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n Introduction 
Sewing technology has entered the new 
millennium with its familiar needs, and 
is waiting for new solutions from tex-
tile technology. Sewing threads have 
been used for many centuries, and are 
used in the same manner even now, but 
demand for sewing threads is another 
matter. Polyester yarn and multifilament 
threads have almost replaced cotton sew-
ing threads in the market [1]. The main 
reason for the increasing demand for 
polyester threads is their higher break-
ing force, low degree of shrinkage while 
washing, and good wearing properties 
in comparison to cotton threads. Poly-
ester sewing threads have one negative 
feature: at high sewing speeds and high 
friction with the metal parts of a sewing 
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Abstract
The aim of this research was to assess how certain mechanical characteristics of sewing 
threads varied while different parameters were changed during the manufacturing process. 
Air-textured technical sewing threads are a relatively new product on the market. The ap-
plications of the end product could be selected depending on the mechanical characteristics 
of the product during usage. Some applications require very high tenacity, others require 
very low friction forces during the sewing process. Air texturing appears to be a technology 
which can accommodate the manufacturing possibilities of threads with different end char-
acteristics and also allow the usage of different types of fibre filaments. Two types of yarns 
were manufactured during this research: high-tenacity PES yarns were used in both core 
and sheath elements in one case; in the other case, the same high-tenacity PES yarns were 
used in the core while Polytetrafluorethylene (PTFE) was used in the sheath elements. The 
threads were manufactured in the Department of Textile Technology at Kaunas University of 
Technology, using a Stahle Eltex air-texturing machine and a Heberlein HemaJet texturing 
nozzle. In addition, tensile and friction tests were performed during the research. Different 
manufacturing parameters were changed during air-texturing, including air pressure and 
overfeeds of effect & core yarn. The results clearly showed the good mechanical character-
istics of the sewing threads manufactured. 
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machine, these threads heat up and start 
melting at ~250°C. 

Texturing is the process where filaments 
are entangled by various methods which 
impart softness and bulk to the product 
[2]. Loops made in this manner may be 
fixed by thermo-setting depending on 
the origin of the raw material processed, 
i.e. if a thermoplastic polymer is under 
texturing. Non-thermoplastic polymers 
are not fixed by thermo-setting. For each 
polymer, an adequate thermo-setting 
temperature must be selected [3]. 

Due to their high strength, good chemi-
cal properties, acceptable elasticity and 
good dye fastness, polyester multifila-
ment yarns are considered a perfect raw 
material for sewing threads. Due to its 
even surface and circular cross-section, 
polyester is more lustrous than natural 
threads. Irrespective of their origin and 
manufacture method, all sewing threads 
must meet certain requirements. In order 
to obtain high sewing efficiency and 
good end-quality of articles, it is neces-
sary to ensure low breakage of sewing 
threads and suitable stitch formation. 
Textured polyester threads are the most 
economical option available today, and 
their introduction into the clothing indus-

try is one of the best ways of reducing 
production costs. Air-jet textured threads 
are produced by feeding polyester yarns 
through a turbulent region of compressed 
air [4]. The yarn is opened, loops formed 
and are then closed. The loops are locked 
inside and on the surface by applying 
heat under tension. Such a thread is often 
referred to as an entangled thread. Air-
jet texturing enables the production of 
sufficiently thick sewing threads which 
ensure the stability of the seams. Due to 
their circular cross-sections and smooth 
surface, polyester multifilament sewing 
threads are more lustrous than those from 
natural yarns. Polyester is the best fibre 
for most sewing thread applications, as 
it costs little, shows high strength, good 
chemical properties, favourable elastic 
characteristics and good dye fastness [1]. 

One of the most desired properties is 
strength, which depends on the raw mate-
rial, processing (finishing), manufacture 
method, and linear density of the threads. 
Among traditional sewing threads, 
polyamide and polyester multifilament 
sewing threads have the highest strength. 
The strength of a multifilament sewing 
thread is always higher when compared 
to the yarn of the same fibre [5].
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In the course of the research, polyester air-
jet textured threads were manufactured 
and analysed in the Department of Tex-
tile Technology at Kaunas University of 
Technology. The purpose of the research 
is to analyse to what extent the proper-
ties of air-jet textured sewing threads 
designed for sewing various outfits and 
clothes depend on the parameters of the 
manufacturing process. Three parameters 
were changed; air pressure, wrapping 
thread overfeed, and thermo-setting.

Figure 1. Variation of tenacity (specific breaking force) when chan-
ging air pressure and overfeed of the effect component PES/PES.

Figure 2. Variation of elongation at break when changing air 
pressure and overfeed of the effect component PES/PES.

Figure 3.Variation of tenacity (specific breaking force) when changing 
air pressure and overfeed of the effect component PES/PTFE. 

Figure 4. Variation of elongation at break when changing air 
pressure and overfeed of the effect component PES/PTFE. 

Figure 5. Variation of friction coefficient when changing air pressure 
and overfeed of the effect component. PES/PES yarns without heat 
setting.

Figure 6. Variation of friction coefficient when changing air 
pressure and overfeed of the effect component. PES/PES yarns 
with heat setting.

Figure 7. Variation 
of friction coefficient 
when changing air 
pressure and over-
feed of the effect 
component PES/
PTFE yarns.
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n Experimental Results and 
Discussions

The threads manufactured and analysed 
in the Department of Textile Technology 
at Kaunas University of Technology have 
not up-to-now been used in the sewing 
industry. Threads of the following two 
types were manufactured: 
§ 100% PES air-jet textured threads 

designed for sewing outwear; 
§ PES/PTFE air-jet textured threads 

designed for sewing different 
articles by high-speed sewing ma-
chines.

When manufacturing pure PES and PES/
PTFE threads, the following two param-
eters, which have an essential impact 
on the quality of the end product, were 
changed: the effect (wrapping) thread 
overfeed and the pressure of air fed to an 
air-jet textured nozzle.

In the process of thread manufacture, two 
multifilament threads (PES in both cases) 
were fed to the core, and one (PES in the 
first case and PTFE in the second) con-
sists of the effect thread. On the whole, 
three multifilament threads were fed. 
Core threads were dampened in all cases. 
The effect thread overfeed was varied 
from 15 to 27%. Furthermore, the pres-
sure of air fed to an air-jet textured nozzle 
was alternated from 6 to 12 atmospheres. 
When manufacturing the air-jet textured 
threads, a HemaJet® T321 air-jet textured 
nozzle was used. 

The raw materials used were: 
§ ‘Torlen FY HT’ polyester multifila-

ment threads with increased strength.  
§ Polytetrafluorethylene multifilament 

threads. As the PTFE component is re-
sistant to high temperatures, heteroge-
neous air-jet textured sewing threads 
may be suitable for working clothes 
that are exposed to high temperatures.

The main parameters of HT-PES and PTFE 
used raw material are given in Table 1.

Tensile tests were performed on a ZWICK 
stretching machine. The tests were imple-
mented according to DIN EN ISO 2062, 
05/1995 standard for thread stretching 
established by the International Stand-
ardisation Organisation. The test condi-
tions were as follows: distance between 
clamps 500±1 mm; stretching speed 500 
mm/min; initial thread stretching 0.5 cN/
tex; number of tests per one package 20, 
stretching until thread break.

The results of tests were analysed in 
terms of measurable and computable 
quantities. The absolute breaking force 
and elongation at break were selected as 
the main computable parameters, which 
above all determine the quality and be-
haviour of a ready-made thread in the 
process of sewing. 

The friction coefficient of the threads 
was determined on a Rotschield ‘F-me-
ter’ friction tester at a convex angle of the 
friction roll of 180° and a thread speed of 
150 m/min. 

The linear density of both obtained 
threads was measured and the follow-
ing amounts assessed: 44.5 tex for the 
first type of threads (PES/PES), whereas 
42.94 tex for the second type of threads 
(PES/PTFE).

Dependencies between the following 
indicators were analysed: the effect 
component overfeed and the air pres-
sure in the air-jet textured nozzle. The 
following mechanical properties of the 
air-jet textured threads were analysed 
and forecasted: breaking force Ftr in cN, 
tenacity (specific breaking force) ftr in 
cN/tex, elongation at break εtr in % and 
coefficient of friction µ. As is known, all 
the parameters mentioned should both 
ensure the steady processing procedure 
and condition the mechanical properties 
of further textile articles sewn by air-jet 
textured threads.

The diagrams (Figures 1-7) demonstrate 
the dependence of the properties of the 
threads considered according to the 
manufacturing parameters.

Air-jet textured threads break differently 
than simple plain threads do. It has been 
established that mechanical properties 
are determined by the core component, 
which is particularly important for 
stretching [6]. A core component is the 
axis of an air-jet textured thread, and oth-
er components with this axis only form 
a certain angle defined by the overfeed 
quantity; therefore when stretching an 
air-jet textured thread, firstly a core com-

Table1.The main parameters of HT-PES and PTFE used raw material. 
Parameter Unit PES PTFE

Linear density of one thread dtex 133 133 
Amount of filaments - 32 32
Tenacity cN/tex 54 -
Elongation at break % 16 -
Filament cross-section profile - circular circular

ponent breaks, and then an effect compo-
nent starts to deform and break. Besides, 
the character of break is affected by the 
fact that an effect component is usually 
arranged by irregular filaments, and in 
the process of stretching this component 
affects the core component by radial 
pressure. The indicator of the tenacity 
of air-jet textured threads is not very pre-
cise, since it is computed by dividing the 
breaking force by the linear density of the 
air-jet textured threads. At the moment of 
break, a given thread breaks at the weak-
est point, and when computing the tenac-
ity the total linear density of threads with 
complex structure is considered. Specific 
elongation at break of air-jet textured 
threads especially depends on the elon-
gation of a core component. An effect 
component determines the strength only 
when high elongation is reached.

In the process of sewing, the same place 
on a sewing thread repeatedly touches the 
parts of a sewing machine. The thread is 
under mechanical impact cyclically, and 
that is why friction properties become a 
key factor determining the thread’s qual-
ity in the process.

The polyester threads used have been 
characterised by increased stretching 
resistance; traditional polyester multifila-
ment threads have a lower tenacity, i.e. 
c. 30-40 cN/tex. Polyester multifilament 
threads with increased resistance were 
selected in order to upgrade the mechani-
cal properties of the ready-made product. 
PTFE threads were used to improve the 
friction qualities of the sewing thread in 
the sewing process.

n Summary 
This paper describes the chosen manu-
facture method of sewing threads and 
their research methodology. The ranges 
of linear density, overfeed, thermoset-
ting, and air pressure, as well as the raw 
material of the threads manufactured 
were selected. Air-jet textured threads 
were manufactured in the Department of 
Textile Technology at Kaunas University 
of Technology using Eltex, a state-of-
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the-art laboratory texturing machine with 
a Heberlein air-jet texturing nozzle and a 
dampening system. 

To summarise the results of the tests 
performed during this research, we may 
state that by changing the parameters of 
the manufacture process, the properties 
of a desirable thread, i.e. elongation at 
break, tenacity and the absolute breaking 
force, may vary within certain limits. In 
industry, both types of threads may be 
used, due to their good properties and the 
maintenance of these properties in the 
sewing process.

n Conclusions 
The tensile tests of threads enable us to 
come to the following conclusions: 
§ using higher pressure in the process of 

air-jet texturing allows a decreasing 
elongation at break of a ready-made 
thread to be achieved; 

§ in individual cases, it may be assumed 
that the force required to untwist el-
ementary filaments is higher than their 
breaking force; 

§ a decrease in air pressure and effect 
thread overfeed increases the tenacity 
of a ready-made thread.
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The Polish Textiles & Health Scientific Network (TEXMEDECO NET) 
was established as an initiative of the Textile Research Institute, Łódź, Poland 
(Instytut Włókiennictwa - IW) and other R&D centres which are active in the area of:
• MED-TEXTILES: textiles for medical treatment,
• ECO-TEXTILES: textiles safe for human health,
• ENVIRO-TEXTILES: textiles protecting against physical, chemical and biological 

hazards. 
The 1st  group covers all textile fabrics assisting medical treatment and prophylaxis. 
(textile dressings, antibacterial fabrics, textile prostheses and implants, and modern 
intelligent textiles applied in medical diagnostics and treatment).
The 2nd group covers research works and studies aiming at protecting human (skin, 
respiratory and thermoregulating systems) against negative effects of textile fabrics. 
The 3rd group comprises textile fabrics protecting humans against harmful effects 
of external factors (electromagnetic and electrostatic fields, UV and IR radiation, 
microorganisms).

The TEXMEDECO NET was registered on the basis of a formal decision of the 
Ministry of Scientific Research and Information Technology in Warsaw on 31.01.2003. 
The Network’s primary goals:
• integration of R&D centres into the network’s activity (local and international levels),
• utilisation of integrated R&D achievements in scientific co-operation .
• network development - modification or integration with European Networks,  
• inclusion of scientific potential in thematic consortia created in European Union, also within 

the 6th Framework Programme of European Union. 

These goals should be accomplished through:
• preparation - on the level of Network Work Groups - of own thematic proposals for mutual 

research projects, 
• organising own conferences or seminars to promote achievements of network member 

institutions and to stimulate research contacts in Poland and abroad, 
• getting into contacts with existing in the UE scientific networks acting in the similar field, 
• integration of member institutions activities to respond to the calls of the 6th Framework 

Programme of European Union, 
• search for new partners in Poland and abroad to work together within the network’s scope. 

The TEXMEDECO NET comprises 18 R&D institutions (www.iw.lodz.pl) covering 
the following areas: textiles, medicine, occupational medicine and leather industry.
The IW acts as the Network’s coordinating institution, represented by Jadwiga Sójka-
Ledakowicz, Ph.D., Eng., the network coordinator.

The following bodies form the Network structure: General Assembly, Steering 
Committee and Work Groups (Med-, Eco and Enviro-Textiles) which act on the basis 
of the Statute and specific Regulations.

The annual TEXMEDECO NET CONFERENCE is the forum of information 
exchange and presentation of scientific achievements of network members.

The TEXMEDECO NET has an open character. R&D institutions of different state, 
scientific and technical organisations, producers (SME), and others representing 
various disciplines can have their contribution in network activities.

We welcome any new members both from Poland and abroad !!!
Interested parties should contact the Network Coordinating Office:

Textile Research Institute, Brzezińska Street 5/15, 92-103 Łódź, POLAND
e-mail: texmedeco@mail.iw.lodz.pl

Jadwiga Sójka-Ledakowicz, Ph.D., Eng. - network coordinator
tel (+4842) 6163 110, e-mail: ledakowicz@mail.iw.lodz.pl
Ms Katarzyna Grzywacz -  info officer - network secretary

tel (+4842) 6163 195, fax (+4842) 6792638, e-mail:grzywacz@mail.iw.lodz.pl
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