASFde dAFe
Lindberg et al.(1961)°] 2Jal 3= 2™ Kawabata®} Niwa
7} Kawabata Evaluation System(KES-FB)(Kawabata, 1980)
AEq3t AS71E MEsiaA B st A7 =0
F3 CSIROCIA i3t FAST H &S84 3471717} 7
(Ly & De, 1990)=™HA] Postle and Dhingra(1989)2} Majar
et al.(1989)°] &9 FolA o] wofe] Aol B 7|9E
STt aRAE A Aol Wske 5o w53t S5 ¥
Hrud = R QHs v ahe o]5e] A &
ol aRAE] F3 A, 1gelst Ao o) g W
£tk 9% Niwa et al2001)0] &8 BHrE9on E3)
H2e] AFEA Kyohei et al.(2015)S AR 2B AolE B
A o DysieE o B Aj1S AEe] 54 B4
AlA Cluster SAA WHS AR-ate] A1

¥ ApeAE el A Y oge 2uHEs
F9] 2umge SEy ¥ JARINSY aeln ARYY
5 5 v RASIR 293 2uAE AR 9BEY

3 20l QetEATte] BAS AR $159] idesignere]
3D CAD 7})2}%%“}\].1\.5‘!]0“}\‘1 5%]7}’@‘1— Q,]S’C]_—_‘_E'_/\é;]_ H]_}T_—S]—Oq %

0L ol3E IRARAEY FAS A58 A sk
24

21. ARXE AR
2 AollA Ao AgEA AEALE =357 Hsl
AMESE AlE= Table 19] YERSITE £ A+= = 719

TEATE TSN o= AZAFI FellM A8t

Yarn count  Fabric density Yarn count Fabric density
No. Fabric type (Nm) (/inch) Weave No. Fabric type (Nm) (/inch) Weave
Wp % Wp Wt Wp Wf Wp Wf
1 SUPER 170 A 2/125 2/125 96 98  twill 11 WOOL/CASH Milled A 2/65 2/63 72 52 twill
2 SUPER 170 B 2/100 2/100 92 96 12 WOOL/CASH Milled B 2/72 130 76 66
3 SUPER 170 Milled A 2/125 2/135 92 80  twill 13 WOOL/MOHAIR A 2/90 1740 70 68  plain
4  SUPER 170 Milled B 2/100  1/50 88 92 14 WOOL/MOHAIR B 2/100 1/40 72 66
5 SUPER 150 A 2/90  1/63 86 96  twill 15  WOOL/SILK Crespino A  2/82 1/48 120 110 twill
6 SUPER 150 B 2/80  1/50 84 94 16  WOOL/SILK Crespino B 2/80 1/50 116 114
7 SUPER 130 A 2/100  1/63 90 96 twill 17  WOOL/SILK Tropical A 2/62 2/120 62 72 plain
8 SUPER 130 B 2/80  1/50 84 94 18  WOOL/SILK Tropical B 2/90 2/120 68 70
9 SUPER 130 Milled A 2/74  2/86 73 72 twill 19 SILK MOLE JK A 2/120 2/120 96 45 twill
10 SUPER 130 Milled B 2/80  1/50 75 84 20 SILK MOLE JK B 2/120 2/120 100 48

*Note: A-Foreign specimen, B-Domestic specimen
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HEwte] sHEy L HEEA olg Hlw - B4 shich
ARAE ARE oY B4E wH ARE ARZ ) -9
o 207} AEE AMgEIT B A7E g8 A8E ) - 9]
ARAE ARE oY P4E W ARHE ARZ F9) AR
£ A ol AT Qi olHzlsh AR A6 Al
AFo2A FlA S} Al A&

2 59 170~1200) =g 773 RAEI} S| ],
&/, &3 SUAE, a2a Aol HE T AL

Aol Tl 2AlE AT Table 1914 &4 AlE
A7t o= AxIA R A AR dW7) &= AN g}
Hlwsz] Q8] Ak AlSotth. 1A 10M7IA] AlEE
Super 170, 150, 130 <=3 S(super woo)ZA & YF| H=
(finenessyEZo] H7F Y5 4 91 S(super fine wool)
o] FFEH wet AEE AZSAT S(wool)A A F] o
(cashmere)y= & 90%, 7NAIF]O] 10% SFAFRE ARSI
$-/28] o] (mohairye & 50%, 28] 50% Lo L/
3 A 2] (crespino)E & 90%, A 10%, /43 EEY
Zr(tropicaly)> < 60%, A3 40%S E3+ RS AREEIY

A3 B AF=(sik mole JKy=E A & 100%0] $IAF A=
1009218 AMSSE /43 DRSS ARSI o= ARAE
AEE ool B AR AES U F A WES
EAle] o] wigo® ARAE ARE U C7]HA Al

A¥sigict. o) W F 7199 v BEAsh Qelslel
W e ePEst ER S ST Tk Wwe Az
2 2787] WRe] AF AA D 7HANA olejish AR
g AAIE SISt

22 £DEE AEEY 5
2 AolM ARgE 2RFHEe] 93HE4dS KES-FB system
(Kawabata, 1980)3} FAST system(Gaudreau and Agatstein,
19892 olgslel ZYon] 7 Pl ME LuAE
=]

5 8
24429) 7} ojste 24gEe e,

2.3. o|REMM S (Formability)2t 2|ZHSM(TAVYLI}

KES-FB systemollX] ZHE F, .9 Fo.o42 HEEEM)
23 #3AEAB) #e olEste HEY o734
(formability) FygpsE (Eq. 1)°lA1 71435 th(Shishoo, 1989;
Shishoo & Choroszy, 1990). FAST system®] 1A 7oA
4% E20, B5 22]3L e H (cantilever) wATA7NA &
4 FIAHBAE (Ep. 3)olA Asee AFIHAT
Fiaste (Ep. 9= AXISIATE Total Appearance Value(TAV)
= KES-FB systemo|A] &A%t 16714 G&=ollA (Ep. 5E
ATt

Z2]3 3D CAD System(7F&E-AA2F)oll o8t A& o]

-
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oxl

Table 2. Characteristics of the mechanical properties measured by KES-FB and FAST systems

(a) KES-FB system

(b) FAST system

Block of properties Symbols Characteristic Unit Instrument Description Symbols
LT Linearity - Thickness at 2gf/cm? T(2)
Tensile WT  Tensile energy gf-cm/cm? FAST . Thickness at 100gf/cm? T(100)
- Compression )
RT Resilience % Meter Relaxed thickness at 2gf/cm? RT(2)
B Bending rigidity gf-cm?cm Relaxed thickness at 100gf/cm? RT(100)
Bending FAST-2
2HB H; i f- Bending length BL
ysteresis gf-cm/cm Bending Meter ending lengtl
G Shear stiffhess Extensibility at 5gf/cm E(5)
Shearing 2HG  Hysteresis at y=0.5° Extensibility at 20gf/cm E(20)
. o FAST-3 s
2HGS Hysteresis at y=5 Extension Extensibility at 100gt/cm E(100)
L Meter Bias extensibility at Sgficm
L L -
C inearity Warp and weft Eb
Compression WC  Compressional energy gf-cm/cm? Extensibility at 5gf/cm
RC Resilience % FAST-4 Relaxation shrinkage RS
Dimensional
MIU  Coefficient of friction - stability test Hygral expansion HE
Physical
Surface MMD Mean deviation of MIU - yswé Weight per unit area WT
properties
SMD  Geometrical roughness micron Surface thickness ST
w Weight per unit area mg/cm? Calculated Bending rigidity BR
Weight & Thickness measurements  Shear rigidity
Thickness at 0.5gf/cm? mm

Formability F




A 321 HolHe GElAx=0l] i-designer(Kim & Gotoh,
20055 ARE-ste] F|ddolE], AAle] HetEAel Hgk SAX]
£ 7122 AlEYeAS dste] o9& 33 A4S FA5
At

EM

Fygs = mﬂ (Eq. 1)
where, LT = E\%ILFZ (Eq. 2)
B=We('x9.807x107° (Eq. 3)
B et (Eq. 4)

where, F : fabric formability
Finax : 500gf/cm
EM : extension at F .,
LT : tensile linearity
ES : extension(%) under Sgf/cm load
E20 : extension(%) under 20gf/cm load
B : bending rigidity(gfcmz/cm, pUN-m)
W : fabric weight(g/cmz)
C : bending length(mm)

TAV =-1.3445+0.2841Y,+0.5747Y,+0.3608Y; (Ep. 5)
+0.2071Y,
where, TAV : total appearance value
Y : easy Formability
Y, : fabric springy property
Y; : drapability
Y, : quality (THV)
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Fig. 1> KES-FB system¥ FAST systemellA] 2793t &%
Az AR AEALARRE 53 7RI EETS Ve
Aot}

Fig. 1(@)= KES-FB systemoll <3l 43 o|FHH TS
(by= FAST systemol] o3l 543 J{FH S e
Atk Fig. 1914 & 5 %ol 7 548 Wi IRI8NT
o] o= HxIr gt SjrlgAolo] Aitel] & ApolE e
2 e As B Ttk F, 74 SR e 9R%

o
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52 B8 B A3 by
NEETEEE

AR go] i mAEuTh s 7h
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Fig. 1. Formability of specimens between foreign and domestic
worsted fabrics.
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Minimum Maximum

Minimum Maximum

Units Units
Fusing |Pleating Sizing Fusing |Pleating Sizing
Relaxation RS-1 (T 1 ) p H 9% Relaxation RS-1 s T T K T %
shrinkage RS-2 _'. ./‘.7' z. f -5 i RS-2 ". 1. / f .5
dEt Wool/polyester Pleating-puckering o Wool/polyes| | Pleating-puckering
Hygral ¥ o 'S T . p——p— " Hygral R —— L G (At [ —T T T
expansion wea| 2t i 2 348 139 % i ne2| 21 ‘i 23 45 78910 %
Pk / ' ‘ Pucker :
i F-1 '—‘rﬁv T PR T S y 2 § Fa| —m— — ,
0 11 0 1
Formability g 0.0 0.1 03 04 05 06 07 08 09 10 11 |mm Formability - 0.0 0.1 02 03 04 05 06 07 6:8\9\{1.0 1.1 [mm
Overfeed Check matching Overfeed heck matching
moulding T laying-up di laying-up
oo E100-1) T T H v I v E100-1| —— T T T + T T T
Extensibility 1 2 4 5 % Extensibility 1 2\ 3 4 5 %
E100-2) } T T T T T T T E100-2| | . - A T - T v T T
Cutti Stiff Cutting l
1|

B-1 T T T T T T T
i i IN.m
Bending rigidity 82 1 7 9 1 13 158 Y 19 21 |M

Moulding sleeve
Laying-UP| T insertion
— T —T—T— 7T T T

10 20 30 40 50 60 70 80 90 100 110 N/m

Shear rigidity G

Tean Minimum Full Minimum
Thickness Tlo2] ox o6 o8 10 12 14 |mm
[Sm: ] T T T T T
Surface thickness ST |0. 0.2 0.4 0.6 0.8 10 1.2 mm
Released surface E i y p ¥ Py 12 mm
thickness STR|o. Lgnd? 04 06 08 ‘euuw.
T T T o 1 2
Weight w 150 200 250 300 350 g/

(a) WOOL/SILK crespino A(No.15)

Fig. 2. Finger chart of specimens (No.l15 and 19).
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oF¥gTol $e e B 4 Atk o|= Fig 20
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Atk Fig. 20 o] #E2] FAST system AlZol 2|3t 2A)
2ol A3 A7 AREZS WA} Fig 2a)] A3 &/

A =

o FYAEET vl A= WAER] 199, 204 Als7F EN
H
1

Fig. 2@elA & = d5o] A3 3wz Fo] 34 v g
Holm A3 Fuba 9] #3174 (bending rigidity)? A4
(shear rigidity)°] Fig. 2(b)oll Hole A3 w22 Hls| =4
w2 e 7 o]Zlo] B 7P T dUeE AR

A},

32. 3 - 2 OiMol=mS Amx|Ze| HBiSY Hlm

Fig. 32 Fig. 1(b)ollX = - & AF 7He] /B850
2 xolE Hole 7 1702=9 779 1308 AE(3/49,
9/100)3} =Jo]E Ho|A] %= 73 1303} /413 T2y x
AF(7/8H, 15/16W)E Atole] olefe] Al vl e

iff
———— T v
7 9 1 13 15 1,7/;9 1 [uN.m
Moulding sleeve
T insertion

B-
Bendit igidi
ending rigidity a2 1 ?

Laying-UP|
— — T T T .1
10 20 30 40 S50 60 70 80 90 100 110 N/m

t

Shear rigidity G

oo Minimum ¢, Minimum
— T T T T
Thickness Tlo.2 0.4 0.6 08 1. = 14 mm
[Smooth
rp—

Surface thickness ST|0.0 M.B 08 10 12 mm

Relsased surfsce sTh oS‘m\w\ 06 08 10, 12 ™M
ickness L'Fh . . . oavy

Weight w 150 200 250 300 350 g/m?

(b) SILK MOLE J/K A (No.19)
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3.3. 3D CAD Systemoil 2|t ZLH-2| {488 A2ZXZ9|
o AUSA

Fig. 55 7MP3EAIA28(Kim & Gotoh, 2005y ARE-3}o]
e, ko] B4, uitHolEE 7|22 sto] ARAE] 3%}
4 F4Ee AlEEIA o A3 et

KES-FB system?} FAST systemollA] 243t ARAE Ag
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2HB

WC

—a = SUPER 170 Milled [forelgn-WEFT)

—— SUPER 170 Milled [domestic)

SMD

MMD

MV

—a—SUPER 130 Milled (foreign-WARP)
e SUPER 130 Milled {domestic)

(a) specimen no. 3/4

(b) specimen no. 9/10

SMD

MMD

MU

e SUPER 130 {FOrelgn-WARP)

——SUPER 130 (domestic)

MMD

MV

——WOOLISILK CRESPING (foreign-WARP)

——WOOLISILK CRESPING {domestic)

(c) specimen no. 7/8

(d) specimen no. 15/16

Fig. 3. Relative ratio of the mechanical properties between foreign and domestic fabrics.

FAST

Fig. 4. Correlation diagram of formability between KES-FB and FAST

systems.
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5k 63Dt 207 AR F 7P B RIAENTS Bl 2/
A3 B ARAEAZ17H 18)E FAHOE 3D AE
ol & A3 SUPER 150 AR FE(5, 6W)XE Fig.
3(a)ellAl ARE ARl FHAIE(@EHYE FAIE(SH)l B8]
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A

350  gFrolF

(a) specimen no.5 (SUPER 150 A)

L

(c) specimens no.17
(WOOL/SILK Tropical A)

I

(b) specimens no.6 (SUPER 150 B)

L

(d) specimens no.18
(WOOL/SILK Tropical B)

Fig. 5. 3D simulation by i-Designer CAD system. (A: Foreign specimen, B: Domestic specimen)

TAV

1 2 3 4 5 6 7 8

Fig. 6. TAV value of the 20 specimens.

AR eI 9ee & 5 ook YuEow gapy
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£ 58 B, wode] AVl 5 oBsel 24 %o 9%
2 vty Yeld gk meb oF JUEYS KESFB

systemollA] AlZ3E & 8IS ALE-3510] TAV(Total appearance
valueyatS (Ep. 5914 AlXketed Fig. 60l U - ¢ AlE 20
7¥A2] TAVE =AlsISiT).

Fig. 6914 & 4 Sl=ol 138/149 &/l o)) Al=E A9l

9 10 11 12 13 14 15 16 17 18 19 20

3l BE A|ROA o= ARAE] AEAGA7 = 7]
d AFET O =& 3E 2o, 184 (g/*]ﬂ ERT7
AE7F 7P W2 ke BTk Fig 1014 BRI o|{3 485
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