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ABSTRACT~ The study reported in this work concerns the influence of sew-
ing conditions such as the distance between seam line and fabric edge,
seam direction (cutting angle relative to weft yacrns}, number of stit-
ches per unit length of seam and the linear density of sewing threads
on the seam breaking strength and extension of woven fabrics for both
double lock and single-thread chain stitehes. Ihe application of frac-
tienal factorial design Lo optimize the operating conditions of sewing
machine is demonstrated. The optimum sewing conditions when using dou-
ble lock stitch are the distnace between seam line and fabric edge is

2 cm, the seam line is parallel to the selvedge using & stitches/cm and
the linear density of sewing thread is 70/3 Ne. Bult when using single-
thread chain stitch the optimum conditions are the distance between
seam line and fabric edge is 1 cm, the seam line is parallel to the
selvedge using 3 stitches/cm of 50/3 Ne sewing kthread count. Also the
optimum sewing conditions for seam extension could be determined for
both the double lock and the single -thread chain stiteches. When us-
ing single-thread chain stitch, it gives the highest seam strength and
the lowest seam extension compared to the common double lock stitch.

- INTRODUCTION

In the present time, joining the parts of garment can be achieved

by the fallowing methods: sewing threads, sticking and combination of
them /1/.

The common and important problem in cloth manufacture is improving
the quality @nd the outside view of garments. The quality aof garments
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depends upon many {actors correlaled with epchh other auch as stitch type,
stitch density, sewing thread count, seam direction and so on.

The garments during wearing are subjected to different mechanicel
effects e.g. tension, pressure, bending, torsian and s0 on. ThgreFQre,
it is necessary to choose the optimum sewing conﬂitions_to obtain high
seam strength, durability and a beauty of the putside view of the gar-
ments.

Sheta A. /2/ stated that, lock stitch seam strength can be obtained
by multiplying the statistical minimum loop strength of the sewing thre-
sd by the correction factor. The correction fector cculdlbe determined
theoreticelly as a function of number of stitches/cm, sewing thread

breaking extension, diameter and fabric parameters. The author ment-
ifoned thaet correction factor incresaes with the increase of number of
stitches/cm and sewing thread diameter. Jhe correction factor is rang-

ing from 0.91 to 0.%6, this means that for the lock stitch seam stren-
agth is mainly dependent on the minimum loop strength of the sewing
thread.

Burtonwood B. and Chamberlain N. /3/ showed that as stitch densaity
increases seam strength in a given fabric linearly increases up to the
point where increasing stitch density causes 3 significant fabric damage.

WsHLTWMHa B. /1/ studied the seam extension of different fabric
constructions. It was found that both weave design and fabric construc-
tion does not influence seam extension.

The optimization of the sewing conditions by using fractional fact-
orial design /4/ has not yet been studied in other waork. In the present
study, an attempt is made to demonstrate the application of this des-
ign and to determine the five optimum variables.

The purpose of this study was to determine optimum sewing conditions
such as the distance between seam line and fabric edge, cutting angle
relative to weft yarns, number of stitches per unit length of seam, the
sewing thread limear density and the stitch type.

2- DESIGN EXPERIMENT

A fractional factorial design /4/ was chosen to investigate all
the fFive variables: (X[) the distance between seam line and fabric edge
was from 0.5 to 2.5 cm; (X2) cutting angle relative to weft yarns was
varied from 0° to 90Y; (X3) stitch density was varied from 2 to 6 sti-
tches/em; {X4) stiktch type was varied from double lock stitch to single-
thread chain stitch as shown in figures 1 (a,b) and (X5} sewing thread
linear density was varied from 40/3 to 80/3 (Ne) and spun from combed

cotton (Giza 75, noil 20%). The sewing threads were singed, mercerized
and dyed. The fractional factorial design for five variables is given
in Table I.

The response Y (seam strength/stitch) and seam extension are giver
by a gecond-order polynomial, i.e.:

M M M
Yzb + > b, X, +3Z_ F_ b..X, O X.
© i=1 Loboogar e )
where Xi = ith variable,
M® = number of variables, and
bo’ bi and bi‘ = regression coefficients assocjisted with the

variabhle.
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Fig. 1{a): Double lock stitch seam.
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fig. 1{b): Single-thread chain stifch seam.
table 1: Experimental Design.
Levels of Variables Seam Strength (Kg) Seam Lxbtension (%)
No. :
o X1 XZ XB Xu X5 Exp. Cal. Lxp. Cal.
1 - - - - - 0.0275 0.0z207 19.395 19.368
2z + - - - + 0.B030 0.7962 4.013 4.006
3 - + - - + 0.6292 0.6360 3.%46 3.153
& * + - - - 0.7608 0.7676 8.014 8.021
5 - - + - - 0.3938 0.3870 5.847 5.854
6 + - + - + 0.0937 0.0869 19.903 19.910
7 - + - - + 0.2216 0.2284 4,430 4,422
8 + + + + - 0.9981 1.0049 9.131 9.124
The actual levels of the live variables are given in Table 1I1.

Table 11: Actual Levels.

Level
Yariable -1

+1
X1 = Distance between seam line and Ffabric
edge {(cm} 0.5 2.5
X2 = Cutting angle relative to wefk yarns
(degree} 0 90
X3 = Stitch density (S/cm) 2 6
Xh = Stitch type double lock single-thread
chain
XS = Sewing thread linear density (Ne) 40/3 80/3




T. 96 Hemdan A. Abo-Taleb

J- EXPERIMENTAL ANALYSIS

Plain weave cotton fabric of 156 g/m2 with the following construc-
tional details waos used in Lthis study:
Thread spacing: 50 ends/inch and 39 picks/inch;
rarn count : 15 Ne for both warp and weft yarhs,

Each fabric sample was cut into two approximately equal strips 15
‘m long and 5 cm wide as shown in Fig. 2. Superimpose one strip on the
yther for sewing. The two strips were joined together by means of the
srescribed sewing conditions as shown in Fig. 2. Thus the seam assembly
specimens could be prepared from fabric samples on both Juki DDL-555 and
Juki ML-111 sewing mechines for obtaining double lock and single-thread
chain stitches respectively. Also the tensions of the sewing threads
could be adjusted to form the prescribed stitch types.

The breaking load and extension of seam assembly specimens were
determined when the load was applied perpendicularly to the seam direc-
tion, using cut strip method.

As shown in the experimental design in Table 1, the seam strength/
statch was calculated /3/ from the following expression:

The breaking load of the seam in a given length _ 5
number of stitches in this length T NW

Seam strength/stitch

where, § is the breaking load of the seam (Kg);
W is the specimen width (cm); and
N is the number of stitches/cm.

The results of seam strength/stitch were analysed using the UK
01 computer. The regression coefficients were determined taking intao
‘onsideration the significant terms only. The response-surface squat-
lons for both seam strength and extension are given in Table III with
the correlation coefficients between the experimental values and the

calculated values obtained from the response-surface equations. The
response surfaces agree fairly well with the experimental results, as
zan be observed from the high correlation coefficients. Contour lines

4ere constructed by using the response-surface equations for both dou-
vle lock and single-thread chain stitches.

iable 111: Response-surface Equations.

Correlation

Response Response-surface Eguation Coefficient
YT = Seam strength/stitch Y.j = 0.491+0.173 X1+U.168 X2 0.99986
(Kg) -0.064 X5+0.215 X,-0.054Xg
-D.US&X1X3+0.022 X1XQ
Y2 = Extension (%) Y2 = 9.235+1.D30X1—3.055 Xz 0.93998
+0.593x3-3.701xa-1.362x5
+3.65911X3
From analysis the mathematical model of seam strength, 1e cur '3

be observed that when changing the factors within the chosen interval
the factor (X,) has e grest influecnce ofterwards the factors X1,X2,X3,

Xc and the in%eraction X1X3 and ><1)<Ll respectively., Seam strength



T.97

P (MEJ) Vol. 13, No. 2, pec. 1988.

Engineering Journa

nsoura

Ma

(o8 BUITA 3Foa 03 BATIVIAIL UV TFul1a10) UOTIOBITP WBSs BurIuseyd 3o spPousay -2° 31

(o06=8)

(oGt=8)

!

prd T

;§§
§

(,0=8)

b

7

7424

o

it

J

72

v
|
|

AN

A
N

=]

NS
N

nep

fi

_ N@ h

|

doren

/

00=8 33
UOTI0ITP

gurine



T. 98 Hemdan A. Abo-Toleb

increases with using the level + 1 of X, Xy and X, and with e decreese
of the variables X3 and XS.

For the mabthematiczl model of scam exiension, it could pe noticed
that with ah increase of the factors X,, X, and with using the level-1
of xz, Xa and X5 séam extension increases. :

4- RESULTS AND DISCUSSION
&.1- Seam Strength

Figures 3 & & show the effect of seam direction {cutting angle
relative to weft yarns) and the distance between seam line and fabric
edge on seam strength/stitch for both double lock stitch (Xa = =-1) and
single-thread chain stitch (X, = +1). The response surface is easily
influenced by the variables X , X, and X,. There is a8 large increase
in seam strength when Xl‘ X,and X, are a% the highest level. This meas
that when seam line 1is para%lel to warp yarns seam strength increases.
This is may be due to the higher density of warp yarns per unit length
caompared to the weft ones and thdluw mobility of warp yarns., Alsao with
san increase of the distance belween seam line and labric edge up to 2.5
cm the seam-strength gradually increases. This is probably due to the
higher ravelling and slippage resistance of yarns in this case.

Figures 5 & 6 show the effect of cutting angle (X,) and stitch
density {X.) on seam strength for both the levels + 1 & - 1 of variable
Xy {(stitch”type). Seam strength significantly increases when X, and X,
are at the highest level and X, (stitch density) is at the loweSt level.
This is may be due to the fact”that when stitch densilty increases sig-
nificant tfabric damage is occurred and consequently seam strength dec-
reases.

Figures 7 & B show the effect of cutting angle (X,) and linear
density of sewing threads (X.) on seam strength for the two studied
types of stitches. Any decréase in the variable X. 'i.e. linear dens-
ity of sewing thread becomes high} the seam streng?h will slightly in-
creases for both single-thread chain and double lock stitches. Also
the results showed that the seam strength in the case of using single-
th ead chain stitch is higher than that in the case of using double
lock stiteh. This can be explained on the basis of the degree of tig-
htnegs and cohesion achieved during using chaoin stiteh., Also geam
strength slightly increases as the linear density of sewing thread
ir reases. This is mainly due to the higher tensile strength of coarse
se.ing threads compared to the fine ones.

.2- Seam Extension

Figures % & 10 show the effect of cutting angle (X,) and the dis-
tz ice between seam line and fabric edge (X,) on seam exténsion for both
double lock stitch (at X =-1) and single-thread chain stitch (at X,=+1).
Sexm extension increases when X, and X, are at the lowest level and (X,)
is at the highest level. The maximum value of seam extension is occurred
when using doubledock stitch because it consists of two sewing threads
but single-thread chain stitch consists of one thread. In addition to
this, during the br2akage of the single sewing thread in the case of
chain stitch, the fast unwinding of stitches can be occurred such as in
knitted fabrics. Also the maximum value of seam extension is occurred
when seam line is as possible parallel to weft yarns because of the low
density of weft yarns in the direction of seam line. Therefore, it cau-
ses large freedom of sewing threads to be slretched, consequently fabric
seam esxtension increases. And as the distsnce between seam line and
fabric edge increases up to 2.5 cm seam extension increases. This isg
mav be due to increasing the ravellino and sliopane resistance.



Mansoura Engineering IJournaI (MEJ) Yol. 13, No. 2, Dec. 1988. T. 98

X!

.5

Distance belween seam ling and [abric edge (cm)

0.3

0 ns 90
Cutting ang.: relative to welt yarns{degree)

Fig.3: Centrours for seam strenth for -1 level of
variable X, (double lock stitch} (x3 = 0,
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Figures 11 & 12 show the influence of scoam direction {X,) and
stitch density (X,) on seam extension Tor both double lock an? single-
thread' chain stitthes. The maximum value of seam extension could be
obtained at 6 stitehesfem provided that seam line is parallel to weft
yarns. This can be explained by the fact that theg higher sewing threar
extension the longer st :ined stitch length and consequently with in-
crease of number of sti.ches per unit length, the seam extension sligh-
tly increases. Seam extension for double lock stitch is higher, than
that for single~thread chain stitch. This is may be owing to the high-
er elasticity of double lock stitch compared to the single-thread chain
stitch as discussed previously. The results showed that both stitch
type and seam direction affect to a great extent on seam extension com-
pared to the stitch density.

Figures 13 & 14 show the effect of seam direction {cutting angle)
and linear density of sewing thread on seam extension. Stitch type
influences to a great extent on seam extension more than the linear
density of the sewing thread. Seam extension increases as the linear
density was increased. This 'is may be due to the higher extensibility
of the coarse sewing threads.

4.3~ QOptimum ¥alues
4.3.1- Seam strength

The highest values of seam strength of woven fabrics could be
achieved by doublicating the Figures (3,5 & 7} together for the lewel-
1 of variable X, (double lock stitch) as shown in Fig. 15. Similarly,
the Figures (4,6 & 8) could be doublicated together for the +1 level
of variable X, (single-thread chain stitch) as shown in Fig. 16. 3s
can be observed from Fig. 15 which the double lock was used, the opoti-
mum sewing conditions would be found in the optimum zone specially in
point F which the distance between seam line and fabric edge (X,] is
equal to 2 cm and stitch density (X;} is equal to 5 stitches/cm ang
seam direction (X,) is parallel to Warp yarns and sewing thread size
(XBJ is 70/3 Ne will achieve the superior seam strength of woven fabr-
ics.

But from Fig. 16 at point 7 when the distance between seam line
and fabric edge is equal to 1 cm and stitch density (X,) is equal to
3 stitches/cm with 50/3 Ne sewing thread count and seam directiaon is
parallel to warp yarns using chain stiteh, the highest values of seam
strength/stitch could be obtained

4.3.2- Seam extension

Also from Fig. 17 {doublicated from figures 9, 11 & 13 together)
for seam extension in the case of using double lock stitch the eptimum
sewing conditions could be found at point {G)} where the distance bet-
ween seam line and fabric edge is equal to 1.5 cm. and seam line 1is
parallel to weft yarns and stitch density is equal to 4 stitches/em
from 60/3 Ne sewing thread count.

Whereas Fig. 18 represents the Figures(10, 12 & 14) together for
single-thread chain stiteh. From this fiqgure it could be noticed that
the optimum sewing conditions for obtaining the highest seam extension
was found at point H which the distance beltween seam line and Ffabric
edge is 1.2 cm and seam line is parallel to weft yarns and number of
stitches/em is equal to 3 with using 50/3 Ne sewing thread size. These
optimum conditions are very important for sewing stretched waven and/ar
knitted Fabrics.
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5- CONCLUSIONS

From the work described in this paper the following conclusions
have been deducod:
The optimum sewing condilions for giving Lhe hhiyghest seam streng-
th of woven fabrice are:
(a) When using double lock stitch:
-~ The distance between seam line and fabric edge is about 2 cm.
--Seam direction is as poss1ble parallel to warp yarns.
- Number of stitches/cm is nearly 5.
- The linear density of sewing thread is about 70/3 Ne.

(b) When using single-thread chain stitch:
~ The distance between seam line and fabric edge is about 1 em.
- Seam direction is parallel to warp yarns.

Number of stitches/cm is about 3.

- 50/3 Ne sewing thread size.

Seam strength of woven fabrics sewn with using single-thread chain
stitches is higher than that sewn with using double lock stitches.
Caonversely, the woven fabric sewn wilh double lcck stiteh gives the
greatest seam extension compared to the fabric sewn with single-
thread chain stitch.
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