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Lots of R&D and P&D studies are carried out in the laboratory 
conditions with the low-capacity types of industrial machines. 
Laboratory type filament yarn machines are important in 
Textile Sector as they form the important infrastructure/
facility for research and development studies and lots of 
studies are carried out in the textile sector about production 
of filament yarn and the development of its properties. In this 
study, laboratory type machines used in research studies on 
filament yarns have been investigated worldwide and their 
properties have been presented in detail. Then, the technical 
features and usage purposes of a laboratory type filament 
drawing machine developed with a new design in its field are 
explained. In addition, the features of this machine have been 
compared with another laboratory type machines. 
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FİLAMENT İPLİK TEKNOLOJİSİNDE KULLANILAN VE AR-GE 
ÇALIŞMALARINI DESTEKLEYEN LABORATUVAR ÖLÇEKLİ 

MAKİNALAR ÜZERİNE BİR İNCELEME 

Laboratuvar tipi 
filament iplik makineleri, 
filament iplik,  makine 
teknik özellikleri, 
üretim parametreleri, 
fonksiyonel filament 
geliştirme çalışmaları

Sanayi tipi makinelerin düşük kapasiteli üretim yapan türleri 
sayesinde, laboratuvar ortamında birçok Ar-Ge ve Ür-Ge 
çalışması gerçekleştirilmektedir. Bu tür makinelerden biri 
olan laboratuvar tipi filament iplik makineleri, araştırma 
çalışmalarına zemin oluşturduğu için Tekstil Sektöründe 
önemli bir yere sahiptir ve Tekstil sektöründe filament iplik 
üretimi ve özelliklerinin geliştirilmesine yönelik olarak birçok 
çalışma yapıldığı bilinmektedir. Bu çalışmada, filament ipliklere 
dair araştırma çalışmalarında kullanılan laboratuvar tipi 
makineler dünya genelinde araştırılmış ve özellikleri detaylı 
olarak incelenmiştir. Sonrasında, alanında yeni bir tasarımla 
geliştirilmiş olan laboratuvar tipi bir filament iplik makinesinin 
teknik özellikleri ve kullanım amaçları açıklanmıştır. Ayrıca, 
bu makinenin özellikleri diğer laboratuvar tipi makinelerin 
özellikleri ile kıyaslanmıştır.
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1. Introduction

Laboratory type (lab-type) machines have many advantages. These are low-
capacity production, the lab-machine covers small area and has a small working 
surface, trial productions can be done rapidly, changing the production parame-
ters as desired and quickly, etc. Many R&D studies are carried out with this type 
of machine. Hence, various lab-type machines are manufactured by different 
companies in the world. 

Various original studies have been carried out with lab-type filament yarn mac-
hines and at the end of these studies, new functional filaments with improved 
properties can be produced. Some of these studies are improvement of yarn 
structural properties, improvement of yarn mechanical properties and uneven-
ness, production of functional filaments (flammability, UV resistance, antibacte-
rial, etc.), examination of production parameters and development of new pro-
duction parameters (section shape, draft ratio, winding speed, etc.) listed as. As a 
result, lots of original studies have been carried out on these type machines and 
so, these machines have a significant contribution to R&D studies. It is known 
that these machines are generally used in university laboratories and R&D cen-
ters of companies. In this way, different R&D studies are carried out on these 
machines fastly. 

In this article, the technical and general properties of the lab-type filament dra-
wing machine developed with a new design and the other lab-type filament pro-
duction machines used in this field were investigated in detail. Extensive litera-
ture research has been carried out and two main results have been reached. The 
first is, the lab-scale filament yarn production machines have been manufactured 
by various companies in the world (Fiber Extrusion Research&Pilot Machines 
for Homo&Bicomponent Laboratory Applications, 2022; Fourné Laboratory and 
Pilot Melt Spintester, 2022; Hacıoğulları Özkan 2014; Hacıoğulları Özkan and Ba-
baarslan, 2015; Laboratory Type Textile Machines Spintech, 2023; Line Types, 
Austrofil®, 2023; Multifilament Spin-Draw-Wind Lines Document, 2022; Spin-
boy Machines, 2022; Spinning Tester Equipment for Laboratory and University 
College, 2022; Wide Wayne Lab Sheet Roll Stack, 2022)  and secondly, lots of 
researches and studies have been carried out by using these type machines (Bo-
urbigot and Devaux 2002; Hacıoğulları Özkan, 2014; Hojiyev and Ulcay 2021; 
Kara, Erdoğan and Erdem 2012; Kebabçı, 2015). 

The aim of this paper is to investigate the technical features and using areas of 
lab-type filament yarn machines in worldwide and explain properties of a new 
type of lab filament drawing machine. In this way, more detailed information of 
this type machines was given.

This study is a Review Article; it gives general and specific information (techni-
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cal properties, figures, etc.) about lab-type filament yarn machines. In addition, 
information of lab-type filament drawing machine (LabFil) which was developed 
with university-industry cooperation was also given in this study. Technical fea-
tures of all machines were compared each other and the technical properties of 
all these machines were given as a table (Table-1).

2. History of Man-Made Fibers and Melt Spinning Process

2.1 History of Man-Made Fibers

Man-made fibers, one of the outputs of lab-type filament drawing machines, have 
a long history. It has been observed that there is a continuous improvement in 
technology of fiber production in this history. In this section, information about 
the history of synthetic fiber types and these production principles were presen-
ted.

Man-made fibers have a long history. Robert Hooke first brought up the idea to 
create silk-like fibers in 1665, followed by René-Antoine Ferchault de Réaumur, 
who actually produced the first artificial filaments from different kinds of var-
nish in 1734. In 1883 Joseph Swan injected dissolved nitro-cellulose into a co-
agulation bath and thus obtained filaments for light bulbs. In 1938 DuPont de 
Nemours (Wilmington, DE, USA) launched the production of Nylon® (PA 6.6), 
the first commercial melt-spun fiber, invented by Wallace Carothers. In the same 
year Paul Schlack developed Perlon® (PA 6). The first polyester fiber, Terylene® 
(PET), was created in 1941 by Imperial Chemical Industries (ICI). The commer-
cial production of polyolefin fibers started in 1957, based on the Ziegler-Natta 
catalyst recognized by a Nobel Prize in 1963. Today, chemical fibers are spun by 
drawing a melt or solution of a polymer or an inorganic material from a spinneret 
into a medium (quenching or solvent removal by air/gas, water or coagulation 
bath) where it solidifies. Drawing can either be applied by godets (rollers) and 
winders, by a high-velocity air stream, or by an electrostatic or centrifugal force 
(Hufenus, Yan, Dauner, and Kikutani, 2020).

2.2 Melt Spinning Process

Various synthetic filament yarns can be produced in different raw materials (PP, 
PE, PES, PBT, etc.) on lab-type filament drawing machine and main production 
methods of filament yarn are melt spinning, wet spinning and dry spinning. Lab-
type filament machines mostly work according to the melt spinning principle. 
Information about the melt spinning process was given in this section to support 
the importance of lab-type filament drawing machine. 

Melt spinning is an important production method of synthetic filament yarn. The 
origin of the melt spinning process apparently dates to the 1845 English patent 
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of R. A. Brooman who conceived the basic concept as a method to produce fila-
ments from gutta percha. But it was Carothers and Hill who first described the 
process in the modern era. The work of Carothers and his associates led to suc-
cessful commercial application of melt spinning in 1939 as a process to produce 
polyamide 66 (“nylon”) filaments and yarn. In the last 100 years melt-spun fibers 
became by far the most important fibers for apparel, but even more so for tech-
nical textiles, where they spawned a myriad of novel applications (Salem, 2001).

The direct spin draw process was developed conventionally in the 1960s by co-
upling the spinning and drawing processes in series. As the demand for crimped 
yarn increased in the 1970s, the drawing and texturing processes were combined 
into one process, and a new spinning process was developed to produce Partially 
Oriented Yarn (POY) with a spinning speed of 3000-3500 m/min. to produce the 
fed stock for integrated draw-texturing (Salem, 2001).

The spinning speed increased as winder performance improved in the early 
1970s, and this development encouraged the investigation of high-speed spin-
ning. In 1983, the Association for Efficient Synthetic Fibre Technology was estab-
lished in Japan with a scheme of conditional loans for research and development 
of innovative technologies under the Ministry of International Trade and In-
dustry; its spinning section coordinated a project for high-speed spinning of pol-
yester at 9000-14000 m/min. These investigations have revealed the optimum 
conditions for high-speed spinning and the mechanism of the fiber structure for-
mation during the process. Today, high-speed spinning at 6000-8000 m/min is 
in commercial operation for the production of synthetic yarns such as nylon and 
polyester (Nakajima, 2000).

The melt spinning process involves melting and extrusion of the material to be 
processed through a multihole capillary die, called a spinneret, followed by coo-
ling and solidification to form filaments that can be wound on a bobbin or other-
wise processed (Salem, 2001).

A basic form of the melt spinning process is illustrated in Figure 1. Polymer, usu-
ally in the form of dried granules or pellets, is fed into an extruder where it is 
melted and conveyed to a positive displacement, metering pump. The metering 
pump controls and ensures a steady flow of polymer to the “spin pack” where 
the polymer is filtered and forced through the capillaries of a multifilament spin-
neret. The extruded filaments are drawn down to smaller diameters, i.e., finer 
deniers, by the action of a godet roll, while they are simultaneously being cooled 
(quenched) by air blowing across the filament bundle. The resulting filaments 
are either wound onto a bobbin or they are passed directly to another processing 
step such as “drawing” or “texturizing” (Salem, 2001). 
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Figure 1. The Melt Spinning Process (Salem, 2001)

The major process variables for melt spinning are:

- Extrusion temperature,
- Mass flow rate of polymer through each spinneret hole,
- Take-up velocity of the wound-up or deposited filaments,
- The spinline cooling conditions,
- Spinneret orifice shape, dimensions and spacing, and
- The length of the spinline (Salem, 2001).

These variables are not entirely independent of each other. For example, the 
length of the spinline will generally be controlled by the efficiency of the coo-
ling conditions along the spinline. More efficient cooling allows shorter spinlines. 
Spinline cooling is largely controlled by the velocity, temperature, and distributi-
on of the cooling air, but it is also affected by factors such as spinneret configura-
tion, mass throughput and the specific design of the cooling system.

Figure-2 shows that yarn process flow diagram from melt spinning to fabrics. 
The end-use areas of the filament yarns which are produced by the melt spin-
ning method were also shown with this figure. As can be seen in Figure-2, many 
different types of filament yarn (LOY, POY, FDY, BCF, etc.) can be produced with 
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the melt spinning method. In addition, these products are used in many different 
technical and conventional fields.

Figure 2. Yarn Process Flow Diagram from Melt Spinning to Fabrics (Mylläri, 
2010)

When the filament yarn production amounts were investigated worldwide, it was 
seen that the filament yarn production amounts had increased. World filament 
yarn output in 2019 was up 6% to 55 million tonnes (Engelhardt, 2021). The fila-
ment yarns that make up this production output are divided into two technologi-
cally. These are regular filament yarns and functional filament yarns. In addition, 
R&D studies are carried out to improve the properties of regular filament yarns.
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3. Various Laboratory Filament Drawing Machines and Theır Properties

The laboratory filament yarn machines that are important for R&D studies and 
which have been manufactured around the world were described below.

The figure of Spinboy lab-type filament machines in Belgium was given below 
(Figure 3). The company (Busschaert Engineering) has tree type machines as 
Spinboy I, Spinboy II and Spinboy II POY.  

 
 Figure 3. Spinboy Machines (Spinboy Machines, 2022)

Other lab-type filament machine was manufactured by Wayne Machine Company 
in the United States of America [2]. Production process of this machine is wet 
spinning, and this machine has horizontal operating plane (Figure 4). 

 
 Figure 4. Wayne Machine Lab-Type Filament Machine (Wide Wayne Lab Sheet 

Roll Stack, 2022)
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Another lab-type filament drawing machine name is the Plantex-Libe Line which 
is Italian company (Figure 5). 

 
 Figure 5. Plantex Libe Line Machine (Hacıoğulları Özkan, 2014) 

The Hills research and pilot fiber extrusion machines provide flexible perfor-
mance with reliable operations. They are currently being used for simulation of 
production systems, color matching trials, polymer characterization, product de-
velopment, process development, and the production of specialty yarns and trial 
lots. Each machine has the capability to convert melt spinnable polymers into fi-
nished fibers (Fiber Extrusion Research&Pilot Machines for Homo&Bicomponent 
Laboratory Applications, 2022). Figures of Hills Machine were given in below.

    
 

Figure 6. Hills Lab-Type Filament Yarn Machine (Fiber Extrusion Research&Pilot 
Machines for Homo&Bicomponent Laboratory Applications, 2022)
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Lofil group company has laboratory filament machine which name is Baby Lofil 
(Figure 7) and this is an Indian Company. 

 
 Figure 7. Baby Lofil HT Lab-Type Filament Yarn Machine (Multifilament Spin-

Draw-Wind Lines Document, 2022)

SML’s compact entry model is particularly well suited to small batch sizes of 
Fully Drawn Yarn (FDY) and Medium-Drawn Yarn (MDY) yarn, packing a persu-
asive punch with its high degree of flexibility and efficiency. This machine name 
is Austrofil MT/HT2x2/4E/75. This machine is bigger than other lab-type mac-
hines, nevertheless purpose of using of Austrofil MT/HT 2*2/4E/75-SML is to 
producing trial and R&D studies (Figure 8).
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Figure 8. SML (Austrofil MT/HT 2*2/4E/75) Lab-Type Filament Yarn Machine 
(Line Types, Austrofil®, 2022)

Spintech lab-type machines are manufactured by Gülnar Machine company 
which is in Turkey. The company has three different lab-type machines as Spin-
tech I, Spintech II and Spintech III (Laboratory Type Textile Machines Spintech, 
2022). Images of machines were given in below (Figure 9).

Figure 9. Spintech Lab-Type Filament Yarn Machines (Laboratory Type Textile 
Machines Spintech, 2022)

Fourné Maschinenbau company has lab-type filament machine which name is 
Fourné Laboratory and Pilot Melt Spintester (Figure 10) and this is an German 
Company. 
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The well-known and proven technology of Fourné melt spintesters is especially 
suitable for:
- Testing of spinnability of polymer materials (chips or powder),
- Production of smallest amounts of filament yarns or fibers,
- Production of material samples,
- Development of new fiber materials for special applications (Fourné Labora-

tory and Pilot Melt Spintester, 2022).

 

 
 

Figure 10. Fourné Laboratory and Pilot Melt Spintester Lab-Type Filament Yarn 
Machine (Fourné Laboratory and Pilot Melt Spintester, 2022)

For these processes all the advantages of a Fourné melt spintester become appa-
rent. These advantages are:

- Lowest raw material demand and minimized throughput with optimum ho-
mogeneity of the melt in Fourné spinning extruders,

- Retrofitting of side stream units for liquid or melted additives,
- Extendable for all kinds of bi-component and multi-component fiber produc-

tion,
- Optional equipment available for production of hollow fibers,
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- Reproduction of the production process in a small space,
- One-man operation possible.

Laboratory spintesters allow producing with material throughputs between 300 
g and 5 kg per hour. 

The standard spinning systems were designed for polymers with drawing tempe-
ratures up to approximately 350°C, suitable for PET, PA, PP, PE. Optionally Fourné 
can offer a high temperature system for spinning temperatures up to 500°C, so 
that drawing of polymers like PEEK or PPS become possible. Depending on the 
specification titers of 22-240 or 100 to 500 dtex are possible for multifilament, 
comprising a capillary fineness of 0.5 to 20 dtex. For monofilament diameters 
of approx. 0.01 to 0.15 mm are practicable (Fourné Laboratory and Pilot Melt 
Spintester, 2022).

Image of CF-1000 Melt Spinning lab-type machine was given in below (Figure 
11). Various type thermoplastic materials which are (PP, PE, PTFE, PA, PET, PTT, 
PPS, PEEK, etc.) can be produced with this machine (Spinning Tester Equipment 
for Laboratory and University College, 2022).

 
 Figure 11. CF-1000 Melt Spinning Lab-Type Filament Yarn Machine (Spinning 

Tester Equipment for Laboratory and University College, 2022)

Lab-type filament drawing machines are used for similar purposes in generally 
universities and research centers. R&D studies are carried out on this type mac-
hines about especially polymer science, nanotechnology, improvement of struc-
tural and functional properties of flat and textured yarns, etc. Detailed technical 
properties of all these machines were given in Table-1 (Section-4). 
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4. A New Designed and Developed Laboratory Type Machine (Labfil)

In the previous section, information about lab-type filament drawing machines 
in worldwide was given. When literature was considered about this subject, it 
was seen that various and qualified scientific studies were carried out with lab-
type filament production machines. In addition, the small volume of this type 
machines and the low working surface are also important advantages. Also, func-
tional filament yarns (flammable, UV resistance, etc.) are produced on these lab-
type machines. An important infrastructure/facility has been created with this 
machine for R&D studies, undergraduate and graduate studies. A basic technical 
drawing of LabFil and an image of this machine were given in Figure 12 and Fi-
gure 13. 

In this section, information about a lab-type machine has been developed with 
a new design was presented. Then the technical properties of all these lab-type 
machines have been compared each other (Table-1).

 
 Figure 12. Technical Drawing of Developed Lab-Type Filament Drawing Machine 

(LabFil) (Hacıoğulları Özkan and Babaarslan, 2015)
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Figure 13. Image of Developed Lab-Type Filament Drawing Machine (LabFil) 
(Hacıoğulları Özkan and Babaarslan, 2015)

LabFil and other machines have melt spinning principle (only Wayne machine is 
working on wet spinning principle). The detailed technical properties of these 
machines were presented in Table 1. 

"Wayne Machine" works according to the wet spinning principle and has 24 L/D 
ratio. The other machine, Plantex Libe Line, works according to the melt spinning 
principle and has 30 L/D ratio. Information of Wayne Machine and Plantex Libe 
Line machine is not in Table-1 because sufficient technical properties about the-
se machines could not be reached.

Also, scientific studies were carried out on this type machines such as develop-
ment of the structural, mechanical, and functional properties of filament and tex-
tured yarns. One of the aims of this paper is to shed light on the scientific works 
that can be done in such machines. Also, it is an original table was prepared by 
researching the technical features of this type of machines in detail.

Table-1 shows that these machine features are generally similar to each other, 
and these technical properties effect the quality of filament yarn directly. Also, 
the structural and mechanical properties of the yarns produced on these machi-
nes should be similar to the first quality yarns produced in the industry. In this 
way, acceptable scientific study results will be obtained. In addition, the filament 
yarns produced on these machines should have sufficient structural and mecha-
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nical properties (especially yarn tenacity, breaking elongation and unevenness).

As mentioned before, a wide variety of scientific studies can be carried out on 
these machines. Some of these study topics were listed below:

- Effects of production parameters on the structural, mechanical, and specific 
properties of flat filament or textured yarns,

- Development of production conditions/parameters of a lab-type machine,
- Filament yarns can be produced with different/various additive materials 

such as flame retardant, UV resistance, antimicrobial, etc. and then properties 
of these yarns can be examined,

- Functionalized filament yarns can be produced with different sized additive 
materials (micro and nano scale). Then, properties of these products can be 
examined,

- Studies can be performed for development of texturizing properties of fila-
ment yarns (Changing production parameters; spinneret configuration, dra-
wing ratio, etc. Texturizing conditions; air pressure, air temperature, nozzle 
configuration, etc.),

- Filament yarns (CF and BCF) can be produced with newly features (by using 
new additive material),

- Properties of filament yarns (CF and BCF) can be developed (Hacıoğulları Öz-
kan and Babaarslan, 2015).

5. Production Parameters of Lab-Type Filament Drawing Machine

Lab-type filament drawing machines provide the facility for trials of yarn pro-
duction. This type machines have easily changeable production parameters and 
production types. In this way, lots of trial productions can be done quickly on 
these machines. PP, PE (Polyethylene), PLA (Polylactic Acid), PES (Polyester), PA 
(Polyamide) and PBT (Polybutylene Terephthalate) polymers are used mostly in 
these type machines (especially PP and PLA). PP polymer has easily productivity, 
widely end-used areas, large productive capacity, low cost, etc. Therefore, this 
polymeric material is mostly preferred.  

There are many studies in the literature on filament yarns produced by the melt 
spinning process. Some of these studies are the effects of production parameters 
on filament properties (structural, mechanical and functional), productions of 
functional filament yarn, etc. (Ahmed, Shamey, Christie and Mather, 2006; Ba-
baarslan and Özkan Hacıoğulları, 2013; Bagheri, Tavanai, Ghiaci, Morshed and 
Shamsabadi, 2019; Bhattacharya and Chaudhari, 2015; Chiu, Lin and Hong, 
2011; Çelen and Koçer, 2022; Erdem, Cireli and Erdogan, 2009; Kalantari, Rah-
bar, Mojtahedi, Shoushtari and Khosroshahi, 2007; Kara, Üreyen, and Erdogan, 
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2016; Kılıç, Jones, Shim and Pourdeyhimi, 2016; Kim, Lin and Bhattacharyya, 
2017; Maqsood, Langensiepen and Seide, 2020; Misra, Spruiell, Lu and Richeson, 
1995; Ni, Li, and Chen, 2020; Özkan, 2008; Rangasamy, Shim and Pourdeyhimi, 
2011; Subasinghe, Somashekar and Bhattacharyya, 2018). It is known that these 
process parameters of extruder should be determined correctly for quality pro-
duction of filament yarns.

Technical properties of lab-type filament drawing machines (L/D ratio, texturi-
zing unit, etc.) are so important for quality of products. The basic technical para-
meters that determining of the characteristics of laboratory type filament machi-
nes and the units of these machines were given in this section. 

I. Screw Extruder: 

In majority of commercial processes melting is done by continuous screw extru-
ders. While the screw rotates, it heats, homogenizes, and transports the material 
forward. Screw extruders have three zones: Feeding, compression and metering. 
The goal is to make the material as homogenous as possible in a right tempera-
ture. Material is fed through a hopper and generally it flows by gravity to the ext-
ruder barrel which is annular space between the barrel and the screw. Polymer 
is heated with frictional and conduction heat. When polymer is moving forward 
friction between it and the metal barrel generates substantial amount of heat. 
The rest of the heat needed comes from barrel heaters by conduction. At the end 
of the screw, in the metering zone, polymer should be totally melted and homo-
genous (Mylläri, 2010).

Extruder parameters are ratio of L/D, temperature, pressure, etc. and there are 
various studies carried out in the literature about parameters of extruder (Ars-
lan, 2016; Dulmalik, Chafidz, Fernandi and Ardianto, 2019; Kotek, Afshari, Avci 
and Najafi, 2017; Lewandowski and Wilczynski, 2022; Şahin, 2018; Şen, 2015; 
Vahabi, Laoutid, Formela, Saeb, and Dubois, 2022). These parameters were exp-
lained in below. 

a. L/D Ratio of Extruder: 

L/D ratio is one of the basic construction parameters of the extruder and this 
parameter determines as the characteristic of the extruder. L is the screw length 
and D is the screw diameter (Figure 14). L/D ratio must be chosen high value for 
the better mixing process and quality product; an increased L/D ratio creates the 
better mixing process and a more even distribution. For this purpose, value of the 
L/D ratio must be 27 or more.
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Figure 14. Single-Screw Extruder and The Main Parameters of Extruder (What Is 
L/D ratio in injection moulding machine, 2022)

b. Temperature:

The value of extrusion temperature must be chosen according to melting point of 
polymer type and homogeneity of melt flow temperature is a major factor which 
influences product quality. Otherwise, the material may not melt completely or 
may burn.

c. Pressure: 

The pressure of the inside the extruder is set according to the screw rotation 
speed and this parameter is selected according to characteristic of polymeric ma-
terial; as the screw rotation speed increases, the pressure also increases. 

II. Metering Pump:

Capacity of metering pump unit is measured accurately the molten polymer and 
pumps to spinnerets. In this way, the desired filament fineness, filament uneven-
ness and yarn quality can be obtained. 

Metering pump capacity is important parameter, and this parameter is the amo-
unt of flowing melted polymer in one revolution of the metering pump. There are 
various studies in the literature about the importance of the metering pump and 
its effect on product properties (Chung, 2020; Shumpert, Padsalgikar, Ellison, 
Hosangadi and Henshaw, 1996; Turukmane, Shinde, Gulhane and Gupta, 2021; 
Vogel, Hatzikiriakos, Brünig, Tändler and Golzar, 2003; Younes, Fotheringham, 
El-Dessouky and Haddad, 2011).

III. Quenching:

Filament starts to cool down, after the spinneret, take-up rolls are horizontally 
below the spinneret and before the filament touches them the material should 
be totally solidified. The spinning operation is characterized by the extrusion of 
molten polymer through small spinneret capillaries into an air quench cabinet 
where the individual streams attenuate and solidify to form filaments. There are 

 
 



Mühendis ve Makina / Engineer and Machinery 64, 711, 228-258, 2023

247

lots of studies in the literature about the importance of quenching and effect of 
the quenching parameters on product properties (especially fineness, uneven-
ness, tenacity, etc.) (Arslan, 2016; Kim, 1986; Kothari, 2000 and Yıldırım, 2007; 
Kretzschmar and Furter, 2009; Mylläri, 2010; Ruckdashel and Shim, 2020).  

IV. Fiber Cross-Sectional Shape

The fiber cross-sectional shape is an important structural/production parameter 
that effects directly the mechanical and functional properties of filament yarns 
(Babaarslan and Özkan Hacıoğulları, 2013; Çelen and Koçer, 2022; Kara, Erdoğan 
and Erdem, 2012; Hufenus, 2011; Kara, Üreyen and Erdogan, 2016; Karaca and 
Özçelik, 2007; Kebabçı, Babaarslan, Hacıoğulları Özkan and Telli, 2015; Özkan, 
2008; Özkan Hacıoğulları and Babaarslan, 2018; Shin, Kim and Kim, 2005; Turuk-
mane, Shinde, Gulhane and Gupta, 2021; Varshney, Kothari and Dhamija, 2011; 
Varshney, Kothari and Dhamija, 2014). Fiber cross-sectional shape is determined 
with shape of spinneret orifices. Mostly preferred filament cross-sectional sha-
pes (round, trilobal, hexsa, etc.) were given in below (Figure 15).

Figure 15. Some of Fiber/Filament Cross-Sectional Shapes (a: Monofilament, b: 
Multifilament) (Özkan, 2008).

Functional properties of filament yarns can be obtained by using different cross-
sectional shapes. For instance, trilobal shape helps in altering hand and increa-
sing the luster. The hexsa cross-sectional shape is an unique shaped construction 
with six channels that transport the moisture away from the skin and thus keep 
the wearer dry (Figure 15). Also, more specific cross-section shapes have been 
developed. Specialized cross-sectional shapes are used for giving various and 
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delicate luster, handle, and texture to the fabrics. In addition, specialized cross-
sections are produced with special orifices, such as a slit, L-shape, T-shape, H, W, 
X or similar shape modified slits, combinations of circle and slit, and arranged 
plural circles (Nakajima, 2000). These specialized cross-sections were given in 
Table-2. 

Table 2. Examples of Specialized Cross-Section (Nakajima, 2000)

 
 

V. Drawing Unit: 

Complicated molecular chains are occurred because of transition suddenly of 
polymer from liquid to solid. Filament yarns are drawn for arrange this struc-
ture and increase of ratio of crystallin region. This process is carried out with 
the difference of speed of the godets in the drawing unit. With this process, the 
tenacity values of the filament yarns reach the required level. Parameters of dra-
wing unit directly affect the mechanical properties (tenacity, breaking elongati-
on) of filament (Castiglioni, 2008; Dabrowska, Fambri, Pegoretti, Slouf, Vackova 
and Kolarik, 2015; Gajjar, Stallrich, Pasquinelli and King, 2021; Gupta, Mondal 
and Bhuvanesh, 1997; Heuvel and Huisman, 1978; Kim, 1986; Salem,1992; Var-
ma and Cameotra, 1973; Viková, Periyasamy, Vik and Ujhelyiová, 2017; Viková, 
Sakurai, Periyasamy, Yasunaga, Pechočiaková, and Ujhelyiová, 2021; Yuan, Mak, 
Kwok, Yung and Yao, 2001).

VI. Texturizing Unit: 

Lab-type filament drawing machines generally have texturizing unit and textu-
red yarns can also be produced on the machine with this unit and so, also can 
done lots of R&D studies can done about texturizing subject. 

Several processing techniques have been developed to production of textured 
yarns such as mechanical/thermal (torsional crimping), chemical/ thermal or 
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mechanical alone. Textured yarns are more stretchable and have a higher capa-
city for moisture absorption and moisture transport, better tenacity and lower 
breaking elongation. Generally, hot air texturizing unit is used on lab-type fila-
ment drawing machines. Lots of studies have been done about this subject (Bag-
heri, Tavanai, Ghiaci, Morshed and Shamsabadi, 2019; Çirkin, 2006; Pal, Gandhi 
and Kothari, 1996; Tavanai, Morshed and Hosseini, 2003).

VII. Take-Up 

Melt spinning is a process where melt polymer passes through a spinneret, so-
lidifies rapidly and forms a fiber structure. The polymer has to be melted and 
preferably mixed which is normally done with a screw extruder. Extruder is nor-
mally used in commercial applications because it ensures sufficient throughput. 
After melting granulates, the mass goes through a hole or multiple holes. The 
number of holes can vary from one to many hundreds (Mylläri, 2010). The final 
process of the filament yarn production machine is the winding process. The aim 
of winding unit is to create a well bobbin without changing the properties of 
filament yarn. The important parameters of the winding unit are winding spe-
ed, winding tension and winding shape (straight or cross winding), etc (Abbasi, 
Mojtahedi and  Khosroshahi, 2007; Bansal and Raichurkar, 2016; Feldman, 2008; 
Gajjar, Stallrich, Pasquinelli and King, 2021; Ho, Kim, Jin and Park, 2010; Morgan, 
2006; Nakajima, 2000; Pelzer, Vad, Becker, Gries, Markova and Teplyakov, 2021; 
Raichurkar and Ramachandran, 2015; Ramirez, Bashir, Luo and Liu, 2009; Tu-
rukmane, Gulhane and Kakde, 2020). In this type of machines, fully automatic or 
semi-automatic winders can be used. The winding speed is generally 1000-3500 
m/min. Modern take-up machines include not only a winding unit but also yarn 
guiding, yarn cutting, aspirators, godets (rotating rolls that transport, stretch or 
thermally treat yarns), heating system and different kind of sensors, etc. In addi-
tion, friction drives are the most common type but also tension-controlled and 
surface speed-controlled machines have been manufactured.

6. Advantageous and Superior Properties of Labfil Machine

In the previous sections, information about the basic technical features and units 
of lab-type machines were given. In addition, the technical properties of all lab-
type machines were presented in Table-1 (Section-4).

Studies of design and developing LabFil machine (Optimal selection of machine 
sizes, determination of machine units, etc.) has been carried out in detail. The 
superior features of the LabFil machine compared to other lab-type machines 
were given below.

- Many different raw materials can be used in LabFil machine. In this way, R&D 
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studies can be carried out with various raw materials on LabFil machine.
- If the L/D ratio is high, a good and homogeneity polymer mixing can be done. 

Hence, L/D value must be 27 or more. L/D ratio of LabFil is 27. 
- Textured yarn is an important type of synthetic yarn imitating natural fibers. 

LabFil machine has hot air texturizing unit and high-quality textured yarns 
can be produced on this machine. Hence, R&D studies about these yarns can 
be done successfully. 

- The LabFil machine has many godets. In this way, various types of filament 
yarns (MOY, POY, FOY, HOY, Textured yarns, etc.) can be produced on Lab-Fil 
machine. 

- LabFil machine has lots of advantages about machine sizing such as low volu-
me and optimum working surface.

- LabFil machine has been developed and manufactured with university-in-
dustry cooperation. This project has been provided a significant contribution 
to science and technology. In addition, lots of R&D studies are still carried out 
on this machine.

LabFil machine has advantageous features. Thus, various R&D and P&D studies 
can be done on this machine.

Another important issue is that the basic structural and mechanical properties 
of these filament yarns produced by using these machines should be similar to 
the first quality yarns produced in the industry because the results of scientific 
studies should be acceptable. 

Research and publication ethics were complied with in this study.

7. Conclusions

Lab-type filament yarn production machines have lots of advantages such as low 
volume and optimum working surface, easily changeable production parame-
ters, etc. In this way, many scientific studies can be carried out by using these 
type machines. These scientific studies are generally carried out about polymer 
science, filament yarn production and properties, and nanotechnology. Thus, the 
using of lab-type machines is important for the developing innovative products 
and production processes. 

The doctoral thesis is named "Design and Manufacture of Laboratory Type Fila-
ment Yarn Machine and Development of Original Product" has been the source 
of this paper. In this doctorate thesis, a lab-type filament production machine 
(LabFil) was developed a newly design and then various functional yarns (flat 
filament and textured yarn) were produced by using LabFil. Information about 
this machine is also given in this paper. In addition, such lab-type machines have 
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been researched around the world and the technical properties and production 
parameters of all these machines were given in this paper. In this study, informa-
tion about the important units of lab-type filament drawing machines was also 
presented and an extensive literature was given. The aim of this study is contri-
buted to the researchers in this field.
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