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ABSTRACT

In this study, denim fabrics woven 3/1 Z twill with different constructions were performed dynamic
seam fatigue tests. Determination of seam openings with dynamic seam fatigue test were made
according to ASTM D4033-92 using Dynamic Seam Fatigue Tester. As a result; seam openings of
samples containing elastane 2-3% were lower than 100% cotton sample. It has been obtained that
seam openings in weft direction of the samples containing elastane were lower than seam openings in
warp direction. But seam openings in weft direction of the 100% cotton sample were higher than seam
openings in warp direction. Besides when number of strokes increases, seam openings increase, too.
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1. INTRODUCTION

In apparel production, the sewing process is one of the critical processes in the
determination of productivity and the quality of the finished garment. Consistency of sewing
quality is essential if the apparel manufacturer is to satisfy the customer. Failings or
variations in sewing quality may be caused by one or both of the following factors:
mechanical factor (the sewing machine) and human factor (the operator) [1].

Performance characteristics of seam like; seam strength, seam opening and seam damage
besides performance characteristics of fabrics should be investigated to evaluate clothing
performance. The expected performance value of a textile product varies depending on the
field of use of products. Research and development (R&D) works on parameters such as
structural features of the products, the raw materials and the physical or chemical processes
are required [2].

When the seam, which is defined as joining of two or more fabrics by means of one or more
rows of stitches, is exposed to transverse strain, a displacement (seam slippage) of the stitch
can occur. According to some results from experimental investigations, the amount of seam
opening mainly depends on the fabric structure, the character of yarn systems in the fabric,
the seam type, the stitch density and the sewing-thread tension [3].

Lomov (1998) proposed a mathematical model of a woven fabric deformation during an
interaction with a needle and to compute the penetration force as a function of warp and weft
mechanical properties, weave pattern [4].

Hui and et all (2007) investigated the use of artificial neural networks (ANN) to predict the
sewing performance of fabrics. The purpose of this study is to verify the ANN techniques that
could be emulated as human decision in the prediction of sewing performance of fabrics.
After 10,000 iterations of training of backpropagation (BP) neural network, the neural network
converged to the minimum error level. The experimental results reveal the great potential of
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the proposed approach in predicting the sewing performance of fabrics for apparel
production [1].

Haghighat and et all (2014) investigated the sewability of the woven denim fabrics based on
needle penetration force (NPF). Measurement of NPF was performed on an Instron 5566
Tensile Tester. The statistical analysis results show that NPF is influenced by these
parameters. Fabric weight has a greater effect on NPF than other parameters. With
increasing fabric weight, number of fabric layers, and needle size, the NPF increases. The
trend of this increase is nonlinear as predicted by a cubic regression equation. The fabric
sewability is also influenced by the mentioned parameters. The fabric sewability becomes
poor with increasing fabric weight, needle size, and number of fabric layers. Generally, lighter
fabrics sewn with finer needles have better sewability [5].

Shimazaki and Lloyd (1990) analyzed the opening behavior of lockstitch seams under cyclic
loading conditions, using models of the slippage of yarns in the fabric and the deformation of
the stitch itself. The extension properties of the sewing thread under constant cyclic loading
conditions were included by using an empirical formula to predict the maximum strain in
terms of the applied load and its number of repetitions. Similarly, an empirical formula was
used to predict the amount of yarn slippage in woven fabric, in terms of the applied load and
its number of repetitions. This formula was obtained from experiments in which the sewing
threads in a lockstitch seam were replaced by pins. These results were combined to provide
a method for predicting the deformation of a stitch under cyclic loading conditions. The
amount of seam opening actually occurring was measured experimentally under different
conditions and compared with the calculated values [6].

2. EXPERIMENTAL
2.1.Materials

In this study, denim fabrics which have 3/1 Z twill weave structure and different fiber blend
ratios were used. Physical properties of denim fabrics are given in Table 1.

Table 1. Physical properties of denim fabrics

: . Weight | Thickness varm Density Per Yarn Count (Nm)

No |Fiber Blend Ratio (%) (g/m?) (mm) Centimeter(yarns/cm)
Weft Warp Weft Warp
1 |100 (Co) 434,53 0,838 18 29 16,4 14,58
2 |98/2 (Col Lycra) 323,79 0,66 21 30 25,92 15,63
3 192/6/2 (Co/PBT/Lycra) 383,28 0,734 20 32 21,3 17,44
4 |77/20/3 (Co/Pes/Lycra) | 340,18 0,6 25 50 30,06 22,56
5 198/2 (ColLycra) 361,48 0,664 22 31 19,19 15,11

Dynamic seam fatigue tests were applied to fabrics in Table 1. Properties of sewing yarns
used for combining samples according to Type 301 were given in Table 2.

Table 2. Properties of sewing yarns [8]

No | Type of Sewing Yarn Ply Yarn Count (Nm) Average Strength (cN)
1 Poly/poly core spun 2 30 4,787
2 Poly/poly core spun 2 50 3,528
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2.2. Method

The determination of seam openings with dynamic seam fatigue tests; were performed using
dynamic seam fatigue tester according to ASTM D4033-92 Standard Test Method for
Resistance to Yarn Slippage at the Sewn Seam in Upholstery Fabrics.

Figure 1. Dynamic seam fatigue tester [7]

Two parts of fabric which have 190 x 255 mm dimensions for one fabric were cut for dynamic
seam fatigue tests. When warp yarns of both of these parts were parallel to the edge of the
255 mm, they were sewn and referred to warp-warp samples. When weft yarns of both of
these parts were parallel to the edge of the 255 mm, they were sewn and referred to weft-
weft samples. When warp yarns of one of these parts was parallel to the edge of the 255 mm
and weft yarns of the other part was parallel to the edge of the 255 mm, they were sewn and
referred to warp-weft samples. Three of warp-warp samples, three of weft-weft samples and
three of warp-weft samples for each fabric were prepared.

The samples were sewn according to type 301 stitches with sewing needle 90 numbers as
fineness. Stitch density was adjusted to be 7,5 stitches/inch for each sample. Polyester core
spun sewing yarn 30 Nm as upper yarn, 50 Nm as lower yarn were used. Sewn samples
were placed in montage boxes having a flexible polyurethane foam composite in. Center line
of the seam was placed to be parallel to the wheel and distance of them was 25 £ 3 mm.

Rubber coated wheels fell on the samples from a fixed height. The frequency of the wheel
was set to 25 + 2 stroke/min. 7000 strokes were applied to each fabric. Before starting the
periodic stroke, first measurements of seam openings were recorded from three warp-warp,
three weft-weft and three warp-weft samples for one fabric. Dynamic seam fatigue tester was
stopped at the end of every 500 strokes and seam openings occurred at the seam line were
measured using a magnifying glass and a caliper. When 7000 strokes (7000 strokes/500
strokes = 14 measurements) completed, test was finished. 15 measurements including first
measurement and 14 measurements were taken from each sample.

3. RESULTS and DISCUSSION

Seam opening on warp-warp, weft-weft and warp-weft samples were evaluated seperately
for each fabric because of fabrics have different physical parameters. Seam opening results
with dynamic seam fatigue test of samples were given in Table 3. As shown in Table 3, first
nine measurements were taken before test was started. Second measurements were taken
after 500 strokes. The other measurements were also taken in the same way at the end of
every 500 strokes until 7000 strokes. In this way 15 measurements were obtained.
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Table 3. Seam opening results

Number of Strokes

Sample Type ™ ™50 [ 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 5000 | 5500 | 6000 | 6500 | 7000
1 |1.29|141] 1.6 | 1.6 | 1,31 | 1.33 | 1.35 | 1.5 | 452 | 1,91 | 1,01 | 1,01 | 1,92 | 1,92 | 1,92
w§rp 2 | 117|151 1.64 | 1,75 | 1,84 | 1,94 | 1,04 | 1,94 | 4,95 | 1,98 | 1,08 | 1,98 | 1,08 | 1,98 | 2.3
Warp |3 1.17[2.04[ 2,13 [2.15 (2,39 [2.41 [ 263 | 2.7 | 2.7 | 276 [ 2,76 | 2.76 | 2.76 | 2.76 | 2,76
Mean | 1,21 | 1,65 | 1,79 | 1,83 | 1,85 | 1,89 | 1,97 | 2,05 | 4.06 | 2,22 | 2.22 | 2.22 | 2.22 | 2,22 | 2.33
1 | 08 |571]603 603608615615 62 | 635 | 6,47 | 65 | 6,55 | 6,55 | 6,55 | 6,55
ngﬁ 2 | 114 33 | 3,46 | 3,63 | 3,79 | 3,87 | 3,91 | 3.96 | 4,12 | 4,26 | 4,26 | 4,29 | 429 | 43 | 43

Weft 3 1,14 555|588 | 621 | 6,23 | 638 | 64 [669 | 6,7 | 682|701 |701]|701]|703]|703
Mean | 1,03 (4,85 | 5,12 | 5,29 | 5,37 | 5,47 | 549 | 5,62 | 5,72 | 5,85 | 5,92 | 5,95 | 5,95 | 5,96 | 5,96

1 1492781279 | 28 | 28 | 28 | 283|283 |283]|284 3 3 3 3 3

Wgrp 2 1,1 [ 3,77 443 | 453 | 4,6 3,7 | 469 | 491 | 508 | 512 | 537 | 54 55 | 552 | 559

Weft 3 12 [ 284|336 | 354|361 | 3,7 3,7 | 3,76 | 3,76 | 3,76 | 3,76 | 3,76 | 3,77 | 3,77 | 3,77

Mean | 1,26 | 3,13 | 3,53 | 3,62 | 3,67 | 3,40 | 3,74 | 3,83 | 3,89 | 3,91 | 404 | 405 | 409 | 410 | 4,12

1 1,13/136(139| 14 (143|149 |15 | 16 |1,75| 175|197 |197 |1,99 | 1,99 | 2,03

Wwarp 2 107|107 12 |128 133|136 | 14 (142|146 149|154 158|162 165|168

Wirp 3 1,7312,02| 204 | 204 | 21 [ 213|214 | 2,2 | 221 |222[225] 23 |231]231] 232
Mean [ 1,31 148154 | 157|162 166|170 (174|181 182|192 |195 197|198 201

1 083(102(119|121[133|133|145|149|155]| 1,6 16 | 164 | 167|168 | 1,75

ngﬁ 2 082|098(107 109 115|118 | 12 |126 136|146 | 15 |152 | 153|155 | 1,56
Weft 3 07 (0771107112113 |119 125|131 135|135 135|174 |177 177|178

Mean (0,78 10,92 | 1,11 | 1,14 | 1,20 | 123 | 130 (135|142 147 148 163|166 1,67 | 1,70

1 101111114 127|127 (128 136|143 148|151 |152] 16 |162]163 ]| 165

Warp T 086 | 1.3 | 1,37 | 1,37 | 1,49 | 1,49 | 1,61 | 1,68 | 1,72 | 1,75 | 1,84 | 1,86 | 1,86 | 1,87 | 1,87

& 3 092|108[126 (129|129 (132|141 )1149]155]155|158 163|174 |174|176

Weft Mean [0,93 1,16 1,26 | 1,31 | 135|136 | 146 (153|158 160|165 | 170|174 |1,75]| 1,76
1 148|262 | 284 | 286|317 | 32 [324| 33 |33 (33 [343]| 34 | 35| 35 | 353

Wgrp 2 1111112119 | 1,2 12 126128 131|134 (136(138 138|141 |141|151
Warp 3 1,33|1187 (194 | 1,2 | 122 126|136 | 1,4 1,4 1,4 {168 | 1,77 183185 2,16
Mean [ 1,31 |1,87)199 |1,75]186 | 191 | 196 |200 | 203|204 |216|218 |225]|225]| 240

1 0721107117 | 12 |122]126]136| 14 1,4 1,4 153156 (158 | 16 | 1,69

W;ﬁ 2 075107117 | 12 |122|124]136| 14 1,4 14 | 153|156 (158 | 16 | 1,69
Weft 3 069/093|117| 12 [123 126|136 | 14 1,4 14 | 153156 (158 | 16 | 1,69
Mean | 0,72 1,02 | 1,17 | 1,20 | 1,22 | 1,25 | 1,36 | 1,40 | 1,40 | 1,40 | 1,53 | 1,56 | 1,58 | 1,60 | 1,69

1 085(093|101 (108|118 |126| 1,3 |137]138|138 138|138 | 14 1,4 1,4

Wgrp 2 1,13|1126|161 | 169 | 1,77 {181 189|201 |202]|202]|207]|207]|212]|212 | 2,12
Weft 3 095(126(127 127|133 (138(139)139|139)139|139 139|139 |1,39]|143

Mean [ 0,98 1,15 130 | 135143 |148 | 153|159 160|160 |161 |161 |164|164 ]| 165

1 1991322322 325|335 34 [346 355|355 (355 [357]| 36| 36 | 36 | 36

Warp T 271,77 | 1,77 | 4,77 | 477 | 4,77 | 1,77 | 1,77 | 1.8 | 1,89 | 1,89 | 1,89 | 1,89 | 1,89 | 1,9

& 3 096/098|104 107 |115| 12 [129]129]135|135|139|141|146| 155|159

Warp Mean | 1,57 (1,99 | 2,01 | 2,03 | 2,09 | 2,12 | 2,17 | 2,20 | 2,23 | 2,26 | 2,28 | 2,30 | 2,32 | 2,35 | 2,36

1 0,73/0,73/083 (089 | 09 |105|107|107 107|107 107107107 111|111
Wgﬁ 2 073/0,73/ 08 [089] 09 |105(107 107139139139 139|141 146|149
Weft 3 08 {08109 (099109109 1,1 111 | 13 |[133 133|133 [137 141|143

Mean | 0,75 0,76 | 0,86 | 0,92 | 0,96 | 1,06 | 1,08 | 1,08 | 1,25 | 1,26 | 1,26 | 1,26 | 1,28 | 1,33 | 1,34

1 0,770,771 0,88 | 0,88 | 0,88 | 0,88 | 0,98 | 0,98 1 105|113 113|113 | 1.2 1,2

Warp F5 027 12 | 1,27 | 1,27 | 1,33 | 14 | 145 | 15 | 15 | 16 | 16 | 1,7 | 1.7 | L7 | 1,75

Wgéﬁ 3 07912 |127 137|156 163|163 | 1,7 |1,74|174|175|175|175|1,75]|1,85
Mean | 0,78 | 1,06 | 1,14 | 1,17 | 1,26 | 1,30 | 1,35 [ 1,39 | 141 | 1,46 | 1,49 | 153|153 | 1,55 | 1,60

1 106181181 | 19 |[198|203|203]|207| 21 | 21 |[215]216]|216| 2,22 | 2,23

Wgrp 2 09912919 |138 138 | 14 14 [141 147|147 155|156 |158 | 165 1,67
Warp 3 053117125 |126 (134|134 (138|141 |146 146|157 159|161 164|166
Mean [ 0,86 | 1,42 167 | 151|157 159|160 163|168 |168 176|177 178|184 185

1 0421099 11 11 (119122 (122|125 |125(127]135]135]136) 136|148

W;ft 2 049|099|106| 11 |1,11|118(119]119]122)129 136|139 | 14 |142 | 142
Weft 3 033/104[105|109 (114 |115|115 117 | 12 |122|129| 1,3 |132 136|149
Mean | 0,41 1,01 107 | 1,10 | 1,15 | 1,18 | 1,19 (1,20 | 122 | 1,26 | 1,33 | 1,35 | 1,36 | 1,38 | 1,46

1 046111113 |114 1,16 (1,18 |122 122|123 |123| 1,3 |133|133|1,35]| 1,47

Wgrp 2 028|108[112 (118 119|123 [129| 13 |132)136| 14 |142 | 142|145 | 152
Weft 3 01911 (112 | 1,2 12 126 (129| 13 |133[136|136 138|139 | 143|159

Mean 0,31 1,10 1,12 | 1,17 | 1,18 | 1,22 | 127 {127 | 129|132 135|138 |138|141] 153




15t AUTEX World Textile Conference 2015
Junel0-12, 2015, Bucharest, ROMANIA

Means of three warp-warp, three weft-weft and three warp-weft samples were taken in the
graphs. Seam opening results of sample 1 were shown in Figure 2.
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Figure 2. Seam opening results with dynamic seam fatigue test of sample 1

Sample 1 is 100% cotton denim fabric. Seam openings of weft-weft samples were higher
than other samples and seam openings of warp-warp samples were lower than other
samples. Seam opening results with dynamic seam fatigue test of sample 2 is shown in

Figure 3.
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Figure 3. Seam opening results with dynamic seam fatigue test of sample 2

Sample 2 is denim fabric containing 98% cotton and 2% lycra. Seam openings of the warp-
warp samples were higher than the weft-weft samples. It is said that amount of seam
openings of samples decrases when fabric contains lycra in weft direction. Seam opening
results with dynamic seam fatigue test of sample 3 is shown in Figure 4.
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Figure 4. Seam opening results with dynamic seam fatigue test of sample 3

Sample 3 is denim fabric containing 92% cotton, 6% polybutylene terephthalate and 2%
lycra. Seam opening of this sample is similar with sample 2. Seam opening in warp-warp
samples in first 2000 strokes quickly realized. After 2500 strokes it is seen similar results with
sample 2. Seam opening results with dynamic seam fatigue test of sample 4 is shown in
Figure 5.
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Figure 5. Seam opening results with dynamic seam fatigue test of sample 4

Sample 4 is denim fabric containing 77% cotton, 20% polyester and 3% lycra. Seam
openings of sample 4 is the lowest. Seam opening results with dynamic seam fatigue test of
sample 5 is shown in Figure 6.
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Figure 6. Seam opening results with dynamic seam fatigue test of sample 5

Sample 5 is denim fabric containing 98% cotton and 2% lycra. Sample 5 has the lowest
seam openings in all of samples. Fiber blend ratio of this sample is same with sample 2 but
yarn density of this fabric is higher than sample 2. Reason of low seam opening of sample 5
can be explained with high yarn densities.

4. CONCLUSIONS

In this study, denim fabrics woven 3/1 Z twill with different constructions were performed
dynamic seam fatigue tests. Seam opening on warp-warp, weft-weft and warp-weft samples
were evaluated seperately for each fabric because fabrics have different physical
parameters. Seam opening decrease when the fabric has lycra in weft direction. When lycra
ratio in weft direction increase, the amount of seam openings decrease. Seam openings in
the weft direction of 100% cotton fabrics is higher than the warp direction. Sample 5 has the
lowest seam openings in all of samples. Fiber blend ratio of this sample is same with sample
2. When we compare them reason of low seam opening of sample 5 can be explained with
high yarn densities.
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