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1. Introduction

Dynamic loading of threads caused
by tensile forces, as well as result-
ing frictional forces during the pro-
cess of sewing, have a detrimental
influence on the processing proper-
ties of the threads. In the course of
stitch formation process, needle
thread is particularly exposed to
tensional, frictional and bending
loads.

The analysis of machine/technical
solutions of stitch formation, in-
cluding connected thread move-
ment over guiding elements and
working mechanisms of the sewing
machine, shows that the thread is
exposed to friction forces on the
guiding elements in the area of sew-
ing needle eye, when penetrating
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This paper presents a research into the influence of the stitching speed on changes
of the mechanical properties of the polyester core-spun sewing threads, which were
twisted by different number of thread turns, and different lubrication method (in
apparatus and on the galette). The dynamic loading of the threads arises during
the sewing process depend on the stitching speed, that causes greater or smaller
changes of the threads’ mechanical properties. It was found that the expressive
changes appear when the sewing process was performed at higher stitching speed,
and depend also on the twist intensity and on the lubrication method employed. It
was established that with increasing stitching speed increases changes in the break-
ing tenacity, breaking extension and elasticity modulus of the thread-twisted fibres
that provokes also changes of the threads mechanical properties after the sewing
process. On the basis of the research of the threads 'resistance on the dynamic loading
during the sewing process at the same stitching speed it was found, that the great-
est resistance offers the threads twisted with smaller number of the thread turns and
threads treated with apparatus lubrication method.
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the fabric, and when interlacing
with the bobbin thread [1].

The loads to which thread is ex-
posed, because of bending in stitch
formation process, are determined
by its movement through thread
guiding elements, tension regulator,
take-up lever, sewing needle eye,
the fabric and bobbin parts. The
deformations that occur are of a
problematic nature at the bend of
the thread in the area of the sewing
needle eye, and in the area of nee-
dle and bobbin thread interlacing
(2].

Apart from the dynamic loading, the
needle thread is, during the stitch
formation, exposed to numerous
friction loads and bending with a
small bending diameter, pressure,
torsion and wearing as well as to

high speeds and acceleration [2, 3].

The thread must, therefore, have
such properties that can overcome
dynamic and thermal loads, which
originate due to cyclic loads at dif-
ferent stitching speeds. They must
not cause significant changes in
thread strength.

The mechanical properties of the
thread, in addition to the other con-
structional parameters, depend on
the mechanical properties of the
thread-twisted fibres, and on the
twist intensity. Intensive twist im-
parts the necessary smoothness to
the thread and resistance to rubbing,
and additionally specific strength
and elasticity, which the thread
needs for overcoming the techno-
logically induced forces of the sew-
ing process.
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2. The influence of thread
dynamic load on the
changes in mechanical
properties

The analysis of stitch formation
forces associated with dynamic
loads, shows that thread is exposed
to numerous loads on its way from
the package to the formed stitch.
This is reflected in the form of
strength fluctuation [1]. Fluctuation
in thread strength is closely con-
nected with thread passages over
the guiding elements of the sewing
machine. Friction and bending oc-
cur between the needle thread and
the touching areas, as well as fric-
tion with the bobbin thread. It is
well known that the highest thread
tension force occurs at the moment
of stitch tightening [1, 4]. Analysis
of the impact of stitching speed on
thread dynamic load shows in-
creased stitching speed means high-
er thread tensile force and higher
friction between guiding elements
and sewing machine working mech-
anisms. The consequence of this are
noticed fluctuations in thread
strength after the sewing process [3-
5].

The range of thread strength fluctu-
ation is a function of the acting dy-
namic loads on the thread and its
ability to offer resistance to the ef-
fecting load. Any fluctuation in
thread breaking tenacity can be as-
signed to the changes in the fibre
mechanical properties, in regard to
dynamic loading and/or in regard to
the changes in thread structure. The
majority of these loads are by nature
cyclical, therefore thread fatigue
results, associated with the fatigue
ofthe individual fibres in the thread
[6-8].

Fatigue in the fibres twisted into the
thread can lead to excessively low,
or, on the other hand, unacceptably
high twist intensity. Too low twist
intensity can, because of unsuitable
coherence, cause thread flatness at
transversal loading in the area of the
sewing needle eye, where a number
of thread fibres are directly exposed

to bending and frictional forces.
Thread entanglement, ties and
knots, are associated with excessive
intensity of the twists, leading to
unacceptable deformations. An ex-
cessive number of thread twists also
leads to critical transversal loading
and to a lower than acceptable
thread breaking tenacity. This is
reflected in lower resistance to dy-
namic loads. An optimal number of
thread twists ensures a more circu-
lar shape of the thread cross-section.
Minimal contact areas between the
thread and sewing needle are thus
achieved, which reduces thread de-
formation due to the friction and
rubbing with the sewing needle [5].
On the other hand, an optimal
number of thread twists ensures
suitable viscoelastic properties for
the thread, which are necessary for
proper resistance to dynamic loads
during the process of sewing, as
well as for resistance to loads in use,
especially in wearing.

All the above indicates that the fi-
nal value of breaking tenacity and
extension cannot be decisive cha-
racteristics in projecting thread
properties. The thread, however,
should have appropriate viscoelas-
tic properties, which are important
for its behaviour at the lower loads,
so that dynamic conditions can be
transmitted in sewing. It is, there-
fore, important for the sewing pro-
cess that the threads dynamic ten-
sion, which is defined as a quotient
of'tensile force and thread fineness,
does not exceed the value of the
tension at the yield point. Tensile
force, when acting on the thread in
the stitch formation process, caus-
es elastic thread deformation. If
dynamic thread tension exceeds the
tension at the yield point, plastic
deformations of the thread occur,
which are reflected as fluctuations
in the thread viscoelastic properties

[9].

3. Experimental

The influence of the different stitch-
ing speed on its resistance to dy-
namic loads was investigated. The

investigations included considering
the changes in thread mechanical
properties, as well as the properties
of'the fibres twisted into the thread,
after the process of sewing. The
influence of thread dynamic loads,
dependent on stitching speed, on the
changes in thread mechanical pro-
perties, as well as on the changes of
individual fibres in the thread, was
recorded for the purpose.

Preparing process and properties of
the researched threads for this anal-
ysis are described in the paper [10].
The threads specimens, designated
as ST1, ST2, ST3, were surface
treated in apparatus, while the
threads designated as ST4, STS5,
ST6 were treated on the galette.
Research of the dynamic loads on
threads was performed on the same
material and parameters described
by [10], while the sewing process
was performed at three different
stitching speeds: n, = 2000 rpm,
n, = 3000 rpm and n; = 4000 rpm,
with a predetermined thread ten-
sion, which assured a faultless seam
at all speeds. The needle thread was
carefully taken out of the seam af-
ter sewing and individual fibres
were separated from the thread fila-
ment core for measuring the chan-
ges in the threads viscoelastic pro-
perties, if any.

Measurements of dynamic loads as
related to the thread tensile force
were carried out on a Brother DB2
B737-913 sewing machine, using a
specially developed device for
measuring thread tensile force. The
results obtained are given as aver-
age values of the 50 characteristic
tensile force peaks at the moment of
stitch tightening. Thread dynamic
tension was calculated for each par-
ticular stitching speed. Measure-
ments of the thread mechanical
properties were carried out on a
measuring system for measuring
thread tensile loads, developed in
the Laboratory for Clothing Engi-
neering at the Faculty of Mechani-
cal Engineering in Maribor. The ave-
rage tension-extension curve was
defined on the basis of these meas-
urement results using a VILSUK
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Tab.1 Static pre-tension, tensile force and dynamic tension of the analysed threads

Stitching Static pre- Tensile force F; Dynamic tension
Thread tension Average value Standard deviation Variation coeff.
speed op
type (rpm) Fst Ft S Ccv (CNtCX-])
(N) (N) (N) ()
2000 1.23 0.09 7.46 4.03
ST1 3000 1.6 1.23 0.09 7.07 4.06
4000 1.24 0.06 4.88 4.08
2000 0.97 0.14 14.23 3.15
ST2 3000 1.4 1.02 0.21 20.27 3.31
4000 1.08 0.08 7.63 3.48
2000 1.06 0.15 13.75 3.36
ST3 3000 1.4 1.07 0.20 18.72 3.39
4000 1.07 0.08 7.66 3.40
2000 1.07 0.09 8.75 3.72
ST4 3000 1.4 1.09 0.16 14.44 3.79
4000 1.13 0.09 8.34 3.93
2000 1.07 0.14 12.70 3.69
ST5 3000 1.9 0.92 0.23 25.12 3.16
4000 1.13 0.08 7.19 3.90
2000 1.05 0.11 10.72 3.57
ST6 3000 1.6 1.08 0.13 12.16 3.65
4000 1.10 0.09 8.56 3.74

special computer programme, and
the viscoelastic parameters of the
sewing thread were evaluated [11,
12]. Measurements of the fibre me-
chanical properties were carried out
on a Vibrodyn 400 electronic feed-
ing dynamometer, connected to a
Vibroskop 400 linear density meas-
uring device. The dynamometer
used a suitable programme to record
linear density, breaking force and
breaking elongation, and automati-
cally calculated breaking tenacity,
breaking extension and elasticity
modulus E; at 1% extension. All the
measurements were carried out un-
der standard testing conditions:
temperature 20 +2 °C and 65 £2%
relative humidity, according to the
ISO 2062 norm [13] for measuring
the tensile loading of threads and
ISO 5079 [14] for measuring the
tensile loading of fibres.

4. Results and discussion

Measurement results for thread ten-
sile force at the moment of stitch
tightening, Tab.1, show that thread
tensile force increases with stitching
speed. The values of dynamic ten-
sion, which is a quotient of tensile
force and thread linear density,
show that for threads with different
twist dynamic tension drops at the

same stitching speed with more in-
tensely twisted threads. This is
probably due to the higher smooth-
ness of the threads with higher twist.
Alternatively, dynamic tension re-
sults of the analysed threads show
an influence of the method of lubri-
cation. Comparisons between the
apparatus-lubrication and galette-
lubrication show lower values of
dynamic tension for the apparatus-
lubricated threads. The only excep-
tion is the apparatus lubricated
thread designated ST1, which has
the highest friction coefficient val-
ue, static pre-tension and tensile
force at all three stitching speeds.

Measurement results for the me-
chanical properties of the analysed
threads before and after sewing are
presented in Tab.2 and Fig. 1, whilst
Tab.3 and Fig.2 present measu-
rement results for the mechanical
properties of the fibres separated
from the threads. These measure-
ment results show the influence of
stitching speed, thread twist inten-
sity, and lubrication method on the
thread mechanical properties and
the separated fibres.

Analysis of the measured results for
the thread mechanical properties
show that the increase in stitching
speed causes a decrease of the

breaking tenacity value, breaking
extension and, especially, elastici-
ty modulus, see Fig.1, which also
shows the highest level of change
after sewing for all the analysed
threads, Tab.4. The tension at the
yield point is decreases after the
sewing process. Furthermore, it can
be seen that the tension at the yield
point decreases gradually with in-
creased stitching speeds in the cas-
es of the threads designated ST2,
ST4 and ST5, see Fig.1 and Tab.2.
However, the tension at the yield
point after sewing at the stitching
speed of 4000 rpm is lower than
before sewing for all the three
threads analysed.

Similar influence of the stitching
speed is also shown in the changes
of the mechanical properties of the
fibres twisted into threads, Tab.4. A
decrease in breaking extension val-
ues and an increase in the initial
elasticity modulus for the fibres of
the analysed threads was perceived
when increasing stitching speed, but
no greater changes were caused for
breaking tenacity, Fig.2 and Tab.3.

The analysis of the alterations in the
threads mechanical properties after
sewing shows that the changes de-
pend on thread twist intensity, see
Fig.1. The apparatus lubricated
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Tab.2 Mechanical properties of the galette lubricated threads before and after sewing

Thread type
. ST4 ST5 ST6
Analysed properties — — ——
of the threads Before Smc}g;gﬁl ipeed Before Stltc}(l;gﬁl ;peed Before Stltc}(l;gﬁl ;peed
SEWINE 3000 | 3000 | 4000 |°° 872000 | 3000 | 4000 |°°" €[ 2000 | 3000 | 4000
Breaking tenacit G 4324 40.07] 39.96| 39.61| 42.88] 39.37] 3822 37.99] 40.04| 38.71| 3830 37.28
(CNWX.% Y b s 297 294 3.12| 242 259 3.12| 278 2.81] 2.80] 258 263 253
Ccv 6.87] 734 7.80| 6.10] 2084] 7.93] 726] 739 13.83] 6.67] 685 6.78
Breaking extension ¢ € 18.85] 17.99] 17.92] 16.81] 19.18] 18.59] 17.66] 16.77] 20.23] 19.86| 19.18] 18.76
%) & b s 039] 046 043] 064 054 049 067 067] 044 045 046] 051
v 2.05| 255 241| 3.82] 125 261] 381 402 218 226] 2.40] 2.71
Tension in yield point o, 6.13| 575 5.72| 587 597 573| 591 597| 5.62| 575 558 5.61
(cNtex™)
gjt)ens‘onsy 211 249 2.52| 2770 229 270, 289 2.92| 239 3.13| 3.04| 3.09
0
Elasticity modulus E 3.04] 240 236| 225 272| 222| 213 2.14] 241] 190 1.90|1.8794
(cNtex™)
'?f;f“s‘o“o 094 1.22| 125 140 1.04] 137 151 1.64] 1.06] 1.54] 154 1.61
0
Modulus E, 080 1.00 121 127 078 1.02| 119 139 075 088 094 1.07
(cNtex™)
](?;“)ens“’“‘ 4.64| 4.94) 495 4.84| 500 522/ 5.14| 488 533 591 571 554
0
Modulus E, 389 3.83 3.8 379 3.85| 3.60| 358 355 339 335 336/ 3.34
(cNtex™)
](?;“)ens“’“& 1535 14.90| 14.85| 13.78| 16.41| 15.18| 14.41| 13.46| 17.10| 16.58| 16.13| 15.59
0

thread designated ST1, which has a
lower nominal number of twists
(800 tm™), still has, after sewing at
the highest stitching speed of 4000
rpm, highest breaking tenacity val-
ue, tension at the yield point and
modulus E, and E,, Fig.1. Similar
dependence is also shown for the
galette lubricated thread designated
ST4, where tension value at the
yield point is a little bit lower.

The analysis of the results obtained
for the mechanical properties of the
fibres separated from the threads
after sewing show the influence of
twist intensity on the changes in
mechanical properties. The fibres
separated from threads designated
ST1 and ST4, after sewing at the
stitching speed of 4000 rpm exhib-
it highest breaking tenacity and
elasticity modulus, Tab.3 and Fig.2.

This means that the threads, in spite
of having the highest dynamic ten-
sion during sewing, still keep the
highest values of mechanical prop-
erties after loading, which is essen-
tial for further application of the
thread in the forming stitches.

Investigation of the influence of
twist intensity shows that higher
twist intensity offers better smooth-
ness of the thread and thus lower

Tab.3 Mechanical properties of the fibres separated from the galette lubricated threads before and after sewing

Thread type
Analysed properties S.T4. S.TS - S.T6 -
of the fibres Before Stitching speed Before Stitching speed Before Stitching speed
sewing pm sewing pm sewing 'pm
2000 | 3000 | 4000 2000 | 3000 | 4000 2000 | 3000 | 4000
Breaking tenacity o Gy, 64.0 | 647 | 63.8 | 642 | 636 | 627 | 620 | 58.1 | 61.8 | 57.0 | 60.0 | 59.7
(cNtex') S 3.1 2.4 2.3 3.4 2.7 3.7 3.2 8.2 2.3 6.6 4.5 3.1
CV 4.9 3.7 3.6 5.3 4.2 5.9 5.1 14.1 3.7 11.6 7.5 5.3
Breaking extension &, N 204 | 19.0 | 196 | 168 | 20.6 | 204 | 185 172 | 219 | 189 | 19.0 | 185
(%) S 1.8 1.7 1.9 1.6 1.4 2.0 1.8 2.8 1.7 2.5 2.1 1.6
(0% 8.8 8.7 9.4 9.7 6.9 9.9 9.9 16.3 7.5 13.1 11.1 8.6
Elasticity modulus (at Eo 130 | 211 179 302 88 112 163 141 74 93 95 95
1%) Eq S 21 57 37 86 17 14 39 24 6 17 15 9
(cNtex™) CV | 159 | 27.1 | 207 | 226 | 19.7 | 127 | 238 | 16.7 8.2 187 | 157 | 9.1
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Fig.1 The influence of stitching speed and twist intensity on mechanical properties of the apparatus lubricated threads

Tab.4 The changes in mechanical properties of the threads and separated fibres after loading in sewing (minus sign signifies

increase of a particular mechanical property)

Breaking tenacity . . Elasticity modulus Tension at yield
oo Breaking extension change .
Thread Stitching change Acy change point change
type speed Aoy, (%) AEq Ao,
(rpm) (%) (%) (%)
Thread Fibre Thread Fibre Thread Fibre Thread
2000 3.62 1.08 4.68 5.83 18.15 -73.77 5.33
ST1 3000 4.36 -0.62 6.49 8.74 22.13 -62.30 5.76
4000 4.31 0.46 9.21 12.14 22.75 -151.64 6.03
2000 4.14 -1.25 3.80 1.40 13.64 -66.67 7.54
ST2 3000 5.11 0.00 6.04 11.16 15.08 -40.48 6.43
4000 6.46 0.31 12.70 13.02 15.90 -61.90 3.51
2000 6.39 -0.48 4.48 5.83 16.59 -11.84 -0.27
ST3 3000 4.95 -0.32 5.07 6.73 16.68 -19.74 1.49
4000 5.79 -1.29 9.81 13.00 19.78 -48.68 3.82
2000 7.33 -1.09 4.60 6.86 20.92 -62.31 6.11
ST4 3000 7.59 0.31 4.94 3.92 22.41 -37.69 6.71
4000 8.41 -0.31 10.83 17.65 25.77 -132.31 4.11
2000 8.19 1.42 3.06 0.97 18.55 -27.27 4.05
ST5 3000 10.88 2.52 7.92 10.19 21.70 -85.23 1.05
4000 11.42 8.65 12.57 16.50 21.48 -60.23 0.10
2000 3.29 7.77 1.87 13.70 21.11 -25.68 -2.24
ST6 3000 4.32 291 5.21 13.24 20.98 -28.38 0.69
4000 6.86 2.40 7.28 15.53 22.14 -28.38 0.18

thread arise because of greater
number of the smaller contact are-
as with the guiding elements and

tensile force when sewing. We sup-
pose that simultaneously the lower
friction forces in rubbing of the

working mechanisms of the sewing
machine. On this account after the
sewing process the smaller chan-
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EST OS2 §ST3 The analysis of fibres from galette-lubricated
66 the results for threads also show greater breaking
65 tension at the tenacity changes, i.e. up to 8.65 %,
% e yield point o, whilst the apparatus-lubricated
Z - and threads dy- threads change for only 1.29%. The
% - = namic tensionc,  change in breaking extension for the
62 § § atthe moment of  separated fibres moves from 12.14
o stitch tightening,  to 13.02% at the stitching speed of
before 2000 3000 4000 Tab.1 and 2 and 4000 rpm for the apparatus-lubri-
sewing Stitching speed / rpm Fig.1, showg, cated threads and from 15.53 to
that dynamic 17.65% for galette-lubricated ones,
) breaking tenacity tension does not  which also confirms the importance
e?iceed the ten-  of the lubrication method applied.
sion value at the  Elasticity modulus changes from
yield point. This 1590 to 22.75% for the apparatus-
ST1 OST2 @ST3 : . .
meno is also reflected  |ybricated threads at the highest
225 in  the ] small stitching speed, whilst the change is
21,5 change In ten-  more noticeable for the galette lu-
= 205 sion at the yield  pricated threads, from 21.14 to
8 195 ponllt f%r ialll t}ée 25.77%. The individual fibres ex-
185 i@ arf}a ysedthreads  pipit more significant changes in
17,5 ?Hzer ¢ tséwiﬁgi elasticity modulus, which is on av-
before 2000 3000 4000 ¢ lact 1s tha erage somewhat higher for the ap-
. the thread dy- .
sewing Stichi . . paratus-lubricated threads, Tab.4.
itching speed / rom namic tension . .
during sewing Having this in mind, it can be con-
b) breaking extension exceeds the val- cluded that the ge‘ilette-lubrlcate.d
- threads are less resistant to dynamic
ue of elasticity loads than th tus-lubricated
modulus, which 0(;11 Ss an the apparatus-lubricate
isreflected in the :
WSTI OS2 @ST changes, i.e. de- It can be concluded that the chang-
200 crease in break-  es in thread mechanical properties
- ing tenacity and  are due to dynamic loading of the
s 20 extension for all  fibres twisted into threads, and the
= .
S 100 the analysed reasonisastructural damage caused
(T threads, as well to the threads and fibres, shown to
0 as for the fibres

before 2000 3000 4000 twisted into
SeWING qitching speed /rpm threads.
g speeciip Additionally, the

¢) elasticity modulus

Fig.2 The influence of stitching speed and the number of
thread turns on mechanical properties of the fibres
separated from the apparatus lubricated threads

ges of the breaking tenacity and
breaking extension originate for
the threads, which were twisted
with smaller number of turns. This
is significant for all stitching
speeds. This means that thread’s
mechanical properties have great-
er influence on its resistance to dy-
namic load compared with its sur-
face characteristics.

analysis of the
results shows the
importance of
lubrication
method and its
impact on the
thread and sepa-

rated fibres mechanical properties,
after sewing. Considerable change
in breaking tenacity is recorded for
galette-lubricated threads, which,
after sewing at the stitching speed
04000 rpm, exhibit the values from
8.86% to 11.42%, Tab.4. The appa-
ratus-lubricated threads, however,
exhibit breaking tenacity changes of
only 6.46% maximum. Separated

be much more intensive at higher
stitching speeds. It can be seen that
more noticeable changes are caused
because of the dynamic load, espe-
cially significant for the decrease in
elasticity modulus, which is also
reflected in the decrease of break-
ing tenacity and breaking extension
for the threads, as well as for the
fibres twisted into them. A compar-
ison of the threads analysed shows
that the threads designated ST1 and
ST4, having the lowest twist
(779.68 tm™ and 752.96 tm! respec-
tively), in spite of the highest dy-
namic tension during sewing at all
the stitching speeds used, still ex-
hibit the highest breaking tenacity
values, elasticity modulus and ten-
sion at the yield point. The same
holds for the fibres separated from
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these threads. It can reasonably be
expected that the threads that offer
the highest, and for the sewing nec-
essary, resistance at lower loads,
will also offer good resistance
against further loads in the finished
article of clothing.

5. Conclusions

On the basis of the analysis of the
investigation results it can be con-
cluded:

e Dynamic loads of the threads de-
pend on the stitching speed,
number of the thread turns and
method of the surface treatment;
with increasing stitching speed
the tensile force of the threads in-
creases. Lower tensile force is
characteristic for the threads
twisted with higher number of
turns and for the apparatus lubri-
cated threads, which is attributed
to greater smoothness of those
threads.

e Resistance of the threads on dy-
namic loads depend on the stitch-
ing speed and threads’ twist inten-
sity, which have influence on
changes of the threads’ mechani-
cal properties, as well as on
changes of the threads’ twisted
fibres after the sewing process.
With increasing stitching speed
increases the tensile and friction
load of the threads, and conse-
quently, an increase in changes of
the threads’ and fibres’ mechani-
cal properties arises. Threads with
lowest number of thread turns,
which are achieved during the
sewing process higher tensile
force, preserve after the sewing
process superior mechanical
properties. This means that on

resistance of the researched
thread on loads during the sewing
process have greater influence its
mechanical properties in compar-
ison with its surface characteris-
tics. This is confirmed by analy-
sis of changes of the threads me-
chanical properties after the sew-
ing process at different stitching
speeds.
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