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Fig. 1-1
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Fig. 1-1 Main parts of fastener 
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1891 Whitcomb. L. Judson

1893 Whitcomb. L. Judson Harry Earl

Universal Fastener Company 1905

Fig. 1-2 The Original [1]  
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Fig. 1-2 “The Original” (http://www.ykkfastening.com/japan/) 

 

 

(a)                            (b) 

 
(c) 

Fig. 1-3 Three kinds of major fastener (http://www.ykkfastening.com/japan/) 

 (a) Metal fastener, (b) VISLON® fastener, (c) Coil fastener 
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JIS S 3015 Fig. 1-4 (a) Fig. 

1-4 (b)

 

 

Fig. 1-5 (a) ® YKK

1940

1950  

Fig. 1-5 (b) YKK

 

Fig. 1-5 (c) ® YKK
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(a) 

 

(b) 

Fig. 1-4 Test for fastener (JIS S 3015) 

(a) Chain crosswise strength, (b) Reciprocating endurance 
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(a) 

 
(b) 

 
(c) 

 

Fig. 1-5 Handling-enhanced fastener (http://www.ykkfastening.com/japan/) 

(a) “Old American®”, (b) “Cotton touch tape fastener”, (c) “Alcantara® tape fastener” 
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[3]

JIS L 0122 [4]

Fig. 1-6 (a)

Fig. 1-6 (b)

 

Fig. 1-7

 

Fig. 1-8 3

Fig. 1-8 (a) Fig. 1-8 (b) Fig. 1-8 (c)
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(a) 

 

 
(b) 

 

Fig. 1-6 (a) Fstener sewn to the back side of ladies’ wear 

(b) Action which the fastener rubs on skin 
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Fig. 1-7 Knitted tape for fastener 
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(a) 

 

(b) 

 

(c) 

 

Fig. 1-8 Schematic diagram of warp-knitting stitch of knitted tape 

(a) Single satin stitch, (b) Chain stitch, (c) Single tricot stitch 
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(a)                                  (b) 

 

 

(c)                                  (d) 

 

Fig. 1-9 KES system 

(a) Tensile /Shear tester, (b) Bending tester, (c) Compression tester, (d) Surface tester 
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3 1

Fig. 2-1

YKK  

Table 2-1

5

yarn-1 yarn-2 yarn-3 yarn-4 yarn-5  

Table 2-1 yarn-1 FDY Fully Drawn Yarn

yarn-2 yarn-1

FDY

yarn-3 yarn-1

FDY

yarn-4 DTY Draw Textured Yarn

DTY FDY JIS L 1013 30

yarn-5

yarn-4 DTY

 

5 Table 2-2

5 S1 S2 S3 S4 S5

yarn-1  

170±5 30 25±4 65±5%RH  
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Fig. 2-1 Schematic diagram of single satin stitch 

Table 2-1 Details of polyester multifilament yarns 

 yarn-1 yarn-2 yarn-3 yarn-4 yarn-5 

Apparent fineness (dtex) 110 

Spinning process FDY DTY 

Number of filament 36 24 24 34 72 

Tensile strength (cN/dtex) 4.02 5.64 6.05 3.75 3.98 

Elongation percentage (%) 36.7 23.3 18.6 24.0 24.2 

Crimp recovery rate (%) 0.5 0.4 0.4 17.8 14.8 

Dry heating dimensional 

change ratio at 170  (%) 
8.3 6.2 11.0 4.4 6.2 

Table 2-2 Tapes 

 S1 S2 S3 S4 S5 

Single satin stitch yarn-1 yarn-2 yarn-3 yarn-4 yarn-5 

Chain stitch 
yarn-1 

Single tricot stitch 



27 
 

[7] 4

11

20 7

 

5 [8]

18 7

 

+3  

+2  

  +1  

   0  

   -1  

   -2  

 -3  

13 20 4 30 3

40 3 50 3

Fig. 2-2

[9~12]  



28 
 

Fig. 2-2 (a)

 

Fig. 2-2 (a)

 

Fig. 2-2 (b)

 

Fig. 2-2 (c)

 

Fig. 2-2 (d)

 

Fig. 2-2 (e)

 

 

23 ±2 50±4%R.H.
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(a)                                        (b) 

 

 

(c)                                        (d) 

 

 

(e) 

 

Fig. 2-2 Finger motion in sensory evaluation 
(a) Press/Slide, (b) Pinch, (c) Stretch, (d) Bend, (e) Release  
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13

I-SCAN100 (0.5K)

 

Fig. 2-3 (a)

3 Fig. 

2-3 (b) 3  

13 Table 

2-3 Table 2-3 13 E

M 4.0gf/cm2 3.9 102Pa L 31.0gf/cm2 3.0

103Pa 11.7gf/cm2 1.1 103Pa  

Table 2-3 13 4.0gf/cm2 3.9 102Pa 768.0gf/cm2 7.5 104Pa

Table 2-3

A F H

5%

A F H 10

4.0gf/cm2 3.9 102Pa 123.0gf/cm2 1.2 104Pa 23.9gf/cm2

2.3 103Pa  
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(a) 

 

(b) 

 

Fig. 2-3 Measurement of contact pressure between finger and tape  
during each finger motion 

(a) Slide, (b) Pinch 
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Table 2-3 Results of contact pressure measurement for each finger motion 

Panel 
Pressure in sliding (gf/cm2) Pressure in pinching (gf/cm2) 

Minimum Average Maximum Minimum Average Maximum 

A 10.0 14.5 25.0 4.0 370.3* 768.0* 

B 5.0 8.1 15.0 4.0 9.6 18.0 

C 7.0 12.7 22.0 4.0 25.6 51.0 

D 7.0 10.7 18.0 4.0 17.9 38.0 

E 4.0 6.9 18.0 4.0 21.7 61.0 

F 5.0 8.5 15.0 4.0 117.4* 307.0* 

G 5.0 9.9 29.0 4.0 19.9 38.0 

H 9.0 13.9 22.0 4.0 85.9* 199.0* 

I 5.0 12.0 23.0 4.0 38.1 85.0 

J 15.0 19.4 29.0 4.0 45.9 123.0 

K 5.0 9.7 18.0 4.0 28.9 59.0 

L 10.0 18.4 31.0 4.0 16.7 35.0 

M 4.0 7.1 14.0 4.0 14.3 28.0 

*outlier (5% significant) 
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23±2 50±4%R.H. 24

 

KES-FB1-A

 

Fig. 2-4 4 LT

WT RT EMT 500gf/cm

1 10

1.3cm× 20cm 1 0.05mm/sec

50mm

 

 

 

Fig. 2-4 Tensile property 
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KES-FB2-S

2.5cm-1  

Fig. 2-5 6 B+ 0.5 1.5cm-1

B- -0.5 -1.5cm-1

BM B+ B- 2HB+ 1.0cm-1

2HB- -1.0 cm-1
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1 10 1.3cm× 7cm

1

 

 

 
Fig. 2-5 Bending property 
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KES-G5

1cm2 0.02mm/sec

23.9gf/cm2

25gf/cm2  

Fig. 2-6 5 LC

WC RC T0 0.5gf/cm2

TM 25gf/cm2

1 10 1.3cm× 10cm

1

 

 

 
Fig. 2-6 Compression property 
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KES-SE-SR-U 1.3cm×

5cm Fig. 2-7 2

MIU MMD  

Fig. 2-8 25gf 5mm/sec

Fig. 2-9 Fig. 2-9

5

 

Fig. 2-10

10mm

 

2.5gf 0.79cm2

3.2gf/cm2 3.1 102Pa

4.0gf/cm2 3.9 102Pa

5 MIU
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5mm/sec 30mm 20mm

DL850

5kHz  

1

1 10  
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Fig. 2-7 Friction property 
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(a) 

 

(b) 

 

Fig. 2-8 Standard friction contactor 
(a) Side, (b) Bottom 
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(a)                               (b) 

 

(c)                               (d) 

 

(e) 

 

Fig. 2-9 Results of friction property measured by standard friction contactor  
(a) S1, (b) S2, (c) S3, (d) S4, (e) S5 
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(a) 

 

(b) 

 

Fig. 2-10 Experimental friction contactor 
(a) Side, (b) Bottom 
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KES-SE-SR-U 1.3cm×

20cm 0.5mm

10gf 5mm/sec 30mm 20mm

 

Fig. 2-11 SMD

DL850

5kHz 1

1

10  

 

 

Fig. 2-11 Roughness property 
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FR-07

1.3cm× 5cm Fig. 2-12

qmax 33.8

1 10  

 

 

Fig. 2-12 Thermal property 
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VA-06 1.3cm×

5cm mc JIS L 1096

1 5   
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S1 S4 S5

3

Fig. 2-13 3  

Fig. 2-13 (a) A B B B

C C A C

A 3  

Fig. 2-13 (b) B C C C

A A A B

3  

Fig. 2-13 (c) A B B C

A C A

3  

13 4 1
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(a) 

 

 

(b) 

 

 

(c) 

 

Fig. 2-13 Definition of circular triad 



46 
 

2 ( )

(2.1) [8]  

(2.1) 

 

 

 

 

 

 

 

 

0  

(2.2) [8]  

(2.2) 

 

 

 

 

 

 

 

 



47 
 

F0 Table 2-4  

Table 2-4

1%
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Table 2-4 Variance ratio (F0) for mean preference scores of each adjective 

 Main effect Individual effect Combination effect 

warm  3.76** 1.67 0.79 

shittori  9.73** 2.86** 2.24 

dry  25.95** 3.30** 2.24 

smooth  5.39** 4.01** 1.24 

flat  4.71** 3.49** 0.82 

easy to slide  17.95** 3.07** 1.57 

thin  32.13** 1.63 1.34 

not stretch  3.14* 2.57** 0.62 

soft  1.33 2.31** 1.07 

flexible  1.52 2.79** 0.29 

elastic  1.39 1.35 4.38** 

refresh  14.47** 1.63 1.29 

not hari  1.90 0.99 1.59 

not koshi  2.94* 1.85* 2.43* 

conservative  7.00** 1.83* 0.89 

high-class  7.09** 3.01** 1.19 

good in touch  4.85** 3.23** 0.66 

comfortable on skin  6.65** 3.35** 0.50 

**1% significant *5% significant 
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Table 2-4

13

[8]

1 ( ) ( )

[8] 99% 95% Table 

2-5  

Table 2-5 S1 S4

S5 1% S1 S4

S5

 

Table 2-5 FDY S1 S2

S3

DTY S4 S5

DTY

S4

DTY S5

 

 

 

 

 

 

 

 

 

 



50 
 

 

 

Table 2-5 Mean preference scores of each adjective 

S1 S2 S3 S4 S5 

warm 

 

-0.13 -0.09 -0.11 0.18 0.16 

(**S4,5) (*S4,5) (**S4),(*S5) (**S1,3),(*S2) (**S1),(*S2,3) 

shittori 

 

-0.24 -0.42 0.00 -0.07 0.73 

(**S5) (**S5),(*S3,4) (**S5),(*S2) (**S5),(*S2) (**S1,2,3,4) 

dry 

 

0.18 0.53 0.56 -0.58 -0.69 

(**S4,5),(*S2,3) (**S4,5),(*S1) (**S4,5),(*S1) (**S1,2,3) (**S1,2,3) 

smooth 

 

0.13 -0.02 0.20 -0.51 0.20 

(**S4) (**S4) (**S4) (**S1,2,3,5) (**S4) 

flat 

 

0.16 0.09 0.24 -0.49 0.00 

(**S4) (**S4) (**S4) (**S1,2,3,5) (**S4) 

easy to slide 

 

0.27 0.22 0.42 -0.91 0.00 

(**S4) (**S4) (**S4),(*S5) (**S1,2,3,5) (**S4),(*S3) 

thin 

 

0.67 0.64 0.40 -0.82 -0.89 

(**S4,5) (**S4,5) (**S4,5) (**S1,2,3) (**S1,2,3) 

not stretch 

 

-0.09 -0.18 0.04 0.29 -0.07 

(**S4) (**S4)  (**S1,2,5) (**S4) 

refresh 

 

0.22 0.40 0.24 -0.69 -0.18 

(**S4,5) (**S4,5) (**S4,5) (**S1,2,3,5) (**S1,2,3,4) 

conservative 

 

0.24 0.24 0.18 -0.33 -0.33 

(**S4,5) (**S4,5) (**S4,5) (**S1,2,3) (**S1,2,3) 

high-class 

 

-0.24 -0.27 -0.20 0.22 0.49 

(**S4,5) (**S4,5) (**S5),(*S4) (**S1,2),(*S3) (**S1,2,3) 

good in touch 

 

-0.24 -0.20 -0.07 0.00 0.51 

(**S5) (**S5) (**S5) (**S5) (**S1,2,3,4) 

comfortable on skin 

 

-0.13 -0.27 -0.16 0.00 0.56 

(**S5) (**S5) (**S5) (**S5) (**S1,2,3,4) 

**1% significant *5% significant 
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Table 2-6
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Table 2-6 Correlation coefficients among each adjective 

warm shittori 
 

dry 
 

smooth 
 

flat 
 

easy to slide thin 
 

not stretch
 

refresh conservative
 

high-class good in touch

warm 
 -            

shittori 
 0.637 -           

dry 
 -0.935* -0.695 -          

smooth 
 -0.532 0.297 0.391 -         

flat 
 -0.810 -0.085 0.716 0.921* -        

easy to slide 
 -0.812 -0.105 0.729 0.912* 0.998** -       

thin 
 -0.984** -0.741 0.939* 0.420 0.729 0.740 -      

not stretch 
 0.578 0.090 -0.481 -0.742 -0.773 -0.805 -0.590 -     

refresh 
 -0.899* -0.396 0.863 0.732 0.921* 0.940* 0.885* -0.844 -    

conservative 
 -0.989** -0.714 0.950* 0.454 0.757 0.768 0.999** -0.598 0.900* -   

high-class 
 0.935* 0.862 -0.939* -0.203 -0.563 -0.571 -0.966** 0.377 -0.754 -0.960** -  

good in touch 
 0.741 0.972** -0.745 0.168 -0.207 -0.215 -0.811 0.093 -0.454 -0.788 0.919* - 

comfortable on skin
 0.730 0.963** -0.817 0.175 -0.221 -0.233 -0.798 0.066 -0.478 -0.783 0.924* 0.969**

**1% significant *5% significant 
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Table 2-5 13

Table 2-7

Fig. 2-14 Table 2-7 Table 2-5 13

Fig. 2-14 1 2  

2 1

9.1 70.2% 2 3.4 25.9%

1.0 80%   

Fig. 2-14 1

2

 

Fig. 2-15 Fig. 

2-15 FDY S1 S2 S3

DTY S4

Fig. 2-16 X CT S4

S5 S1 S2 S3

Table 2-1

FDY DTY   

DTY

S5 [13]

 

 

 

 



 

54 
 

 

 

 

 

 

Table 2-7 Principal component loadings 

 1st principle component 2nd principle component 

warm  -0.9885 -0.0054 

shittori  -0.6664 0.7252 

dry  0.9572 -0.1119 

smooth  0.5089 0.8441 

flat  0.7992 0.5826 

easy to slide  0.8104 0.5778 

thin  0.9914 -0.1019 

not stretch  -0.6370 -0.5817 

refresh  0.9304 0.3349 

conservative  0.9966 -0.0670 

high-class  -0.9399 0.3370 

good in touch  -0.7389 0.6575 

comfortable on skin  -0.7460 0.6568 
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Fig. 2-14 Principal component loadings 

 

 

 

 

 

 



 

56 
 

 

 

 

 

 

 

Fig. 2-15 Principal component scores 
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(a) 

 

 
(b) 

 

 
(c) 
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(d) 

 

 
(e) 

 

Fig. 2-16 X-ray CT images (Range : 5mm 5mm) 
(a) S1, (b) S2, (c) S3, (d) S4, (e) S5 
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Fig. 2-17 Fig. 2-18 Fig. 

2-19 Fig. 2-20

Fig. 2-21

Fig. 2-22 Fig. 2-23

 

Table 2-8  
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(a)                                (b) 

 

(c)                                (d) 

 

(e) 

 

Fig. 2-17 Results of tensile property 
(a) S1, (b) S2, (c) S3, (d) S4, (e) S5 
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(a)                                (b) 

 

(c)                                (d) 

 

(e) 

 

Fig. 2-18 Results of bending property 
(a) S1, (b) S2, (c) S3, (d) S4, (e) S5 
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(a)                                (b) 

 

(c)                                (d) 

 

(e) 

 

Fig. 2-19 Results of compression property 
(a) S1, (b) S2, (c) S3, (d) S4, (e) S5 
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      (a)                                   (b) 

 

      (c)                                   (d) 

 

(e) 

 

Fig. 2-20 Results of friction property measured in the direction of the end of knitting 
by experimental friction contactor 

(a) S1, (b) S2, (c) S3, (d) S4, (e) S5 
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      (a)                                   (b) 

 

      (c)                                   (d) 

 

(e) 

 

Fig. 2-21 Results of friction property measured in the direction of the beginning of knitting 
by experimental friction contactor 

(a) S1, (b) S2, (c) S3, (d) S4, (e) S5 
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    (a)                                  (b) 

 

    (c)                                  (d) 

 

(e) 

 

Fig. 2-22 Results of roughness property measured in the direction of the end of knitting 
(a) S1, (b) S2, (c) S3, (d) S4, (e) S5 
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    (a)                                  (b) 

 

    (c)                                  (d) 

 

(e) 

 

Fig. 2-23 Results of roughness property measured in the direction of the beginning of knitting 
(a) S1, (b) S2, (c) S3, (d) S4, (e) S5 

 



 

67 
 

Table 2-8 Results of physical properties 

 

S1 S2 S3 S4 S5 

Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D. 

LT (-)** 
0.814 0.026 0.860 0.040 0.819 0.034 0.841 0.049 0.795 0.022 

 (**S5)   (**S2) 

WT (gf cm/cm2)** 
2.13 0.09 2.52 0.20 2.30 0.13 2.45 0.16 2.18 0.09 

(**S2,4) (**S1,5),(*S3) (*S2) (**S1,5) (**S2,4) 

RT (%)* 
81.40 1.90 77.75 2.47 79.11 1.27 79.77 1.65 80.08 3.87 

(*S2) (*S1)    

EMT (%)** 
1.07 0.05 1.19 0.04 1.14 0.04 1.17 0.03 1.13 0.06 

(**S2,4),(*S3,5) (**S1) (*S1) (**S1) (*S1) 

B+ (gf cm2/cm) 0.191 0.007 0.193 0.004 0.187 0.007 0.198 0.010 0.190 0.009 

B- (gf cm2/cm) 0.363 0.023 0.339 0.013 0.354 0.011 0.361 0.014 0.357 0.014 

BM (gf cm2/cm) 0.277 0.012 0.265 0.009 0.270 0.007 0.280 0.011 0.274 0.010 

2HB+ (gf cm/cm)** 
0.154 0.008 0.154 0.006 0.140 0.014 0.172 0.013 0.164 0.008 

(**S4) (**S4) (**S4,5) (**S1,2,3) (**S3) 

2HB- (gf cm/cm)** 
0.192 0.019 0.213 0.012 0.183 0.014 0.217 0.011 0.198 0.018 

(*S4) (**S3) (**S2,4) (**S3),(*S1)  

2HBM (gf cm/cm)** 
0.173 0.011 0.184 0.009 0.161 0.009 0.194 0.008 0.181 0.010 

(**S4) (**S3) (**S2,4,5) (**S1,3) (**S3) 

LC (-)** 
0.511 0.052 0.509 0.056 0.447 0.085 0.577 0.051 0.571 0.038 

  (**S4,5) (**S3) (**S3) 

WC (gf cm2)** 
0.056 0.009 0.052 0.005 0.039 0.002 0.070 0.005 0.059 0.003 

(**S3,4) (**S3,4) (**S1,2,4,5) (**S1,2,3,5) (**S3,4) 

RC (%)* 54.60 4.77 56.89 2.76 57.69 3.22 58.79 2.37 58.98 1.26 

T0 (mm)** 
0.527 0.013 0.534 0.010 0.511 0.010 0.595 0.009 0.557 0.008 

(**S4,5),(*S3) (**S3,4,5), (**S2,4,5),(*S1) (**S1,2,3,5) (**S1,2,3,4) 

TM (mm)** 
0.439 0.002 0.451 0.003 0.440 0.002 0.499 0.003 0.473 0.003 

(**S2,4,5) (**S1,3,4,5) (**S2,4,5) (**S1,2,3,5) (**S1,2,3,4) 

MIU (-)** 
0.977 0.017 0.964 0.018 0.945 0.016 1.070 0.042 1.052 0.032 

(**S3,4,5) (**S4,5) (**S1,4,5) (**S1,2,3) (**S1,2,3) 

MMD (-)** 
0.047 0.007 0.047 0.005 0.040 0.003 0.059 0.003 0.051 0.005 

(**S3,4) (**S3,4) (**S1,2,4,5) (**S1,2,3,5) (**S3,4) 

SMD ( m)** 
18.71 0.84 18.18 0.72 18.36 0.90 14.64 0.45 15.11 0.62 

(**S4,5) (**S4,5) (**S4,5) (**S1,2,3) (**S1,2,3) 

qmax (-)** 
0.161 0.008 0.157 0.007 0.152 0.008 0.139 0.005 0.149 0.005 

(**S4,5),(*S3) (**S4) (**S4),(*S1) (**S1,2,3),(*S5) (**S1),(*S4) 

mc (%) 0.209 0.016 0.192 0.019 0.202 0.008 0.205 0.017 0.178 0.020 

**1% significant *5% significant 
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Table 2-8 15

LT WT RT EMT 2HB+ 2HB- 2HBM LC WC T0 TM MIU MMD

SMD qmax Table 2-4

8

Table 

2-9  

Table 2-8 DTY

S4 S5 FDY S1 S2 S3

qmax Table 2-9

qmax

Table 2-5

FDY DTY

Table 2-9 T0 TM

 

Table 2-8 DTY S4 S5 FDY

S1 S2 S3 TM

Table 2-9 TM

 

Table 2-8 DTY S4 S5 FDY

S1 S2 S3 MIU

MMD DTY

MIU

SMD

MMD
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FDY

MMD

 

5 EMT 1.07% 1.19% 0.54mm

0.60mm  
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Table 2-9 Correlation coefficients between physical properties and  
mean preference scores of each adjective 

 
warm 

 

shittori 
 

dry 
 

smooth 
 

flat 
 

easy to 
slide 

 

thin 
 

not 
stretch 

 

LT -0.186 -0.796 0.413 -0.585 -0.273 -0.230 0.335 0.064 

WT 0.097 -0.516 0.215 -0.638 -0.413 -0.371 0.032 0.227 

RT 0.103 0.289 -0.427 0.120 -0.056 -0.102 -0.179 0.171 

EMT 0.354 -0.158 -0.016 -0.558 -0.461 -0.420 -0.253 0.255 

2HB+ 0.850 0.277 -0.865 -0.700 -0.886* -0.876 -0.766 0.460 

2HB- 0.505 -0.258 -0.354 -0.812 -0.763 -0.721 -0.343 0.262 

2HBM 0.695 -0.028 -0.610 -0.808 -0.863 -0.833 -0.557 0.356 

LC 0.868 0.430 -0.910* -0.537 -0.782 -0.771 -0.799 0.323 

WC 0.759 0.163 -0.813 -0.717 -0.868 -0.861 -0.668 0.451 

T0 0.896* 0.247 -0.831 -0.827 -0.977** -0.973** -0.821 0.678 

TM 0.944* 0.351 -0.836 -0.781 -0.953* -0.950* -0.886* 0.703 

MIU 0.963** 0.551 -0.975** -0.578 -0.849 -0.854 -0.934* 0.568 

MMD 0.853 0.217 -0.838 -0.786 -0.942* -0.934* -0.767 0.563 

SMD -0.999** -0.621 0.930* 0.554 0.825 0.828 0.983** -0.608 

qmax -0.852 -0.384 0.678 0.697 0.836 0.848 0.847 -0.864 

**1% significant *5% significant 
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5 DTY FDY

TM MIU

MMD qmax  
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3 1

Fig. 3-1

2 Table 3-1

5

yarn-1 yarn-2 yarn-3 yarn-4 yarn-5 Table 3-2

5 C1 C2 C3 C4 C5

yarn-1 C1~C5 X CT Fig. 3-2  

170±5 30 25±4 65±5%RH  
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Fig. 3-1 Schematic diagram of chain stitch 

Table 3-1 Details of polyester multifilament yarns 

 yarn-1 yarn-2 yarn-3 yarn-4 yarn-5 

Apparent fineness (dtex) 110 

Spinning process FDY DTY 

Number of filament 36 24 24 34 72 

Tensile strength (cN/dtex) 4.02 5.64 6.05 3.75 3.98 

Elongation percentage (%) 36.7 23.3 18.6 24.0 24.2 

Crimp recovery rate (%) 0.5 0.4 0.4 17.8 14.8 

Dry heating dimensional 
change ratio at 170  (%) 

8.3 6.2 11.0 4.4 6.2 

Table 3-2 Tapes 

 C1 C2 C3 C4 C5 

Single satin stitch yarn-1 

Chain stitch yarn-1 yarn-2 yarn-3 yarn-4 yarn-5 

Single tricot stitch yarn-1 
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(a) 

 

 
(b) 

 

 
(c) 
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(d) 

 

 
(e) 

 

Fig. 3-2 X-ray CT images (Range : 5mm 5mm) 
(a) C1, (b) C2, (c) C3, (d) C4, (e) C5 
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23 ±2 50±4%R.H.

24
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Fig. 3-3 KE-2

 

10cm 1 3cN 2.5 /sec

 

1 2 1 2

23±2 50±4%R.H. 24

 

 

 
Fig. 3-3 Thermal stress tester 
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1 10

1 10

23±2 50±4%R.H. 24

 

KES-FB1-AUTO-A

1.3cm 20cm

0.05mm/sec 50mm  

4 LT WT

RT EMT 500gf/cm

 

KES-FB2-S 1.3cm

7cm

2.5cm-1  

6 B+ 0.5 1.5cm-1

B- -0.5 -1.5cm-1

BM B+ B- 2HB+ 1.0cm-1

2HB- -1.0 cm-1

2HBM 2HB+ 2HB-  
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KES-G5 1.3cm

10cm

1cm2 0.02mm/sec

2

23.9gf/cm2 25gf/cm2  

5 LC WC

RC T0 0.5gf/cm2

TM 25gf/cm2  

KES-SE-SR-U 1.3cm

5cm

 

Fig. 3-4 2

2 2.5gf

20.0gf 40.4gf 60.2gf

MMD 5 F 1.63

20.59 1.31 40.4gf F

40.4gf 5.0 103Pa 2 10mm

5mm/sec 30mm

20mm  

2 MIU

MMD

DL850 5kHz  
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Fig. 3-4 Friction contactor 
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KES-SE-SR-U 1.3cm

20cm

 

0.5mm 1gf 5mm/sec

30mm 20mm 1gf

1gf 5gf 10gf SMD 5

F 23.66 8.45 1.22 1gf

F  

SMD

DL850 5kHz
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Fig. 3-5 Fig. 3-5

yarn-2 yarn-1

yarn-3 yarn-1

200  

yarn-4 yarn-5 yarn-2

 

Fig. 3-5 170

yarn-1 0.28cN/dtex yarn-2 0.14cN/dtex yarn-3 0.23cN/dtex yarn-4 0.06cN/dtex

yarn-5 0.12cN/dtex  
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Fig. 3-5 Results of thermal stress test of each yarn used in chain stitch 
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Fig. 3-6 Fig. 3-7 Fig. 

3-8 Fig. 3-9

Fig. 3-10

Fig. 3-11 Fig. 3-12

 

Table 3-3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

91 
 

 

(a)                                (b) 

 

(c)                                (d) 

 

(e) 

 

Fig. 3-6 Results of tensile property 
(a) C1, (b) C2, (c) C3, (d) C4, (e) C5 
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(a)                                (b) 

 

(c)                                (d) 

 

(e) 

 

Fig. 3-7 Results of bending property 
(a) C1, (b) C2, (c) C3, (d) C4, (e) C5 
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(a)                                (b) 

 

(c)                                (d) 

 

(e) 

 

Fig. 3-8 Results of compression property 
(a) C1, (b) C2, (c) C3, (d) C4, (e) C5 
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      (a)                                   (b) 

 

      (c)                                   (d) 

 

(e) 

 

Fig. 3-9 Results of friction property measured in the direction of the end of knitting 
by experimental friction contactor 

(a) C1, (b) C2, (c) C3, (d) C4, (e) C5 
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      (a)                                   (b) 

 

      (c)                                   (d) 

 

(e) 

 

Fig. 3-10 Results of friction property measured in the direction of the beginning of knitting 
by experimental friction contactor 

(a) C1, (b) C2, (c) C3, (d) C4, (e) C5 
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    (a)                                  (b) 

 

    (c)                                  (d) 

 

(e) 

 

Fig. 3-11 Results of roughness property measured in the direction of the end of knitting  
(a) C1, (b) C2, (c) C3, (d) C4, (e) C5 

 



 

97 
 

 

    (a)                                  (b) 

 

    (c)                                  (d) 

 

(e) 

 

Fig. 3-12 Results of roughness property measured in the direction of the beginning of knitting 
(a) C1, (b) C2, (c) C3, (d) C4, (e) C5 
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Table 3-3 Results of mechanical properties 

 

C1 C2 C3 C4 C5 

Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D. 

LT (-)** 
0.812 0.056 0.781 0.021 0.768 0.016 0.751 0.027 0.812 0.024 

(**C4)   (**C1),(*C5) (*C4) 

WT (gf cm/cm2)** 
2.12 0.09 2.45 0.15 2.08 0.10 3.02 0.14 2.68 0.13 

(**C2,4,5) (**C1,3,4,5) (**C2,4,5) (**C1,2,3,5) (**C1,2,3,4) 

RT (%)** 
84.90 4.96 81.66 2.85 86.09 1.86 79.65 2.24 77.02 3.79 

(**C5),(*C4)  (**C4,5) (**C3),(*C1) (**C1,3) 

EMT (%)** 
1.06 0.04 1.23 0.04 1.09 0.02 1.62 0.04 1.32 0.05 

(**C2,4,5) (**C1,3,4,5) (**C2,4,5) (**C1,2,3,5) (**C1,2,3,4) 

B+ (gf cm2/cm)** 
0.202 0.019 0.168 0.010 0.216 0.019 0.138 0.009 0.148 0.003 

(**C2,4,5) (**C1,3,4) (**C2,4,5) (**C1,2,3) (**C1,3) 

B- (gf cm2/cm)** 
0.390 0.036 0.331 0.033 0.394 0.010 0.272 0.014 0.279 0.024 

(**C2,4,5) (**C1,3,4,5) (**C2,4,5) (**C1,2,3) (**C1,2,3) 

BM (gf cm2/cm)** 
0.296 0.026 0.250 0.018 0.301 0.012 0.207 0.005 0.213 0.013 

(**C2,4,5) (**C1,3,4,5) (**C2,4,5) (**C1,2,3) (**C1,2,3) 

2HB+ (gf cm/cm)** 
0.178 0.022 0.165 0.007 0.199 0.023 0.136 0.010 0.150 0.013 

(**C4),(*C5) (**C3,4) (**C2,4,5) (**C1,2,3) (**C3),(*C1) 

2HB- (gf cm/cm)** 
0.235 0.027 0.199 0.026 0.231 0.032 0.182 0.010 0.168 0.020 

(**C4,5),(*C2) (*C1) (**C4,5) (**C1,3) (**C1,3) 

2HBM (gf cm/cm)** 
0.206 0.020 0.182 0.013 0.215 0.021 0.159 0.007 0.159 0.010 

(**C4,5),(*C2) (**C3),(*C1,4,5) (**C2,4,5) (**C1,3),(*C2) (**C1,3),(*C2) 

LC (-)** 
0.450 0.044 0.450 0.045 0.357 0.030 0.455 0.049 0.533 0.057 

(**C3,5) (**C3,5) (**C1,2,4,5) (**C3),(*C5) (**C1,2,3),(*C4) 

WC (gf cm2)* 0.045 0.003 0.046 0.004 0.040 0.002 0.046 0.006 0.046 0.006 

RC (%)** 
62.96 1.79 61.01 2.12 62.01 2.92 61.73 0.94 65.43 2.85 

 (**C5) (*C5) (*C5) (**C2),(*C3,4) 

T0 (mm) 0.526 0.010 0.527 0.005 0.531 0.010 0.533 0.012 0.523 0.011 

TM (mm)** 
0.445 0.002 0.445 0.003 0.440 0.002 0.453 0.002 0.454 0.002 

(**C3,4,5) (**C3,4,5) (**C1,2,4,5) (**C1,2,3) (**C1,2,3) 

MIU (-)** 
0.942 0.008 0.922 0.005 0.922 0.014 0.923 0.007 0.933 0.012 

(**C2,3,4) (**C1),(*C5) (**C1),(*C5) (**C1) (*C2,3) 

MMD (-)** 
0.022 0.003 0.021 0.002 0.017 0.003 0.022 0.003 0.021 0.001 

(**C3) (**C3) (**C1,2,4,5) (**C3) (**C3) 

SMD ( m)** 
8.477 0.869 8.358 0.714 6.515 0.474 9.908 0.700 9.494 0.918 

(**C3,4) (**C3,4) (**C1,2,4,5) (**C1,2,3) (**C3) 

**1% significant, *5% significant 
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Fig. 3-5 170 Table 

3-3 EMT BM

2HBM Fig. 3-13 Fig. 3-14 Fig. 3-15  

Fig. 3-13 Fig. 3-14 Fig. 3-15 yarn-1 yarn-3

C1 C3 EMT

BM 2HBM  

Fig. 3-16

170

Fig. 3-17

yarn-1 yarn-3 C1

C3  
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Fig. 3-13 Relationship between dry heating shrinkage tension of yarns used in chain stitch  
and maximum extension percentage (EMT) of tapes. 

;yarn-1,C1 ;yarn-2,C2 ;yarn-3,C3 ;yarn-4,C4 ;yarn-5,C5 
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Fig. 3-14 Relationship between dry heating shrinkage tension of yarns used in chain stitch  
and mean of bending rigidity (BM) of tapes. 

;yarn-1,C1 ;yarn-2,C2 ;yarn-3,C3 ;yarn-4,C4 ;yarn-5,C5 
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Fig. 3-15 Relationship between dry heating shrinkage tension of yarns used in chain stitch 
and mean of hysteresis of bending (2HBM) of tapes. 

;yarn-1,C1 ;yarn-2,C2 ;yarn-3,C3 ;yarn-4,C4 ;yarn-5,C5 

 

 

 

 

 

 

 

 

 



 

103 
 

 

 

 

 

 

 
Fig. 3-16 Schematic of heat setting. 
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Dry heating shrinkage tension Heat setting model of chain stitch 

Low 

 

High 

 

 

Fig. 3-17 Effect of dry heating shrinkage tension on chain stitch 
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Table 3-1 Table 3-3

SMD Fig. 3-18  

Fig. 3-18 yarn-3 C3

SMD  

Fig. 3-19

yarn-3 C3
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Fig. 3-18 Relationship between dry heating dimensional change ratio of yarns used in 
chain stitch and surface roughness (SMD) of tapes. 

;yarn-1,C1 ;yarn-2,C2 ;yarn-3,C3 ;yarn-4,C4 ;yarn-5,C5 
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Dry heating dimensional change ratio Heat setting model of chain stitch 

Low 

 

High 

 

 

Fig. 3-19 Effect of dry heating dimensional change ratio on chain stitch 
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F0 Table 3-4  

Table 3-4

6

 

2

 

Table 3-3 5

EMT 1.06% 1.62% 0.53mm 0.81mm
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Table 3-4 Variance ratio (F0) for mean preference scores of each adjective 

 Main effect Individual effect Combination effect 

warm  0.98 0.33 1.04 

shittori  4.60** 1.55 1.00 

dry  0.77 0.81 0.41 

smooth  7.35** 1.89* 1.29 

flat  5.78** 0.84 0.50 

easy to slide  5.68** 1.91* 0.41 

thin  1.45 0.90 2.69 

not stretch  0.40 0.65 0.49 

soft  7.57** 1.72* 0.95 

flexible  4.77** 2.77** 2.62* 

elastic  5.15** 1.45 0.73 

refresh  0.52 0.59 1.67 

not hari  1.88 2.82** 1.45 

not koshi  1.82 2.82** 3.09* 

conservative  1.49  2.51** 0.57 

high-class  4.88** 2.04* 4.50** 

good in touch  2.71* 1.90* 2.41* 

comfortable on skin  4.19** 2.07* 3.00* 

**1% significant *5% significant 
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Table 3-4

6

[5]

[5] Table 3-5  

Table 3-5 C1 C3

1% C3 C1

 

Table 3-5 yarn-3 C3

yarn-4

yarn-5 C4 C5
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Table 3-5 Mean preference scores of each adjective 

C1 C2 C3 C4 C5 

shittori 

 

-0.13 -0.16 0.51 -0.07 -0.16 

(**C3) (**C3) (**C1,2,4,5) (**C3) (**C3) 

smooth 

 

0.02 0.02 0.58 -0.29 -0.33 

(**C3),(*C5) (**C3),(*C5) (**C1,2,4,5) (**C3) (**C3),(*C1,2) 

flat 

 

0.20 -0.11 0.51 -0.20 -0.40 

(**C5),(*C4) (**C3) (**C2,4,5) (**C3),(*C1) (**C1,3) 

easy to slide 

 

0.13 -0.13 0.49 -0.16 -0.33 

(**C5),(*C3) (**C3) (**C2,4,5),(*C1) (**C3) (**C1,3) 

soft -0.22 -0.11 -0.36 0.33 0.36 

(**C4,5) (**C4,5) (**C4,5) (**C1,2,3) (**C1,2,3) 

elastic 0.13 0.02 0.42 -0.22 -0.36 

(**C5),(*C4) (*C3,5) (**C4,5),(*C2) (**C3),(*C1) (**C1,3),(*C2) 

**1% significant *5% significant 
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Table 3-5 6

Table 3-6

Table 3-6
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Table 3-6 Correlation coefficients among each adjective 

 

shittori smooth flat easy to slide soft elastic 

shittori 
-      

smooth 
0.859 -     

flat 
0.793 0.937* -    

easy to slide 
0.854 0.941* 0.993** -   

soft 
-0.565 -0.901* -0.904* -0.860 -  

elastic 
0.753 0.969** 0.976** 0.958* -0.961** - 

**1% significant *5% significant 
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Table 3-3 16

LT WT RT EMT B+ B- BM 2HB+ 2HB- 2HBM LC RC TM

MIU MMD SMD Table 3-5 6

Table 3-7  

Table 3-7 170

BM

C4 C5

C3  

170

2HBM

C3 C4

C5

2HBM

 

Table 3-7 170

SMD

C3

C4 C5

 

MMD

MMD

C3  
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Table 3-7 Correlation coefficients between mechanical properties 
and mean preference scores of each adjective. 

 

shittori smooth 
 

flat 
 

easy to slide 
 

soft 
 

elastic 
 

LT -0.441 -0.220 -0.181 -0.232 -0.032 -0.177 

WT -0.484 -0.808 -0.817 -0.774 0.928* -0.851 

RT 0.626 0.878 0.968** 0.935* -0.950* 0.968** 

EMT -0.345 -0.696 -0.684 -0.634 0.851 -0.732 

B+ 0.647 0.893* 0.938* 0.911* -0.948* 0.937* 

B- 0.541 0.850 0.916* 0.872 -0.969** 0.929* 

BM 0.543 0.843 0.919* 0.876 -0.960** 0.923* 

2HB+ 0.700 0.932* 0.906* 0.889* -0.940* 0.932* 

2HB- 0.535 0.819 0.939* 0.895* -0.941* 0.929* 

2HBM 0.629 0.898* 0.954* 0.921* -0.971** 0.961** 

LC -0.846 -0.912* -0.915* -0.926* 0.788 -0.918* 

RC -0.245 -0.424 -0.410 -0.380 0.456 -0.500 

TM -0.673 -0.953* -0.922* -0.893* 0.982** -0.984** 

MIU -0.436 -0.275 -0.050 -0.104 -0.014 -0.138 

MMD -0.979** -0.849 -0.723 -0.786 0.543 -0.709 

SMD -0.817 -0.987** -0.893* -0.894* 0.903* -0.941* 

**1% significant *5% significant 
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3

Fig. 4-1

2 3 Table 4-1

5 yarn-1 yarn-2 yarn-3

yarn-4 yarn-5 Table 4-2

5 T1 T2 T3 T4 T5

yarn-1

T1~T5 X CT Fig. 4-2  

170±5 30 25±4 65±5%RH  
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Fig. 4-1 Schematic diagram of single tricot stitch 

 

Table 4-1 Details of polyester multifilament yarns 

 yarn-1 yarn-2 yarn-3 yarn-4 yarn-5 

Apparent fineness (dtex) 110 

Spinning process FDY DTY 

Number of filament 36 24 24 34 72 

Tensile strength (cN/dtex) 4.02 5.64 6.05 3.75 3.98 

Elongation percentage (%) 36.7 23.3 18.6 24.0 24.2 

Crimp recovery rate (%) 0.5 0.4 0.4 17.8 14.8 

Dry heating dimensional 
change ratio at 170  (%) 

8.3 6.2 11.0 4.4 6.2 

Table 4-2 Tapes 

 T1 T2 T3 T4 T5 

Single satin stitch 
yarn-1 

Chain stitch 

Single tricot stitch yarn-1 yarn-2 yarn-3 yarn-4 yarn-5 
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(a) 

 

 
(b) 

 

 
(c) 
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(d) 

 

 
(e) 

 

Fig. 4-2 X-ray CT images (Range : 5mm 5mm) 

(a) T1, (b) T2, (c) T3, (d) T4, (e) T5 
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23 ±2 50±4%R.H.

24  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

127 
 

 

1 10

1 10

23±2 50±4%R.H. 24

 

KES-FB1-AUTO-A

1.3cm× 20cm LT

WT RT EMT

500gf/cm  

0.05mm/sec 500gf/cm

50mm

 

KES-FB2-S 1.3cm×

7cm B+ 0.5~1.5cm-1

B- -0.5~-1.5cm-1

BM B+ B- 2HB+ 1.0cm-1

2HB- -1.0cm-1

2HBM 2HB+ 2HB-

 

±2.5cm-1
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KES-G5 1.3cm×

10cm LC WC

RC T0 0.5gf/cm2

TM 25gf/cm2  

1cm2 0.02mm/sec 2

23.9gf/cm2

25gf/cm2

 

KES-SE-SR-U 1.3cm×

5cm MIU

MMD

DL850 5kHz

2

10mm

 

5mm/sec 2.5gf

30mm 20mm  

 

 

 

 

 

 

 



 

129 
 

KES-SE-SR-U 1.3cm×

20cm SMD

DL850

5kHz

 

5mm/sec 10gf 30mm

20mm  
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F0 Table 4-3  

Table 4-3 18

2

 

[2] [2]

Table 4-4  

Table 4-4

yarn-1 yarn-2 T1 T2

yarn-4 yarn-5 T4 T5

Table 4-1 yarn-1

yarn-2 yarn-4 yarn-5 JIS 

L 1013

 

Table 4-4

yarn-1 yarn-3 T1 T3

yarn-2 yarn-5 T2 T5
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Table 4-1 yarn-1

yarn-3 yarn-2 yarn-5
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Table 4-3 Variance ratio (F0) for mean preference scores of each adjective 

 Main effect Individual effect Combination effect 

warm  1.51 2.11** 2.40* 

shittori  2.29 1.28 0.59 

dry  2.96* 1.03 0.53 

smooth  1.51 1.10 1.12 

flat  0.74 0.59 0.98 

easy to slide  3.49* 2.72** 1.86 

thin  7.25** 1.34 2.75* 

not stretch  1.40 0.50 0.43 

soft  0.73 0.76 0.91 

flexible  1.95 0.64 0.57 

elastic  1.62 0.45 0.22 

refresh  0.37 1.21 0.55 

not hari  0.69 0.93 0.58 

not koshi  0.76 0.97 0.64 

conservative  0.31 1.01 0.57 

high-class  0.82 0.32 2.07 

good in touch  1.14 1.31 2.30* 

comfortable on skin  1.59 1.27 2.68* 

**1% significant *5% significant 
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Table 4-4 Mean preference scores of each adjective 

T1 T2 T3 T4 T5 

dry 0.29 0.27 -0.07 -0.29 -0.20 

(**T4),(*T5) (**T4),(*T5)  (**T1,2) (*T1,2) 

easy to slide 0.22 -0.31 0.33 0.04 -0.29 

(*T2,5) (**T3),(*T1) (**T2,5)  (**T3),(*T1) 

**1% significant *5% significant 
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Fig. 4-3 Fig. 4-4 Fig. 

4-5 Fig. 4-6

Fig. 4-7

Fig. 4-8 Fig. 4-9

 

Table 4-5  

Table 4-5 11

WT EMT B+ B- BM LC RC T0 TM MIU SMD

Table 4-4 2

Table 4-6  
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(a)                                (b) 

 

(c)                                (d) 

 

(e) 

 

Fig. 4-3 Results of tensile property 
(a) T1, (b) T2, (c) T3, (d) T4, (e) T5 
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(a)                                (b) 

 

(c)                                (d) 

 

(e) 

 

Fig. 4-4 Results of bending property 
(a) T1, (b) T2, (c) T3, (d) T4, (e) T5 
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(a)                                (b) 

 

(c)                                (d) 

 

(e) 

 

Fig. 4-5 Results of compression property 
(a) T1, (b) T2, (c) T3, (d) T4, (e) T5 
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      (a)                                   (b) 

 

      (c)                                   (d) 

 

(e) 

 

Fig. 4-6 Results of friction property measured in the direction of the end of knitting 
by experimental friction contactor 

(a) T1, (b) T2, (c) T3, (d) T4, (e) T5 
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      (a)                                   (b) 

 

      (c)                                   (d) 

 

(e) 

 

Fig. 4-7 Results of friction property measured in the direction of the beginning of knitting 
by experimental friction contactor 

(a) T1, (b) T2, (c) T3, (d) T4, (e) T5 
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    (a)                                  (b) 

 

    (c)                                  (d) 

 

(e) 

 

Fig. 4-8 Results of roughness property measured in the direction of the end of knitting 
(a) T1, (b) T2, (c) T3, (d) T4, (e) T5 
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    (a)                                  (b) 

 

    (c)                                  (d) 

 

(e) 

 

Fig. 4-9 Results of roughness property measured in the direction of the beginning of knitting 
(a) T1, (b) T2, (c) T3, (d) T4, (e) T5 

 

 



 

142 
 

Table 4-5 Results of mechanical properties 

 

T1 T2 T3 T4 T5 

Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D. 

LT (-) 0.859 0.066 0.817 0.038 0.840 0.051 0.828 0.031 0.851 0.041 

WT (gf cm/cm2)** 
2.31 0.18 2.53 0.16 2.46 0.18 2.72 0.12 2.53 0.14 

(**T4)  (*T4) (**T1,*T3)  

RT (%) 79.39 7.16 84.74 8.56 78.90 7.50 76.12 4.66 77.76 6.77 

EMT (%)** 
1.09 0.03 1.26 0.03 1.19 0.02 1.33 0.02 1.21 0.04 

(**T2,3,4,5) (**T1,3,4,5) (**T1,2,4) (**T1,2,3,5) (**T1,2,4) 

B+ (gf cm2/cm)** 
0.208 0.022 0.164 0.008 0.191 0.007 0.176 0.011 0.182 0.013 

(**T2,4,5) (**T1,3) (**T2) (**T1) (**T1) 

B- (gf cm2/cm)** 
0.373 0.022 0.309 0.021 0.346 0.022 0.303 0.015 0.306 0.016 

(**T2,4,5) (**T1,3) (**T2,4,5) (**T1,3) (**T1,3) 

BM (gf cm2/cm)** 
0.294 0.027 0.238 0.015 0.267 0.014 0.240 0.011 0.244 0.010 

(**T2,4,5),(*T3) (**T1,3) (**T2),(*T1,4) (**T1),(*T3) (**T1) 

2HB+ (gf cm/cm) 0.180 0.028 0.166 0.018 0.174 0.021 0.170 0.014 0.168 0.026 

2HB- (gf cm/cm) 0.225 0.034 0.193 0.022 0.205 0.019 0.208 0.014 0.206 0.018 

2HBM (gf cm/cm) 0.203 0.031 0.179 0.017 0.190 0.016 0.186 0.011 0.187 0.011 

LC (-)** 
0.430 0.047 0.477 0.030 0.402 0.034 0.455 0.037 0.491 0.052 

(*T5) (*T3) (**T2,5)  (**T3),(*T1) 

WC (gf cm2) 0.050 0.002 0.048 0.004 0.049 0.005 0.049 0.005 0.048 0.005 

RC (%)** 
71.34 0.98 69.72 2.27 69.90 2.98 67.45 1.97 69.63 1.79 

(**T4)   (**T1)  

T0 (mm)** 
0.531 0.011 0.528 0.007 0.539 0.014 0.528 0.012 0.519 0.013 

  (**T5)  (**T3) 

TM (mm)** 
0.440 0.001 0.448 0.002 0.444 0.001 0.444 0.002 0.440 0.002 

(**T2,3,4) (**T1,3,4,5) (**T1,2,5) (**T1,2,5) (**T2,3,4) 

MIU (-)** 
0.988 0.015 1.022 0.016 1.003 0.018 1.030 0.022 1.038 0.008 

(**T2,4,5) (**T1) (**T5), (*T4) (**T1), (*T3) (**T1,3) 

MMD (-)* 
0.052 0.005 0.060 0.004 0.054 0.004 0.056 0.006 0.057 0.009 

     

SMD ( m)** 
21.083 0.291 22.963 0.474 21.829 0.511 23.692 0.332 23.397 0.406 

(**T2,3,4,5) (**T1,3,4) (**T1,2,4,5) (**T1,2,3) (**T1,3) 

**1% significant, *5% significant 
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Table 4-6 Correlation coefficients between mechanical properties and 
mean preference scores “dry” and “easy to slide” 

 
dry easy to slide 

 

WT -0.734 -0.367 

EMT -0.582 -0.390 

B+ 0.214 0.735 

B- 0.560 0.751 

BM 0.498 0.727 

LC -0.132 -0.962** 

RC 0.764 0.211 

T0 0.252 0.827 

TM 0.122 -0.256 

MIU -0.640 -0.766 

SMD -0.653 -0.689 

                                            **1% significant 
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Table 4-6

2

F0 25.95** MIU r=-0.975**

5

MIU

Table 4-2 5

2 Table 2-2 5

F0 MIU

F Table 4-7  

Table 4-7 5

5

F0 MIU F

MIU

Fig. 4-1 Fig. 2-1
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Table 4-7 Variance ratio (F0) for mean preference scores of “dry” and variance ratio (F) for 
mean coefficient of friction (MIU) in tapes differd only in the yarn of single satin 
stitch or single tricot stitch. 

 
Tapes differed only in the yarn 

of the single tricot stitch 
Tapes differed only in the yarn 

of the single satin stitch 

F0 of main effect of “Dry” 2.96* 25.95** 

F of MIU 9.28** 86.27** 

**1% significant, *5% significant 
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Table 4-6 LC

r=-0.962**

yarn-1~yarn-5 T1~T5

SMD Fig. 4-10  

Fig. 4-10 SMD r=-0.988**

yarn-1

yarn-3 T1 T3

SMD

yarn-1 yarn-3

T1

T3 SMD  
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Fig. 4-10 Relationship between dry heating shrinkage tension of yarns and  

geometrical roughness (SMD) of tapes. 

yarn-1, T1 yarn-2, T2 yarn-3, T3 yarn-4, T4 yarn-5, T5 
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