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Abstract

An investigation made of the easing contraction ratio according to sewing condition (seam
line; wp, wi, 45° bias, stitch density; 13 stitch/cm (0.8 mm), 9 stitch/cm (1.1 mm), 6.5 stitch/
cm (1.5mm), 5 stitch/cm (2 mm), 4 stitch/cm (2.5 mm), thread; sp 60’s/2, sp 60's/3, st 60’s/3,
st 50's/3)) by lockstitch industrial sewing machine with shirring foot. The correlations of the
easing and sewing conditions were by SPSS PC*, and visual test was done by enlarged photo.
The results obstained were as follows:.

1. The easing contraction ratio is increased in proportion to the low of stitch density.

2. The easing contraction ratio of wp, 45° bias is correlated with stitch density, and that
of wf be with stitch density, elongation & weight.

3. The easing contraction ratio of 13 stitch/cm (0.8 mm), 9 stitch/cm (1.1 mm), 6.5 stitch/
cm {1.5mm), 5 stitch/cm (2.0 mm) is correlated with flexible rigidity, and that of 4 stitch/
cm (2.5 mm) be with flexible rigidity and crease-resistance.

4. As a resuts of SPSS PC* statistics, the easing contraction ratio is statistically correlated
to the seam line, stitch density, upper thread tention, and fabric characteristics.

5. As a results of visual test by the enlarged photo, the limit of stitch density for easing

contraction was 5 stitch/cm (2.0 mm).
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Table 1. Sewing Condition

sewing machine ; DB2 - B736(brother)
speed ,; 3450 r.p.m.
stitch, seam ; L 12, 6.01.01/301
stitch density ; 13 stitch/cm(N 1.0 ; 0.8 mm),
9 stitch/cm(N1.5; 1.1 mm),
6.5 stitch/cm(N 2.0 ;1.5 mm},
5 stitch/cm(N 2.5 2.0 mm),
4 stitch/cm(N 3.0 ; 2.5 mm)
pressure foot;shirring foot
needle ; DB 1 #11
thread ; sp 60’s/2, sp 60's/3, st 60’s/3, st 50's/3
thread tention(bobbin, upper : g f) ;
sp 60’s/2 - 40/160, sp 60°s/3 - 40/120,
st 60’s/3 - 60/140, st 50's/3 - 60/140

U 27E wgxA/IMF(NLO, N1.5, N2.0, N
2.5, N3.0)oll wie} =2 woflr| & o Foz 13
stitch/cm(0.8 mm), 9stitch/cm (1.1 mm), 6.5stitch/
cm (1.5mm), 5 stitch/cm (2.0 mm), 4 stitch/cm
(2.5 mm) o] 55HA| = 3}3ich

ANgAle Al 2o FAlel 208 nesle] FrHE
spun polyester 100%¢] sp 60's/2(T1), sp 60's/3(T2)
2} cotton 100%9% st 60's/3(T3), st 50's/3(T4)e] 47}
A% Alsloler], 4432 Push Pull Gauged 4}
Bt} 7 A Eabel S YA} AR 23
Ak

2. AIYE

Al g AL e 2 Aol afug s oyt
el o1 2 alekel Woke FA) 22l weh sl
2 2ay] ARE l w7 $shed, FA EAo] wisk
g 100%9) b 5 422 3FHE Aggch 4
AL F77F 2 A F719 dErE R HAER A,
2o goll G&E viAw ol A7te] Al 4

© Table 29} 7t}

APEZE 72 5cm, AE 40cmE AskEla, lom
o] AAE Fa BAAE 20] AHolE S5cm AR
AL e, od7lolA U 5cmE A2 30cm
F AL FAEGSE sech AWz BAAL ek
(seam line) & 2= ulako]] ulZ ¢ 7.2 sletslr] 9
a8 Z3AF whek(wp), S14F ER(wi), nlololA wlak(45°
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Table 2. Fabric Characteristics

. characteristics
sample b—- T X T T v loxibl
. ! i thick | weight | Yarm | densit flexible | ti crease-re
| material | weave | ness | 201 | number | ensity rigidity (45° € ongation sistance
; ! (mm) F(mg/cmz)g (Ne) | (count/cm) cantilever) (%) (%)
1 ! o ! wp : 61.0 31.6 56.7
| cotton i i | wp:23¥s| wp:.24.6 +—
F1 ! ! plain | 0.33 | 128 | | | wi:id5.0 21.9 61.1
100% ! y | wf23s | wf:22.0
| ; ; ; | 45° bias 1 55.7 73.5 69.0
f ; !‘ | . wp:59.5 35.4 63.7
cotton i i lwp:20’s| wp:26.8
F2 | plain | 0.3¢ | 161 | | wi 567 35.1 61.8
100% ‘ I Pwf:2%s | wi 24.4
| | . : 45 bias:53.3 |  97.3 l‘ 69.2
| | | | | o wpi60.5 | 418 | 516
| cotton i ; ! wpil1l6's! wp:i21.5 |- { t
F3 | | plain | 0.40 | 1.53 | | wf:43.8 3.4 | 60.6
I 100% | | | | wii2¥s | wf:21.3 | ! [
; | | | ! | 45" bias:52.3 | 949 | 4.9
L | { L it 1 i I
40 cm -
nESs M. H7Zz Y o
975 cm
w0 1. SHZ=Zofl mte 2788 wst

Fig. 1. sample

bias) of 47}x| 2 3}gick, AW 2 ul= Fig, 13} zc},
3. 28X o 2ajg &Y

FA€ 3% 7 (F1, F2, F3) 9] AR L F 4% F(sp 60
s/2, sp 60°s/3, st 60's/3, st 50's/3)} 8] A}-EA}e} 5tiz)
o] =4-(13 stitch/cm, 9 stitch/cm, 6.5 stitch/cm, 5
stitch/cm, 4 stitch/cm) & 7}7} 3 Wak(wp, wi, 45°
bias) o 2 WMs}A1A 7 4FollA] 33] wlEsc)

X ol 0.5mm 2] steel measured A}-2351%]
o, BAF Aol AF Lo ¥AH 5cmeksl 9] &
FAMl R 27t Ao] Hdhgdch

L2ag5E UAolol gk 213 % (easing con-
traction ratio) & AFE gk

Easing Contraction Ratio(%):i%éx 100
{; BAAL Hol, b ; BAlFe] Ao

Al EY 2 Zrbe] ¥al4 waks) AEArE 2 B3

Zh ARz wao) wz 228 % (easing contrac-
tion ratio) & Table 33} 7c}
B A G422 o a5 71245 a8 ge
7Febed, Al wakn o= o)Al 2o} nlojo] & wpe
°of diHoz 2a8ge] wogo 4 F 9t} =,
Toll wE 28] Erle uy) Z 3} AYH e
ol Aol 2A Jebgony, Al Z o] Hpefo) u}
€ 238 E Wk Aeajel gy Froll what o}
EA vebsicl, Az Ay A AT EA4
W o] whE 2 Ay 7o) 2888 vwsl
A ohg o)z},

sp 60's/29] 7%, @47} Hoixo] wap 74 A} whaE
< F1-1.9%~10.6%, F2-2.9%~7.4%, F3-1.3%
~6.6%9 2aE By YERe], N1.0(13 stitch
/em; 0.8mm) Y W& A 9fstw, A7) gre Alg =z
Flo| 2 a5l ol w3, 547 714 $49 AHE F3
o] eaggo] ek $J4l ulgke F1-3.9%~23.7%,
F2—-1.6%~8.6%, F3—3.7%~14.5%¢] 2a12% +
EF Heble, A7} gk AlEs} AL K3 Fle
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Table 3. Easing Contration Ratio (%)
sample 7 7 F1 ‘ F2 F3
T — - —
seamlmei ! 5 E l 45 45
stitch «+ wp | wf | . | wp | wf | . wp wi .
thread density | ! t bias | i i bias i bias
e ‘_# ,‘}7,,_\ } ,,,,,, J S S
| N1.O 1 1.9 | 3.9 | 27 | 2.9 1.6 | 1.3 3.7 14 |
; ' i i
NL5 34 | 75 | 7.6 | 3.0 26 | 28 2.2 5.6 3.2
TL | Nzo | 44 | 112 | 86 | 41 | 43 ! 5.1 2.8 7.3 7.0
| N25 | 62 | 173 | 138 | 48 | 73 | 67 4.6 9.1 25.0
| N3.0 . 106 | 23.7 | 390 | 7.4 8.6 } 27.4 6.6 14.5 | 27.3
P |
N1.0 | 23 | 32 | 44 | 25 L7 | 44 1.1 2.2 3.2
N1 ©o25 | 41 | 51 | 28 | 20 | 47 1.9 3.6 5.8
T2 i N2.0 3.7 . 7.2 | 9.0 | 36 2.6 i 5.1 2.5 5.3 7.4
| N25 | 5.7 l 16.4 1 6.8 | 54 | 55 | 155 4.3 0.4 | 12.2
i N ; | ! i i i )
- 3.0 | 92 | 199 268 | 7.3 | 88 | 189 6.8 150 | 183
N1.0 | 21 | 69 , 28 | 33 , 28 | 19 | 16 36 | 1.6
S ON15 | 2.2 . 180 | 146 |, 3.8 | 5.4 7.7 1 2.0 48 | 82
1 I ] I i {
T3 | N2.0 1 31 | 244 | 173 | 63 9.9 10.9 2.6 15.4 16.8
| N2.5 7.0 | 281 | 245 | 10.8 14.7 19.0 6.9 24.1 23.5
| | i i i
N3.0 | 157 | 393 36.0 | 11.0 31.0 19.4 8.7 32.8 25.6
e .\‘p\,ﬁ‘l.—.%l_*ﬂ# R N
N1.0 | 21 | 26 | 27 ! 24 | 17 26 | 2.0 2.7 1.6
N1s | 36 | 66 | 64 | 51 L 2.4 | 35 3.5 5.3 4.7
|
Ta boNeo o6z | 99 | m3 ! 72 | 34 | 42 | 55 | 58 | 6.2
| Nz.5 1 0.2 | 176 | 162 | 11.3 5.9 6.7 | 8.4 12.3 14.2
N30 145 | 254 | 243 | 131 8.8 10.3 15.3 17.3 18.1
W RN SV _— 4 i 1

T1 :sp 60’s/2 T2 ; sp 60’s/3 T3 ; st 60’5/3 T4 ; st 50’s/3
N1.0: 13 stitch/cm(0.8 mm) N1.5; 9stitch/cm(1.1 mm)
N2.5: 5stitch/cm(2.0 mm) N3.0 . 4 stitch/cm(2.5 mm)

of wtcy, wlolofA W3ke F1-2.7%~39.0%, F2—-1.
3%~27 4%, F3—1.4%~27.3%¢] 213% ¥I%
vieblla glovt, whae wiglel] whE wshEo] A} ut
ap flAb ubgkol wla w9 EtEA e, Fl- F29
N3.03} F3e] N2.50l4 $aslgol FA&slnz o
Tk e Algsr Wag Aoz Azt

sp 60's/32] 74, w7t Ho{Aoll wt A} nhaF
2 F1-2.3%~9.2%, F2-2.5%~7.3%, F3~1.1%
~6.8%2 2 E EEE vpelied, o owshge w
o A7t AASE 1A Jebdeh $iab 4R Fl-
3.2%~19.9%. F2—1.7%~8.8%, F3—2.2%~15.0%
o 2 g EEE vehle, AHE Fl19f 4% N2.5
A4 FFstes e At deshe vlolo
2 dbake F1-4.4%~26.8%, F2—4.4%~18.9%,
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~8.7%9 Sa¥E FEE Holn,

N2.0; 6.5 stitch/cm (1.5 mm)

18.3%°] 2adlE EXE vehla gle
e 27] 2 a7 g0

2.
S

w47} Hoixlol whek A} ik
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Fze] emglgol ¥7 Jehtn gle,

4L e
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F1—-2.1%~14.5%, F2—2.4%~13.1%, F3—2.0%~
15.3%°] 2a8E +25 vehie, "d47le] Mg
of g AL wch A4 W3 Fl-2.6%~
25.4%, F2—-1.7%~8.8%, F3—2.7%~17.3%, u}e]
F1-2.7%~24.3%, F2—2.6%~
10.3%, F3—1.6%~18.1%9 $2a%E 2325 77}
vepe, 2 'ﬁz:} + 2y A7 gk Fle w47}

ofA  wlgko

Hpoll w2 227l wistde] am, Fr7} F7E
F3+ N2. 077}7< bt e 0 98 ES At o
W3 Eo| AT 9oy el AlES WEEs}; 2,

Brp 293 F2 waol wg Q-
2 fshEo] ;aw, Al uigkol wls] 7ol
vlolof 4 WheFEo] 7] ¢ avlEe| A, 1 Bk
EASS

ol 4ol AzellA AMFAEZ APE R A7te] FA
Al uheka) ol ol 2F AP Ze] 2o g5 A
YAz, A wbeke] 2 Al Ezke] g2 spun
polyesterA}e] 2 18l§o} F1>F2>F3¢9] ¥l cotton
Al 22 F2>F1>F30]ic}, 94} 3RS spun polyes-
terAjol HifSH cottonAlEe) 2.3l Fo] #m, 77t
F717} 7ol La¥gel an 7 AYgEle] 23
2§.2 u% FI>F3>F2o| #H3g woich
Wk spun polyester<joll w8l cottonr} Fro| @4
M3l e 21 Fel M) chh Ao, F7]

7 #e Hol 28l Fe] W) kAl Holck

28 §o] W ol

dlo]o] A

2. Al2 gl 2x=xHa @O Ene| A

28 gel U A8 R A 237 BAE FA

Moz sl nmalr] Y3led SPSS PC*E ALg-3}of
EASAL ook WA AgxARYE, APE
314 HOL s, LA 28 e BAREAE 9

31, Sa#gkol oJgkS wlx:= 8918 A|HEY EAF
A = d 2bro] 23R8 3te) ARUAS LHY
o,
=

E3 BAAR FeA S Ae 2L AF
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Table 4. Analysis of variance
VARS E sample lL seam line i thread
i
F | 6.072° : 12.861°" 5.911°*
frols L .003 1 .000 .001
*p<0.01 **p<0.001

Hog viyo] Zt 27 2 ayEd 2ae P
vl 2]lzte] A% BAE A

A5 25 2z E7ke] 24 #42 Table 402
Ay FoEst B 0,01 olFE FAHLE Fojtel
AR, A7lolAq & AP AHL FHH 9 4
FHY Lo Eol Aozt AE Wb ol #, AYE
BAA e F A Y] whae] wE e A
ol7} v} of §-& WoiFw gleh

aela ool Fg mlAle 89l 2 a8l Ete
Az @Al Table 5, 6oll4 2a] AFE EA7 B4
Z7o 7 viro] By, Z}7hE 7leiz s} wel F7]9)e
Aol mi FoldhAl vrebsta, FEI R 9 8l
A AYate] 43x FAAHE FATE 4 4 3k

frejAdol QA== Alg 270 7 FHEE A
stod e awloll d L vl 29lite] Ak HAE
Table 7~99} 7},

Al Fol| e 218 F-2 Table 73 o] wel =
7iehel Abitol wf$- froldtey, 1 7hgdl AL Fle
A Est F32 WExote] AR Fo4hg LodFch
FAA W R AL wake) ulolol s pekel Ag
7} whe] grjute] EAHeg foldt 43E ¥l

Al whake] o= wte] 27) 9 Alxe) T
*&%-‘i e §hg Table 8oll4 ok & 3leth, =3
Abe] 74 -§-+= Table 9ollAt Ma =he] z7|9be] Al
7b o9 Fold-g vieblie, sp 60's/38 WA E e} st
60's/3¢ Aot AU AR FolstA o
1237321
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Table 5. Correlation of easing contraction to fabric characteristics

S =

VARS thickness : weight flexible T elongation |I crease
‘ ! (mm) : (mg/cm? rigidity (%) ! (%) { -resistance(%)
- + T T
r ; —.0598 ! - .228~1‘ —.3152* ! 11131 ! .2066"
*p<0.01 **p<0.001
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Table 6. Correlation of easing contraction to
sewing condition.

BEKHS G

Table 8. Correlation of the easing contraction classified
by seam line

—
VARS [upper thread | bobbin thread ;stitch density ' seam line
i tention(g f) | tention(g f} | mm VARS ‘7-_‘—‘1—‘——7—“——
| I | i wp { wi 45° bias
oo ]oamet 1 o8 | 6894 —+ '
- — \ i upper-tention | 3185 ; .3091 .0478
p<0.01 p<0.001 bobbin-tention | 0207 | .0545 | .0548
stitch density ‘ .8278**| .6893**{ .8370°*
Table 7. Correlation of the easing contraction classified thickness : ~.1702 1 —.0533 : —.0398
by thread weight [~.0412 [—.3626" |—.2406
flexible rigidity |-.0409 |~.3076 | .1760
sample . ! .
VARS — elongation |- 1576 1~ .3665 P .2290
FlL. | F2 F3 crease-resistance 058 1-.216 |-—.003
upper-tention 1805 | .1816 | .1954 *p<0.01  **p<0.001
bobbin-tention . 0629 |—.0035 | .0667
stitch density | .7399“= .7039"% .7098**
flexible rigidity —.3301* | —.2062 | —.3189 o] Azpe 7+ Alg 2750 Hel Arieky (H)4
elongation 1396 | .2088 | .1969 Unrt BAH o u$ S5t Yehteg we 2
crease-resistance i .3293 .0539 | .3995* Arh ARLEE 9 a2 Fo] 213 oF & 9} ol
*p<0.01  **p<0.001 A kel A7) &, w2kl MR a A R
Table 9. Correlation of the easing contraction classified by thread
thread
VARS ———
sp 60's/2 ‘I sp 60's/3 st 60's/3 ' st 50's/3
stitch density 6815%* | 7417 7201** .8399**
thickness —.0479 } —.0992 —.0654 —.0489
weight — 2345 | —.2216 i —.2249 | —.3116
flexible rigidity | — 2681 i — 2886 ! 5044** i ~.1938
elongation | .2199 | .2883 i .0330 i ~ 0285
crease-resistance | .1593 J .3833° ! .2879 .0834
*p<0.01  **p<0.001
Table 10. Correlation of the easing contraction classified by stitch density
‘ stitch density
VARS b —
| 13stitch/cm | 9stitch/cm 6.5 stitch/cm | 5stitch/cm 4 stitch/cm
' (0.8mm) | (Q1.1mm) | (1.5mm) | (2.0mm) (2.5 mm)
+— T f —
upper tention l .0323 | .3591 { .3802 { .3172 } .2083
bobbin tention |  —.1509 1’ L0579 2 .0693 | 0155 i .1425
thickness \' - .2899 [ —.0747 s —.1032 ‘ .0039 | —.1444
weight : —.3212 | —.3272 “ —.3558 (‘ —.3126 —.4160
flexible rigidity | —.4641* | —.5042* | —.4846* } —.5537** —.4704"
elongation | —.1625 ; 0371 | 0910 | 2587 12639
crease resistance | .2652 .1449 | .3332 | .4168 .4678*
i ]
*p<0.01 **p<0.001

-—1112~—



Vol. 20. No. 6, (1996)

| 13 stitch/cm
| {0.8mm)
| F3- 45" bias
sp 60's/3
3.2%

9 stitch/cm
(1.1 mm)
- 45° dias
sp 60's/3
5.8%

6.5 stitch/cm !
(1.5 mm)
i F3 - 45° bias
sp 60's/3
7.4%

5 stitch/cm
! (2.0mm)
F3 - 45° bias
sp 60s/3
12.2%

4 stitch/cm
(2.5 mm)
F3 - 45" bias |
sp 60's/3 |
18.3%

‘
t
|
|
i
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+ 45 U

LagE3 rpg Aol Be #e) 2715 4 A
Z ¥ 7= Table 100] veluigict 5
stitch/cm(2.0 mm) 7}x] = =} Fol5hA4 vehy
kb, @l Azl7b 74 & 4 stitch/cm(2.5 mm) ol A
T ZedE w wd skt folalA Ve, =3 8l
Aol of f‘}‘%—&— 6.5 stitch/cmzba| Z7}s}c}s}

o] B3, Wi dakHe =G HolAcir) o] A

m{}l

HAE &+ ek
whebd, 2 Agells] 2285 ¥4 27 sbe
wel A7le] odgfel g dlo} wto] Ars} F4E =
F7F g8 28l Fo] Frjsl, Al E4 »}
Azt Ae4% 2adgel Fo1%
= IR 5 glals, AEAR 94 Aol w4 6.5

uié‘-,

i F2-wp
st 60's/3
5 stitch/cm
(2.0 mm)
10.8%

F2 - wf
st 607s/3
© Sstitch/cm
i {2.0mm)
14.7%

F2 - 45° bias
st 60’s/3

J 5 stitch/cm

| (2.0mm)

‘ 19%

Fig. 2. Pictures of F3 - T2 - 45 - bias samples showing
the easing contraction classified by stitch
density.

Fig. 3. Pictures of F2 - T3- wp, wf, 45° bias samples
showing the easing contraction classified by
seamline.
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stitch/cmell 4 1 d&Fo] 7B F& & 4 sick
Algw B 273 ezl ERe A3 FAlA AA
Hog g 9L W F5(He Z7) e 6.5
stitch/em(1.5mm) 2 veptE g, o] Ao A%
Ale] SlAl AHg 2AFo A ® o2 ANE A&

4 gleejel Azkslch

3. gl AlRle 2 2 HF{gol o3t 2780t O

BEKBEEE

o

Mo 3 glrk

gl 9% a8 Ere AHEY ek ulg}
2 w)ge] k2 A velkEsl, Fig. 39 Abalef s
IFEL AL wolA AYxe] Hodxs)l Fe4E

A 27l w24 APEx7e] 23352 Fig. 4

A |
|
¥AF) AQEE HEHASFS &, e 2 L o,
{
a2 yaAe AA gHAe] A FAoz W s | F3-wi
i oS FASE AA UHBe] el FH | gstitch/om
o] #is=ul, Fig.2old% olejd A|gz gjaAde | (2.5mm)
gz Fuie) Aol w4rt AL4E aA vehg 14.5%
! 3
| i
| ]
i Fl-wp sp 60’s/3
il st 50’s/3 F3 - wf
| 5 stitch/cm 4 stitch/cm
| (2.0mm) (2.5 mm)
10.2% 15.0%
! f
b - g
i; F2 - wp sp 60's/3
. st 50’s/3 i F3-wf
5 stitch/cm 4 stitch/cm
(2.0 mm) (2.5 mm)
11.3% | 32.8%
I
— ]
j
F3-wp sp 50’s/3
! st 50's/3 F3 - wi
5 stitch/cm 4 stitch/cm
(2.0 mm) (2.5 mm)
8.4% 17.3%
a

Fig. 4. Pictures of Fl, F2, F3-T4-wp samples
showing the easing contraction classified by
fabric.

Fig. 5. Pictures of F3-~T1, T2, T3, T4-wf samples
showing the easing contraction classified by
thread.
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