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AUTOMATIZOVANI PROCES POSTAVLJANJA TRAKE
POMOCU LASERA ZA PROIZVODNJU KOMPOZITNIH
LAMINATA

SIRAKT: U okviru ovog rada, proizvedeni su kompozitni laminati pomocu
é;)r;ologij'e r.mlomatsko postavijanje traka (ATL) sa laserom. Kompozimi laminati su
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utomated manufacturin
£ pro
{ems has to be done [1]. Process

(e structures, the applying of a

performance composi
dvanced prepreg sys

with out-of-autoclave a
being widely used to manufacture advanced compogit
Automated Fiber Placement (AFP) anfj
n technologies that are used to ma

1 to lay one or several layers :f

ed manufacturing is NOW
unidirectional - prepregs.
Laying (ATL) are the two mai

composite parts. Both s use robotic systen
unidirectional prepreg tape onto a tool to manufacture a part. Each layer can be laid wig,

different orientation, which benefits a structure capable to carry load in their acquired
direction. Each tape 18 pressed to the mould by a roller for proper compaction. The

essence of this technology is shown in Figure 1 [2].
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Figure 1: Functioning of the ATL process

Figure 1 shows the functioning of ATL ( i
how: g or AFP) and represent irectl
sz;preg direction, compa_ction roller, heating by hot gas anclin %h?elzi;z;ptgglec;{;n
eacﬁ/ﬁgtll; sg(estemf are tlylrpxcally indilvidually suited for a particular application hov;revere
10s¢ systems has a typical component, such as: h 1 i :
fiber feeding system; robotic arm; control panel (Figure 2). e

Arl(l)dllllzlsoﬁant %art of Fhe whole system is control software. Typically. AFP/ATL

51 ° mbOrts provide a dedicated software together with the system. The softw’are controls

hieat sourc?ot:z? and technology parameters like tape laying speed, compaction force

simulation. The f;g?;;:e'rghetsgﬁwaf? can also analyse fiber direction and perfom;
. S b -

[4-6]. presented in Figure 2 is designed for small part manufacturing

Union of Engineers and Textile

Scanned with CamScanner



r

-‘- 1l International scientific conference

Contemporary trends and innovations in

I the textile i L6
16-17th May, 2019, Belgrade, Serbia e dedustry

Figure 2: AFP/ATL technology - components

Commercially available AFP/ATL systems can work with 3 types of composite
materials: thermgset prepreg; thermoplastic prepreg; dry fiber (unsaturated). Each
material is supplied on a standard spool as a unidirectional tape. The most common
material system used for structure build are thermoset materials. New generation
AFP/ATL systems are equipped with a laser heat source to allow thermoplastic materials
processing [7].

A combination of system with thermoplastic materials with an aim to achieve in-situ
parts fabrication can be very beneficial from the cost standpoint. That technology has
been used in industry for several years. Nowadays, the research is still being conducted
to obtain a high material quality by means of using in-situ AFP/ATL technology with
thermoplastic materials [3,4]. Thermoplastic composites have several advantages [8]:
good damage tolerance properties; superior chemical resistance; non-limited storage
time; recyclability. These advantages make thermoplastic composites a very interesting
material for structures parts manufacturing, not only from the cost perspective but also
from structural strength capability standpoint. The main advantages of AFP/ATL system
are producibility; fiber direction accuracy, part to part repetability; low amount of
material waste. AFP/ATL systems have also several disadvantages and limitations.
Typical limitations are related to the mould shape, compaction roller diameter, head

geometry etc [9-11].

2. EXPERIMENTAL

The materials used in this paper were thermoplastic unidirectional prepreg tapes.

Prepreg is a semiproduct consisting of reinforcing fibers and thermosetting or
thermoplastic polymer matrix. This material can be further processed at a certain.
temperature depending on the polymer matrix and the appropnate pressure for forming a
composite structure with certain strength characteristics. For the investigation in th
frame of this paper two types of thermoplastic unidirestional prepreg tapes with mdt_‘lz;;p‘f\.
25 mm were u lied by Suprem:
- CF/PEEK: Uslsc:)'rzllljlzgg base):l onpAS4 carbon fibre and Polyether ether ketone (PEEK).

- CF/PPS: UD prepreg based on AS4 carbon fibre and Polyphenylene sulfide (PPS)
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The composite laminates were prodgccd by using a lzsfr aSSJEIed ta
manufactured by Mikrosam, Macedonia. Head is at’tach.e 0 a robot ary
in Fig. 3. The tape head consists 0‘1': (1)a consqhdalmn ml‘l‘er %lll)ler d1a~
(2) a tape feed, guidance, tensioning, and cutting syslem for JD tape;
connected via a fibre-optic cable to a rcm_olely-]ocaied 3 kW dmde_laSer
a temperature sensor (pyrometer). Sp?c1111e115 were produced ‘wllh 6-
prepreg and they were processed at different temperatures and different

Parameters which were used for the production of the composites are gi
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Figure 3: Production of composite samples

Table 1: Technological parameters for Production of samples with ATL, process

Codes of
Lype ol composite Tem;ztgature Type of laser optics
material samples (°C)
. 1 400 LL2.20/L12.10 68 x34mm? £300mm
FEEKICE 2 420 LL2 20/L12.10 56 x28mm? £250mm
PPS/CF 3 330 LL2.20/L.12.10 68 x34mm? £300mm
4 350 LL2.20/L.1.2.10 56 x28mm? £250mm

mposites such as flexura] strength and the mo@ulus
(ASTM D 790) and tensile strength and the modulus (ASTM D 3039) were determined.
The tests samples were carr

Mmperature by using the universal testing
machine with max load of S0kN and loading speed of § mm/min
3. RESULT AND DISCUSSION
Table

2 shows the results of the tested characteristics of UD prepreg materials. The
prepared test specimens (five specimens of a]] 4 different types of composite lamﬂ_‘ates)
according to the a ural and tensile strength are given in Fig. 4

Ppropriate standard for flex g
Table 3 shows a s tensile properties for composite laminates.

ummary of the flexural and
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Table 2: Tested characteristics of UD prepred materials
¢ % wt. % vol,
Type '01 Catbon Carbbs Pe . Prepreg areal Strength | Modulus
materia fibers fbers (g/em’) | weight (g/m?) (MPa) (GPa)

PEEK/CF 66,81 59,39 1,3314 203,2 22559 96,1
PPS/CF 65.72 59,67 1,3549 205,1 2146,7 94’4

s

Figure 4: The prepared test spééunens

Table 3: Flexural and tensile properties for composite laminates

Flexural tests Tensile tests
Samples Strength Modulus Strength Modulus
(MPa) (GPa) (MPa) (GPa)
1 786,2 278 1383,9 78.3
2 1088,1 63,2 1891,1 112,4
3 765,3 29,5 1605,0 88,1
4 1066,0 75,0 22132 1214

On the basis of the obtained results, it can be noticed that the parameter temperature as
well as the type of laser optics have a significant impact on the performance of the
composite laminates. Namely, the higher temperature gives better consolidation of the
layer prepreg, which results in higher flexural and tensile strengths in the composites.
The application of a higher temperature and the ghange mn laser optics led to the
production of composite laminates with approximately 40% higher values for

mechanical performance.

4. CONCLUSION

In the frame of this paper, the experiments for determ;'ning the influence of temperature
and laser optics in obtaining composite laminates with good mechanical performance
based were camried out. The obtained results showed that temperature and optics
Sigﬂiﬁcantly influence on the mechanical properties of‘ Iarr_linates. Namely, the hlgher‘
temperature and the appropriate choice of laser optics n the automate laying of
thermoplastic prepreg result in higher slrepgths in laminates. This means that ‘the_ ;xac:
technological parameters during the laying of the. prepreg layer have a significan
influence on the mechanical properties of the composite laminate.
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