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Joining of the parts of clothing items in the clothing industry is mostly done with 
sewing threads, of which polyester threads occupy a significant place. At the joining 
places e.g sewing, together with the seams and stitches, the threads should provide 
adequate comfort to the garment. The characteristics of the seams will also depend 
on their characteristics. The paper analyzes polyester threads from staple fibers, 
linear density from 23 tex to 48 tex. The dependences between the mechanical 
characteristics of the threads and the threads in the loop, as well as their mutual 
relations by the corresponding coefficients are presented. The obtained results can 
be used by manufacturers of sewing threads and clothes in the design and the 
selection of threads for the purpose of predicting the mechanical characteristics of 
seams on garments.
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Introduction 

During the exploitation of textile materials, their di-
mensions change (usually by stretching). It is the same 
with sewing threads. Therefore, the basic task when 
designing the process of their processing (e.g. sewing 
parts of clothes) is to predict the allowable loads that 
would not cause the occurrence of permanent deforma-
tions.

Quantities such as elasticity limit, tensile strength 
and residual deformations describe the deformation 
characteristics of the threads under the action of a cer-
tain tensile force. Knowing these characteristics under 
the action of a constant or variable force will enable the 
correct design of the technological process of sewing.

Due to the specific internal structure of fibers (com-
plex polymeric materials), all three types of deforma-
tions (elastic, viscoelastic and plastic) appear at the 
same time during their loading, so that their rheological 
constants cannot be determined as in elastic materi-
als. This problem is emphasized in single-thread and 
finished yarns, i.e. the threads in which it is additionally 
difficult to determine rheological constants due to their 
complex internal structure and the way of connecting 
the basic structural elements in them [1].

Mechanical properties determine the ability of sew-
ing threads to resist the action of various external forc-
es that can cause different types of deformations (shear, 
compression, stretching, twisting, bending, complete 
destruction, etc.). As a result of the action of these forc-
es, there are changes in the shape and dimensions (i.e. 
external appearance) and disturbances in the structure. 
The magnitude of the induced deformation depends 

on the type, intensity, manner and time of action of the 
force, as well as on the time of relaxation and rest [2,3].

Some studies have shown that even small loads of 
textile materials cause residual (plastic) deformations. 
Therefore, the elastic limit means the stress which, after 
unloading and resting for one minute, does not leave 
behind a deformation greater than 0,1 % (relative elon-
gation). In other studies, half of the initial modulus is 
recommended for the allowable load limit (initial modu-
lus - force causing a relative elongation of 1 %) [4,5]. For 
the load limit, the so-called elastic limit to the “module” 
curve is used which is the first derivative of the force by 
relative elongation based on the curve F-ε [5,6].

Depending on the mode of action of the load, there 
are three groups of mechanical characteristics of yarns 
and threads: semi-cyclic, single-cycle and multi-cycle 
[7]. Semi-cyclic yarns and threads are obtained by test-
ing during the action of the load, single-cyclic during the 
whole cycle load-unloading-rest and multi-cyclic during 
the action of the whole cycle several times. Depending 
on the material tear during testing, i.e. until complete 
disruption of the structure or not, the semi-cyclic and 
multicyclic characteristics can be intermittent and con-
tinuous [2,8].

Experimental

Material and methods
Polyester sewing threads made of "high strength" 

staple fibers were used for the experimental part in the 
work. The characteristics of the fibers according to the 
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manufacturer's specification are: length 38 ÷ 40 mm, lin-
ear density 0,133 tex (1,2 den), relative breaking force 
>65 cN·tex-1, breaking elongation 25%. 25 threads of 
different linear density from 23 tex to 48 tex were used, 
which have two (threads from 1 to 18) and three yarns 
(threads from 9 to 25) in the structure.

The following methods were used:
- SRPS EN 12751:2008 Textiles - Sampling of fibres, 

yarns and fabrics for testing
- SRPS EN ISO 139:2007/A1:2014 Textiles - Stand-

ard atmospheres for conditioning and testing - Amend-
ment 1

- SRPS EN ISO 2060:2012 Textiles - Yarn from pack-
ages - Determination of linear density (mass per unit 
length) by the skein method

- Koehlin formula for thread twist coefficient
- SRPS EN ISO 2061:2016 Textiles - Determination 

of twist in yarns - Direct counting method
- SRPS EN ISO 2062:2012 Textiles - Yarns from 

packages - Determination of single-end breaking force 
and elongation at break using a constant rate of exten-
sion (CRE) tester (also for the mechanical characteris-
tics of the thread of the loop).

According to the function of the curve F-ε, with the 
appropriate software, the values of forces and elonga-
tions at the first irreversible change in the structure of 
the thread and the thread of the loop, as well as the 
upper load limits were determined.

Uster Autosorter 3 and Tinius Olsen H5KS were 
used as test devices.

Results and discussion

Before each use of materials in the further production 
process, it is necessary to check their characteristics. 
Table 1 shows the test results of linear density Tt, num-
ber of twist T, thread twist coefficient αt, breaking force Ft, 
breaking elongation εt, relative breaking force Frt, break-
ing force in loop Fl, breaking elongation in loop εl.

Table 1. Results of testing the characteristics of polyester sew-
ing threads and threads in the loop

According to the results shown in Table 1, Figure 1 

shows the dependence of the breaking force of the 
thread in the loop on the breaking force of the thread, 
and Figure 2 shows the dependence of the breaking 
elongation of the thread in the loop on the breaking elon-
gation of the thread.

Figure 1. Dependence of the breaking force of the thread in 
the loop on the breaking force of the thread

Figure 2. Dependence of the breaking elongation of the thread 
in the loop on the breaking elongation of the thread

From the Figures, it can be noticed that the depend-
encies between these characteristics are quite satisfac-
tory in terms of the functional dependence, which is con-
firmed by the values of Adj. R-Squar (0.871 and 0.746) 
and can be represented by the corresponding functional 
equations (1 i 2):

                                          ...............................................(1)

                                        .....................................................(2)

These dependencies can be used in predicting the 
breaking characteristics of sewing threads in a loop, and 
further used for breaking characteristics of seams.
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Table 2 shows the values of deformation character-
istics of threads and the threads in the loop determined 
on the basis of force-elongation curves: force at the first 
irreversible change in the thread structure Ft1, elonga-
tion at the first irreversible change in the thread structure 
εt1, force at the upper limit of the thread load Ft2, elonga-
tion at the upper thread load limit εt2, force at the first 
irreversible change in the thread structure in the loop Fl1, 
elongation at the first irreversible change in the thread 
structure in the loop εl1, force at the upper thread load 
limit in the loop Fl2, elongation at the upper limit thread 
loads in the loop εl2.

Table 2. Values of deformation characteristics of polyester 
sewing threads and threads in the loop

Table 3. Coefficients of mutual relations of mechanical and 
deformation characteristics of polyester sewing threads and 
threads in a loop in relation to breaking characteristics of 
threads

In order to be able to use the stated values of thread 
characteristics (from Tables 1 and 2) for further analy-
sis, Table 3 shows the coefficients of mutual relations of 

these quantities and breaking characteristics with statis-
tical processing.

It can be seen from Table 3 that based on the results, 
the coefficients of ratio (i.e. share) of breaking charac-
teristics of threads in the loop (columns 2 and 3), defor-
mation characteristics of threads (columns 4, 5, 8 and 
9), deformation characteristics of the threads in loops 
(columns 6, 7, 10 and 11) with breaking characteristics 
of the threads, and also the deformation characteristics 
of the threads in the loop (columns 12 and 13) with the 
deformation characteristics of the threads (columns 12 
and 13). These relations can also be represented by the 
equations (3÷14):

                            .......................................................(3)

                             .....................................................(4)

                              ....................................................(5)

                               ...................................................(6)

                              ....................................................(7)

                              ....................................................(8)

                              ....................................................(9)

                               ..................................................(10)

                            ...................................................(11)

                              ..................................................(12)

                               ..................................................(13)

                               .................................................(14)

These equations essentially represent what propor-
tion of the breaking characteristics of the threads is con-
tained in the deformation and breaking characteristics of 
the threads and the threads in the loop.

Conclusion

When wearing clothes, it is exposed to atmospher-
ic, physical and chemical influences, and especially to 
stresses. The stress of the material depends on the 
movement of the body, the cut of the garment, the way it 
is made, the material, etc. Excessive stresses can lead 
to damage and deformation of clothing that occur on the 
materials in the area of the seam, the seam itself (thread 
break) and less often on the material itself.

Based on the results presented in the paper, it is 
possible to predict the relations, i.e. mutual relations 
of mechanical and deformation characteristics of sew-
ing threads and threads in the loop: breaking forces and 
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elongations of threads and threads in the loop, forces 
and elongations at the first irreversible change in the 
structure of threads and threads in the loop, forces 
and elongations at the upper load limit of threads and 
threads in the loop. Thanks to these relations, the share 
of  breaking characteristics of the threads contained 
in the deformation, and breaking characteristics of the 
threads and the threads in the loop can be defined.

Therefore, the basic task in designing the process of 
making sewing threads and their use (e.g. sewing parts 
of clothes) is to predict the allowable loads that would 
not cause the occurrence of permanent deformations.
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Spajanje delova odevnih predmeta u industriji izrade odeće se najviše vrši šivaćim 
koncima od kojih poliesterski konci zauzimaju značajno mesto. Na mestima spa-
janja odnosno šivenja, zajedno sa šavovima i bodovima, konci treba na obez-
bede odevnom predmetu odgovarajuću komfornost. Od njihovih karakteristika 
zavisiće i karakteristike šavova. U radu su analizirani poliesterski konci iz štapelnih 
vlakana, podužnih masa od 23 tex do 48 tex. Prikazane su zavisnosti između 
mehaničkih karakteristika konaca i konaca u petlji kao i njihovi međusobni odnosi 
odgovarajućim koeficijentima. Dobijeni rezultati mogu poslužiti proizvođačima 
šivaćih konaca i odeće u projektovanju i izboru konaca u svrhu prognoziranja 
mehaničkih karakteristika šavova na odevnim predmetima.

ANALIZA MEHANIČKIH KARAKTERISTIKA POLIESTERSKIH ŠIVAĆIH 
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