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REČ UREDNIKA

Završava se još jedna godina uspešnog rada Saveza inženjera i tehničara tekstilaca Srbije, i dalje pod 
otežanim okolnostima zbog nastale situacije izazvane pandemijom virusa Covid 19. U ovim još uvek van-
rednim okolostima uspeli smo da prevađimo sve poteškoće i publikujemo sva četiri broja časopisa “Tek-
stilna industrija” u predviđenim rokovima sa tiražom od 100 komada. Time je ispunjen plan o redovnosti 
izlaženja časopisa u 2022. godini.

Redakcioni odbor sa glavnim i odgovornim urednikom potrudio se da poboljša kvalitet časopisa sa 
boljim sadržajem, kvalitetnim radovima, savremenim tematikama i aktuelnim informacijama, kao i većim 
brojem radova te je u ovoj jubilarnoj godini publikovano ukupno 30 radova, a od toga je 14 radova autora 
iz inostranstva (Turske, Nemačke, Indije, Bangladeša i Makedonije) i ukupno 22 rada na engleskom jeziku. 
Svi radovi imaju UDC brojeve i karakter rada, DOI oznaku, imaju apstrakt i ključne reči na srpskom i engle-
skom jeziku.

„Tekstilna industrija” je časopis otvorenog pristupa (OA). Objavljeni članci distribuiraju se u skladu sa 
licencom Creative Commons Attribution 4.0 International (CC BY). Visoka vidljivost radova objavljenih u 
časopisu “Tekstilna industrija” je trajno obezbeđena posredstvom SCIndeksa i dodatno uvećana automat-
skim reindeksiranjem metapodataka u DOAJ i punog teksta u Google Scholar-u.

Časopis “Tekstilna industrija” je časopis sa dugogodišnjom tradicijom, te je ove godine obeležio svoj 
Jubilej, 70 godina neprekidnog publikovanja. Nadamo se da ćemo i u narednoj godini, opravdati dato 
poverenje i nastaviti publikovanje časopisa “Tekstilna industrija” sa još više uspeha.

Glavni i odgovorni urednik
Prof. dr Snežana Urošević
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DEFECTS FORMATION IN AUTOMATED FIBER 

PLACEMENT TECHNOLOGY
Sara Srebrenkoska1*, Vladimir Dukovski2

1 Faculty of Mechanical Еngineering, 
  University Goce Delcev Stip, North Macedonia
2 Faculty of Mechanical Engineering, Ss Cyril and Methodius, 
  Skopje, North Macedonia
* e-mail:sara.srebrenkoska@ugd.edu.mk

Abstract: In the frame of this work, a robotic Automated fi ber placement - AFP in situ process was applied to ob-
tain high quality thermoplastic composite structures. Automated fi ber placement (AFP) with laser assisted heating 
(LAFP) is an attractive manufacturing technology for the development of lightweight and high performance com-
ponents, primarily for the aerospace, automotive, military and many other dominant industries worldwide. For 
the samples laminate plates produced with the AFP procedure, the fl exural strength was investigated, and optical 
images were analyzed for irregularities such as pore content and weaker interlaminar bonding between the layers. 

Keywords: automated fi ber placement, thermoplastic, laser, fl exural strength, irregularities.

FORMIRANJE DEFEKATA U TEHNOLOGIJI 

AUTOMATSKOG POSTAVLJANJA VLAKANA

Apstrakt: U okviru ovog rada primenjen je robotizovani proces automatizovanog postavljanja vlakana - AFP 
in situ za dobijanje visokokvalitetnih termoplastičnih kompozitnih struktura. Automatsko postavljanje vlakana 
(AFP) sa laserskim grejanjem (LAFP) je atraktivna proizvodna tehnologija za razvoj lakih komponenti visokih per-
formansi, prvenstveno za vazduhoplovnu, automobilsku, vojnu i mnoge druge dominantne industrije širom sveta. 
Za uzorke laminatnih ploča proizvedenih AFP postupkom, ispitivana je čvrstoć a na savijanje, a optičke slike su 
analizirane na nepravilnosti kao što su sadržaj pora i slabija interlaminarna veza između slojeva.

Ključne reči: automatizovano postavljanje vlakana, termoplast, laser, čvrstoć a na savijanje, nepravilnosti.

Scientifi c paper

UDC: 677.1/.5+621.7
DOI: 10.5937/tekstind2204022S

1. INTRODUCTION

Current trends in composite manufacturing tech-
nologies for the aerospace industry are focussed on 
the automatic deposition of composite tapes and 
new multi-component materials systems, such as 
toughened prepregs, for improved component per-
formance, damage tolerance or added functionality. 
The automation and material technologies enabling 
these advances have progressed much further than 
the capability to understand, predict, and optimise 
the manufacturing processes [1], [2]. Two of the main 
technologies for automated deposition of pre-preg 
material are Automated Tape Laying (ATL) and Au-

tomated Fibre Placement (AFP) [3], [4], [5]. In recent 
years there have been a number of experimental and 
numerical studies carried out to predict and charac-
terise the knockdown eff ect of gaps and overlaps on 
fi nal mechanical properties of components manufac-
tured by AFP.

2. AUTOMATED FIBER PLACEMENT (AFP)

Automated Fibre Placement (AFP) is a fi ber/tape 
laying processes for production of high performance 
composite laminates from unidirectional prepreg ma-
terials. AFP is a main technology used today to pro-
duce complex composite parts [6].
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The term fi ber placement is used to describe the 
process of laying a group of multiple narrow prepreg 
strips on more complex surfaces. The production pro-
cess with automated laying of thin prepreg strips with 
an accurate width of up to 12.7 mm or using single 
fi bers or multiple fi bers forming narrow strips (tow) 
with widths of 3.175 mm, 6.35 mm or 12, 7 mm (0.125 
inch, 0.250 inch or 0.50 inch) is known as AFP tech-
nology. With the AFP technology, fi bers can be lay up 
in diff erent orientations. AFP machines are usually 
equipped with a head that can carry up to 32 spools 
of material to be laid (Fig.1) . 

During the process, each prepreg strip is pulled 
from a separate spool which is housed in a tension-
ing system. Each individual strip is then pulled to the 
lay-up head via a conveyor system. At the end of the 
head, through which the composite material is laid, 
each individual strip is grouped into an output wide 
strip, the so called course, whose width can vary dur-
ing the process. During application, each individual 
prepreg tape moves at a certain speed, which allows 
the tape to be laid freely on a complex shaped sur-
face[7-9].

For the AFP process, the thermoplastic fi bers/
tapes that are lay up should be heated, and the heat 
source can be an infrared heater, hot air or a laser. 
So, through their heating, the layers that are being 
laid stick together and to achieve consolidation, a 
compaction roller is used. In this procedure, a robot 
is most often used to lay the strips along predefi ned 
paths which allows a high degree of freedom in the 
design of the fi nal product [10-12]. 

The research that has been done on the applica-
tion of the robot in the automation of the processes 
for the production of composite products is aimed at 
improving the existing production processes [13,14].

Figure 1. Automated fi bre placement head, 
redrawn from [10]

Most of the research on automated production 
is oriented towards the application of thermoplastic 
prepreg materials, although many responsive and 
load-bearing composite parts obtained with thermo-
set materials are in use today [15-18]. The reason for 
such research is that during the processing of ther-
moplastic prepreg, the material can be combined in 
situ directly during laying. However, when process-
ing thermoplastic prepreg as well as when process-
ing thermoset prepreg, many challenging problems 
appear such as: the appearance of gaps (gaps) and 
overlaps (overlap) between the strips, which aff ects 
the fi nal characteristics of the material, which requires 
in-depth research. From the research that is being 
done on the application of robotic processes for the 
automatic laying of fi bers/strips, it is expected to en-
sure better obtaining of high quality structures from 
composite materials with a new process called in situ 
consolidation [19-21].

3. EXPERIMENTAL

In the frame of this investigation, thermoplastic 
unidirectional prepregs (UD) were used for the pro-
duction of samples - laminate plates from thermo-
plastic composite materials.

The UD prepreg material (Toho Tenax, Germany) 
is based on carbon fi ber (Tenax®-E HTS45 12K) and 
polyether ether ketone PEEK. The PEEK thermoplastic 
polymer matrix off ers excellent chemical and solvent 
resistance. The carbon fi bers Tenax®-E HTS45 have 
high tensile strength and they are prepared with sur-
face treatment for thermoplastic applications. Their 
combination with PEEK result in a prepreg material 
that is good for obtaining superior composite mate-
rials. characteristics. 

UD prepreg tape with 304.8 mm wide is slitted into 
6.35 mm wide strips on a slitting and rewinding ma-
chine manufactured by Microsam (Prilep, Nort Mace-
donia). In fi gure 2  the machine for sliting the prepreg 
is given, where 48 strips of prepreg are obtained from 
its width. The laying of the tapes was done using an 
AFP head for laying prepreg tape, manufactured by 
Microsam (Prilep, Nort Macedonia), which is mounted 
on a robotic arm.

The robotic arm with the AFP head which was 
applied for the lay up of the UD prepreg tapes is pre-
sented on fi gure 3. The AFP head has 4 spools of 6.35 
mm wide prepreg strips and during the lay up  these 
4 prepreg strips are forming one course with 25.4 
mm wide. Six courses like that create one layer or one 
lamina. The laminate samples were produced with 16 
layers laid at an angle of 0°, so that the thickness of 
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the resulting laminate plates is ~ 2 mm. The obtained 
laminate plates have dimensions: (300 x 150) mm. So, 
for one layer 6 courses or 24 strips of prepreg are ap-
plied. The construction of one lamina or one layer is 
shown in fi gure 4.

©Mikrosam
Figure 2. Prepreg slitting and rewinding machine, 

manufactured by Mikrosam

                                                         
                                                                                         

©Mikrosam                                                          
Figure 3. Robotic arm with AFP head with 4 spools at 
the Institute for Advanced Composites and Robotics 

(manufactured by Mikrosam – Prilep)

Table 1 shows the conditions under which the 
prepreg strips were lay up using the AFP procedure.

Figure 4. Construction of one lamina laid by AFP 
procedure

3. RESULT AND DISCUSSION 

In the frame of this investigatio, four samples - 
laminate plates were produced from UD prepreg with 
the AFP procedure. When multiple prepreg are lay up 
simultaneously forming a course there is a possibility 
of irregularities such as gaps and overlaps and there is 
no continuity in the width of the course [18,19]. It re-
sults in defects in the microstructure and in obtaining 
lower values   for stress during bending of the samples 
[20-22].

Namely, applying a higher processing tempera-
ture and higher pressure when the laser beams fall at 
a smaller or larger angle results in formation of a good 
bond between the layers. Samples obtained at lower 
pressure and higher processing temperature as well 
as those obtained at lower temperature and higher 
pressure showed lower values for bending stress (ta-
ble 2). Those samples also have a higher percentage 
of pores, which is clearly visible from the obtained 
metallographic images from the optical microscope.

The metallographic images of the cross-sec-
tions of samples 1 and 4 are given on fi gure 5. From 
the optical microscope images and the calculated 

 Table 1. Conditions for lay up using the AFP procedure

LAFP-UD Processing 
temperature, oC

Laser angle, 
o

Roller pressure, 
N

1 480 25 530

2 480 22 530

3 480 25 385

4 420 22 530
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Table 2. Results obtained for bending stress for LAFP-UD specimens

Marking of samples

LAFP-UD
Width b (mm)

Thickness d 
(mm)

F
(N)

𝝈
(MPa)

𝝈𝒔𝒓
(MPa)

1
1-1 15,20 1,95 1267,1 1150,95

1-2  15,91  1,93 1058,5 938,29

T= 4800C   1016,53
1-3 16,01 2,07 1219,8 934,09

P=530N 1-4 15,80 2,00 1200,4 997,17

a = 250 1-5 15,94 1,99 1277,1 1062,16

2
2-1 15,75 2,11 1238,8 927,50

2-2  15,80 2,08   1037,3 796,67

T= 4800C    905,45
2-3 16,01 2,05 1097,9 856,69

P=530N 2-4 16,05 2,08 1331,1 1006,39

a = 220 2-5 15,75 2,11 1255,5 940,01

3
3-1 15,49 1,60 713,9 945,16

  3-2  16,40 1,49 655,5 945,18

T= 480C    864,93
3-3 15,49 1,60 631,2 835,67

P=385N 3-4 15,10 1,53 574,3 858,67

a = 250 3-5 15,60 1,66 605,9 739,98

4
4-1 15,15 1,87 893,9 885,83

  4-2  15,50  1,79 739,1 781,31

T= 4200C    807,27
4-3 15,20 1,89 932,8 901,95

P=530N 4-4 15,15 1,70 690,5 827,97

a = 220 4-5 14,89 1,70 524,0 639,29

percentage of pores, it can be noticed that the lami-
nate samples obtained with the AFP procedure have 
a high  percentage of pores. Samples obtained at a 
higher processing temperature and higher roller pres-

sure showed a pore content of about 8%, while sam-
ples obtained at a lower processing temperature and 
higher roller pressure and opposite showed a pore 
content of about 10%.
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It clearly shows that the AFP process results in 
laminate plates with weaker characteristics due to the 
appearance of irregularities during the formation of 
the courses of the four narrow prepreg that laying up 
simultaneously on a fl at surface.

4. CONCLUSION

The AFP process can be successfully used for lay up 
of thin prepreg strips on surfaces that can be curved, 
namely, to obtain asymmetric laminates. When apply-
ing this process for laying prepreg tapes on such asym-
metric surfaces, it is possible to change the physical 
orientation of the tapes locally, which results the over-
lapping of gaps and the reduction of defects inside the 
structure. Therefore, this process is mostly applied to 
obtain smaller and curved parts, and when laying on 
fl at surfaces, the accuracy of the robot becomes a key 
issue when applyed to laying prepreg tapes.

In this research the pore content is from 8% to 10% 
which clearly shows that the accuracy of the robot has 
an important role.  On the other hand the AFP process 
is a technology that is applied to lay up prepreg tapes 

on surfaces that can be curved and which can rotate, as 
well as for obtaining smaller composite parts.
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