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Abstract The mechanical properties of developed fabrics which were composed of sol-
uble yarns and stretch fibers were analyzed using the Kawabata Evaluation System. The
following findings were obtained from this investigation. Fabrics woven with lightweight

yarns can be easily deformed by external forces. But when the fabric were woven using
thick lightweight yarns reduced the slippage between the fibers, which makes it difficult
to deform due to external force, thereby maintaining a certain space from the human
body. As for the weight of the fabric per unit thickness, it was found that fabrics were
compose of lightweight spun yarn was lightweight relatively. Lightweight yarns were more
flexible than regular yarns because of the reduced bending and shear properties that
greatly affect the lattice pattern. smoother, more flexible, and the better the bend was
recovered. As fabrics increased content of using of lightweight spun yarn was increased
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flexible and smooth, and bending recovery.

Keywords lightweight yarns, stretch fibers, polyvinyl alcohol fabrics, mechanical prop-
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Table 1. Characteristics of woven fabric
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Density Woven
Sample Warp Weft Warp Weft structure
Control(regular) PET/Rayon PET DTY 150D + , . .
winter clothes(outer) 30/2 (65/35) Stretch 40D 75/inch 75/inch Twil
Women' s winter Stretch/Rayon(40/60) , , .
clothes(outer) PET DTY 150D NmA0(225D) 75/inch 75/inch Plain
, Stretch/Rayon
WOCTOerZ(Zmer (40/60) Stre‘ﬂ%ggg%g%?/ 60 50inch 50/inch Plain
Nm60(150D)
Men’ s winter Stretch/Rayon(40/60) , . .
clothes(outer) Cotton Ne30 NmA0(225D) 75/inch 75/inch Twill
Men's summer Stretch/Rayon(40/60) , . .
clotheslouter) PET DTY 75D NmB0(150D) 70/inch 70/inch Plain
B Slstol AF 2442 o] &% AFS 2271 A 2. M 3
&7 08 Z7151m ik, oh9-mo] Rio] Zubq A
So| YEAQ ok & 4 glek, olefet A%H FH 2.1 A2
2o AF AFlA 7P, Al AR S TRt et B0 EAS 9 1 13 2.1.20) YER Qi)
A AFL R =L Q)= Asolw AR E uj$- 5
Zeba gl AAoleh, A AZe A= 247 A 21 1 Woven X2
e 440 HakE HEsH| A o R B Woven 21&2] £4-& Table 1°] YEFH 2™ | Stretch
ol FF3A ol FefA L U0, a7 BE AT Zentra” S AHESHIT.
2 A= olgEt 712 ARE L Sl A Y 3
HALS diAIS 4= e A tigt WE o2 HFdS 2.1.2 Knit X2
skl Y7 =0l 7Hs e PVAS AMSSE 978 ¢ Knit 2 29] £42 Table 20 Ueb 2 | Stretch
oo 9jaby B4 1 geale 19 A= B Solg Zentra” S ALEAIT.
Table 2. Characteristics of Knit fabric
Density Knitted
Sample Outside face Inside face
Wale Course structure
38?2%'( rse\?vlljrﬁ:r PETDTY 75Di#Streich 40D 50% 25/inch  40finch  Double kit 30" 22G
PET DTY 150D 50%
clothes(outer)
Women's winter o, Stretch/Rayon(40/60) 43% , , o
clothes(outer) PET CDP 150D 57% NmA0(225D) 25/inch 40/inch  Double knit 30" 18G
Women' s summer o Stretch/Rayon(40/60) 28% , , o
clothes(outer) PET DTY 75D 72% NmBO(150D) 25/inch 36/inch  Double knit 30° 22G
Men' s winter Stretch/Rayon(40/60) 100% , . o on
clothesfinner) NmMA0(225D) 25/inch 45/inch  Double knit 36“ 22G
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2.2 KES-FB System 0|83t Efo| H7t
2.2.1 JHEI-X'I ZS?I-EH |-

N 2 &9 # (handle)d 7t= KES(Kawabata
Evaluation System, Kato Tech Co. Ltd., Japan)
£ o] &sto] BA A AR Bl tiste] 42 245
ovl, AAst 94ake] B st SHAS A
o}, AR 9] 271 AAMFEFO & 20cm, YA
20cm¢l ARz ol | Al Re] 9lejo] 27| 7
o] %P%E/ﬁ, g%%ﬂ =3l E/d AGEX
CCRTERESLE LS

KES-FB System?] &3] AZ=+= o
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KN-203-LDYAl 9]

st PHVE AFESIQ A, THVE 42 H7F A2
Y E KN-302-SUMMER #]¢f| &]7 AF&3t%ich, 1

,1]_]’1 7Hl:ﬂ- XT‘:'O] bl—/g]o o%

101-WINTER Aol B jsto] PHVE 4Ab=E3t31aL,
THVE 2H2F 971 2| 25 E KN-301-WINTER 49|
oA A&ttt $AE SHEAE 2Y w= KN-
101-SUMMERA] o] t}sto] PHVE 4t&E36F3laL,

THV+ 22 H7F A2 52E KN-
of oA Ab&3}FTh,

301-SUMMER 4]

}\O o O =|—1=0
22 29 gl KN-201-MDY2o] tjste] 7] & o] &0 2 el wovend &S] dA A
g 712 (Primary hand value, PHV)S AF&31%1 Ago g et wovenF B9 9otz EA W 84
1, &% e 3714 (Total hand value, THV)+= 42t NeF knit# =9 ¥4 EAS Table 5, Table 6,
P77} A 25E KN-301-WINTER 2] &7 At&3} Table 7ol YetWlar 1o wE 9a+4 54L& ths
Table 3. Mechanical properties
Property Symbol Characteristics Unit
EMT Extension at maximum load %
, LT Linearity of load—extension curve of - cm/en’
Tensile . .
WT Tensile energy per unit area %
RT Tensile resilience %
B Bending rigidity per unit length f - cm/enf
Bending ) groaiy p u, 9 , of - cn/on
2HB Bending moment of hysteresis per unit length gf - cm/em
G Shear stiffness gf/cm - deg
Shear 2HG Hysteresis of shear force at 0.5deg. of angle gf/cm
2HGH Hysteresis of shear force at 5deg. of angle gf/em
MIU Coefficient of friction -
Surface MMD Mean deviation of MIU -
SMD Geometrical roughness um
LC Linearity of compression thickness curve -
Compression WC Compression energy gf - cm/en
RC Compression resilience %
Thickness T Thickness at 0.5gf/cn’ pressure mm
weight W Weight of specimen per unit area mg/cn’

é]‘;%ﬁéﬁ"7}—g—§L§];{/ XJ/ 31 _71_‘_] X']/ 4%
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Table 4. Experiment conditions
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Property Woven fabrics Knit fabrics
Sample: Fabrics Sample: Fabrics
Sens: 5x5 Sens: 5x5
Velocity: 0.2mm/sec Velocity: 0.1mm/sec
Tensie Elongation: 25mm/10V Elongation: 50mm/10V
Clamp width: 5.0cm Clamp width: 25.0cm
Processing rate: Standard Processing rate: Long rate
Sample width: 20cm Sample width: 20cm
Maximum load: 500.0gf/cm Maximum load: 50.0gf/cm
Meas. mode: One cycle Meas. mode: One cycle
Shear Sample width: 20cm Sample width: 20cm
Shearing angle: 8.0deg Shearing angle: 8.0deg
Shearing weight: 200g Shearing weight: 100g
Sample: Fabrics Sample: Fabrics
) Sens: 2x1 Sens: 2x1
Bending
Meas. mode: One cycle Meas. mode: One cycle
Sample width: 20cm Sample width: 20cm
Sample: Fabrics Sample: Fabrics
Sens: 2x5 Sens: 2x5
) Velocity: 50sec/mm Velocity: 50sec/mm
Compression ) .
Processing rate: Standard Processing rate: Standard
Sample width: 20cm Sample width: 20cm
Maximum load: 50gf/cm? Maximum load: 50gf/cm?
Roughness sens: 2x5 Roughness sens: 2x5
Surface Friction sens: 2x5 Friction sens: 2x5
Tension: 4009 Tension: 200g
i} ot AFNHAN(WT)= 21 Al Azt ol | A gk o]
oty gro] S7HE S w0l SolaiA = Ao R
3.1.1 QIREM SEAZFWTEe] 7HE 2A UEsE AL regular woven
AHEA L 9|59 Fof ot 7o) A% HErr} shEA 7L Bt 2 ghS yehy ok, gy
de Uetlle 2oz o5 28 5 Al & Ao F7he A9 WA e onlshe AolB®
o JgFL m|H| = EAjole, A A A7} Auk WA AL s QR M d o] golst
5247} regular woven®| £} 51221t} ¢ 3 A0l FAEL & 4 1o deniert 2 WA
B LTS A HestaL s 7F 7H e AR7F 242 denier®] WHAAF Bt o1 W o] golFt
B gie. ol LTgto] et 9o o & o 4 9k, olaigt gto] AT E7ke] Wk Swlo
9] sl S i) A7 A Az AR ik AR AR ofvlat
& 38R 7} 7] Q% o,
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Table 5. Mechanical properties of women’ s woven clothing produced by using lightweight spinning yarn

Property Symbol

Control(regular)

Winter clothes Summer clothes

Warp Weft Mean Warp Weft Mean Warp Weft Mean
EMT 4.120 18.400  11.260 9.220 16.150  12.680  10.170  16.540  13.360
Tensile LT 0.641 0.575 0.608 0.718 0.671 0.694 0.610 0.542 0.576
WT 6.600 26.450  16.520 116,550 27.100  21.830 15500  22.400  18.950
RT 56.820  53.500  55.160  56.800  39.300  48.050 41940  37.720  39.830
G 1.390 1.020 1.200 1.480 1.290 1.380 0.500 0.460 0.480
Shear 2HG 1.380 1.100 1.240 3.430 2.250 2.840 0.830 0.700 0.760
2HG5 4.650 4.300 4.480 4.630 4.400 4.520 1.600 1.450 1.530
Bendin B 0.187 0.080 0.134 0.162 0.046 0.104 0.020 0.019 0.023
9 2HB 0.121 0.033 0.077 0.123 0.058 0.091 0.036 0.024 0.030
MIU 0.188 0.212 0.200 0.154 0.188 0.171 0.176 0.185 0.181
Surface MMD 0.010 0.015 0.012 0.010 0.011 0.010 0.027 0.016 0.021
SMD 1.650 2.260 1.960 2.230 2.250 2.240 9.350 5.740 7.540
LC 0.402 0.258 0.247
Compression ~ WC 0.228 0.142 0.145
RC 49.120 61.970 42760
Thickness T 0.737 0.691 0.569
Weight W 26.049 20.641 10.639
3.1.5 Y=EH 3.1.65M% 3
A9 S5 A& 7, Fuay Rt A& FAE FAR U 4% &9 74 7 &9
Zrol THo] Zow E3] F 2o Zupzk HEgg oF 2FoF B regulardEL 35,35, YALS A
S, B 5ol 992 = o5y SR 45 AR A BEA = 29.87, 74 - YA B A
ARPALC), d=gol tgt ¥E& et g5y AR AZSE A= 18.709] 44 7HA B2 e
A(WC), h=HF o] dieh 359 J=& Ue= ¢ AE AT A AL Eel A HE G 4 e
YA AARC) T 847 o]Fo|A it
FEA 9} sHR Ao A, dFAHAY g (1) 44822 7§t woven 2]&E9] oste EA4
Aol Apol 5 HolA] ¢kal 9oy regulardERH = Table 5= AFFHAA 9 t}7| 574 ©d 27 & o]
S S VA ER FEA 9 SRR 9 27]¢E oY &sto] ek o8 F5A wovenZl &} 140§ 5t
U=oll ek ¥ E o] Aoz HolA] grov} A A AL A woven?d &9 o4 54 W3} & A, Ad,
£ AHEsto] Al ARE A&0] regulardEHE = 2719 w, O, xU 59 54 A& S sto] AEEAA
o] pdsirial gztEd £ AHESHA] gL ARt A ALS ARE-SEo] A A g reg-
e AEHF o] it 35 Y= s UE= o ular woven?l&9] osta] A4 3}ke} vl s}kqlct
% A Qe das HEATL sl R A 2 e 7t
A AL denier7t 2 HAAE AHSF HBo| 4% (2) S0 2 A woven M B9 oy B4
WRALS] ALg G U 2 ZHgehs o A7 Table 6& AFHAA 4 17154 2d 242 o]
Hr} gato] Mgt W4 S84 wovend B A4 ot
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Table 6. Mechanical properties of men’s woven clothing produced by using lightweight spinning yarn

Control(regular)

Winter clothes

Summer clothes

Property Symbol

Warp Weft Mean Warp Weft Mean Warp Weft Mean
EMT 4.120 18.400  11.260 7.150 7.000 7.070 6.610 8.520 7.570
Tensile LT 0.641 0.575 0.608 0.755 0.949 0.852 0.799 0.716 0.758
WT 6.600 26.450  16.520 13,500  16.600  15.050 13,200  15.250  14.230
RT 56.820  53.500  55.160 45190  37.050 41,120 51,140  43.930  47.530
G 1.390 1.020 1.200 3.270 3.220 3.240 1.170 1.040 1.110
Shear 2HG 1.380 1.100 1.240 5.580 4,730 5.150 2.750 1.800 2.280
2HG5 4.650 4.300 4.480 10.800 9.500 10.150 4.300 3.800 4.050
Bendin B 0.187 0.080 0.134 0.200 0.138 0.169 0.038 0.031 0.035
9 2HB 0.121 0.033 0.077 0.211 0.154 0.182 0.036 0.048 0.042
MIU 0.188 0.212 0.200 0.180 0.177 0.178 0.136 0.145 0.141
Surface MMD 0.010 0.015 0.012 0.015 0.014 0.014 0.022 0.012 0.017
SMD 1.650 2.260 1.960 3.050 2.130 2.590 5.410 1.660 3.540
LC 0.402 0.432 0.331
Compression ~ WC 0.228 0.308 0.105
RC 49.120 78.570 84.760
Thickness T 0.737 0.798 0.376
Weight W 26.049 25.445 10.441
2] wovenZ| &9 qohA EA4 ¥3l & A, A, Table 8 A WA A th7] 54 TE 24 & ol
9, %, 29 50 54 A8 24slol APHAN goto] AUt 04§ $BA wovenH] B} o444 3}
2 A T Aut AAE ALgele] AT o] BA] wovendBe| J5HY B4 A5 4§ FEAR
€ 54 regular woven?| & 9| Hoha EAHstet 2

J = 27 E o
g3to] el A48 FEA knitAET A4 st
A knitZ&E 9 948 inner 54| knit2&2] 93}
2 EAwstel A, A, w9, 45, 19 59 A4
A5 ZA5to HRFLAALE AR okl Uyt BHA
AHE AHESEO] AR o 8 55 4] regular knit?
E9| dshx EAJwstel vlwstylct

3.2 ZFLHN A 7[Sd e
ExE EfE7L
3.2.1 01482z JHiLst wovenZiE2| EfET}

ATHE O[3t JHet ziZe)

[ =

i

§}£§&’7}%§L§/X/ ZJ/ 31 _71_‘_] X']/ 4%

SFRIL, THVE @2 H7F A 25 ¥ KN-301-WIN-
TER Ao YA AFEst3ieh. o448 A= KN-
203-LDY4] o] tfyste] PHVE AH&3t4laLl, THVE
7t 7k A 2 %€ KN-302-SUMMER 4]of 9]7
kst o] Ao W& 2t B7F Ao+ Stiff-
ness(Koshi), Smoothness(Numeri), Fullness and
Softness(Fukurami), Softness and Smoothness
(Sofutosa)®] 4¢5o0] EFHE T}

(1) Stiffness(Koshi)
Stiffness(Koshi)= w847 e =702 &
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Table 7. Mechanical properties of man and women’ s knit clothing produced by using lightweight spinning yarn

Property

Symbol

Control
(regular)

Women's

winter clothes

Women’s
summer clothes

Men’s inner
winter clothes

Wale

Course

Mean

Wale Course Mean

Wale

Course

Mean

Wale Course Mean

Tensile

EMT
LT
WT
RT

3.610
0.720
0.650
61.540

6.250
0.672
1.050
71.430

4.930
0.676
0.850
66.490

6.640
0.723
1.200
70.830

8.200
0.756
1.550
54.840

7.420
0.739
1.380
62.830

7.120
0.646
1.150
60.870

12.590
0.731

2.300
58.700

9.850
0.689
1.720
59.780

11.030
1.070
2.950
50.850

13.760
1.090
3.750
49.330

12.400
1.080
3.350
50.090

Shear

G
2HG
2HGS

0.820
1.280
1.830

0.760
1.500
2.130

0.790
1.390
1.980

0.840
1.700
2.280

0.780
1.600
2.350

0.810
1.650
2.320

0.750
1.700
1.950

0.630
1.580
2.000

0.690
1.640
1.980

1.510
5.030
5.650

1.370
4.900
5.000

1.440
4.970
5.320

Bending

2HB

0.051
0.043

0.025
0.014

0.038
0.028

0.110
0.080

0.074
0.038

0.092
0.059

0.038
0.031

0.021
0.015

0.029
0.023

0.429
0.494

0.192
0.191

0.310
0.343

Surface

MIU
MMD
SMD

0.159
0.008
3.260

0.217
0.023
4.320

0.188
0.015
3.790

0.153
0.013
2.710

0.229
0.022
6.600

0.191
0.017
4.660

0.178
0.011
4.840

0.222
0.016
4.640

0.200
0.013
4,740

0.200
0.011
3.130

0.214
0.015
3.360

0.207
0.013
3.240

Compres—
sion

LC
WC
RC

0.871
0.368
38.860

0.812
0.402
59.950

0.435
0.210
51.430

0.383
0.243
38.680

Thickness

T

0.674

1.211

0.881

1.345

Weight

W

13.051

27.803

14.973

37.230
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(3) Fullness and Softness(Fukurami

F3 5

Y
flo oy

Fullness and softness(Fukurami)+=
v Rt gYA e ddeE 45549 9
o] Hh=t},

7 - YA B5F regulary A ALE AFE-3lo] A 2%t
regular® =9 fullness and softness®] #FEth ¢
AHE BB AAE AHESE] A ARE 529 full-
ness and softnessgto] =7 UL 7 - QA 5
B AAE ARESEo] A2 g 1A 9] fullness
and softnessgtol 7 =4 Uetyleh, oloF &2 4
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Table 8. Primary hand value and total hand value of women’s woven clothing produced by using lightweight

spinning yarn

Kind of fabrics Koshi Numeri Fukurami Sofutosa T.H.V
Control(regular) 6.350 5.310 5.360 2.860 3.490

Winter clothes 5.700 5.960 5.550 3.860 3.760
Summer clothes 4,710 7.570 9.830 - 0.590
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Table 9. Primary hand value and total hand value of men’ s woven clothing produced by using lightweight spin—

ning yarn
Kind of fabrics Koshi Numeri Fukurami Sofutosa T.H.V
Control(regular) 6.350 5.310 5.360 2.860 3.490
Winter clothes 6.630 5.540 7.180 - 3.590
Summer clothes 0.890 0.050 2.770 1.240 0.080
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Table 10. Primary hand value and total hand value of man and women’ s knit clothing produced by using light—
weight spinning yarn

Kind of fabrics Koshi Numeri Fukurami Sofutosa T.H.V
Control(regular) 4.730 4.310 3.340 2.680 2.560
Women's winter clothes 5.950 4.040 3.670 3.340 2.710
Women' s summer clothes 5.650 7.530 9.370 - 1.550
Men’s winter clothes 7.660 4.050 3.640 - 2.690
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