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Summary. A number of polymeric materials are translucent for infrared radiation. The use of low-power
infrared lasers makes it possible to weld polymer sheets due to the penetration of radiation into the material depth.
The possibilities of transmission welding of polybutene sheets, as well as several layers of polyethylene film are
investigated. Epilog Fiber Mark 20 installation equipped with 20-W fiber infrared laser with /.062 um radiation
wavelength is used. According to the investigation results, the maximum penetration depth of polybutene sheets at
thea given radiation power is determined. The ability of welding up to eight layers of colored polyethylene film of
PVD-108 and PVD-158 grade is shown.
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Statement of the problem. The technological possibilities of laser welding of plastics
have been significantly extended by the development and mass industrial production of solid
fiber lasers with resonators made of optical fiber alloyed with rare earth elements [1]. Lasers of
this type usually emit electromagnetic waves of the near-infrared range, which have
considerably higher penetration capacity for polymer materials and make it possible to heat
evenly both the surface and the thickness of material in the irradiation zone.

Analysis of available investigation results. Lasers among other sources provide the
highest concentration of energy in the heating area, and are widely used for cutting and welding
of various materials, particularly plastics [2]. Almost all thermoplastic composite polymer
materials, as well as polymer reactive plastics, are transparent for near-infrared radiation [3].

In the past years, powerful CO:z lasers were used mainly for welding both metals and
polymer materials, which provide almost instant material melting from the surface into great
depth. In the heating area, there is a powerful splash of material to the outside as a result of the
melt extrusion by steam-gas channel and thermal material expansion [4]. While welding
plastics, this effect of excessive extrusion of the polymer material significantly complicates the
weld formation.

In our previous papers [5] it is shown that for welding polymer films within 0.015-0.1 mm
thickness range it is possible to use lasers with the power up to 10 Watts and radiation within the
visible spectrum range. More powerful source of energy is required to weld thicker material.
Therefore, the industrial fiber laser emitting in the near-infrared range is tested in this investigation.
This radiation is not perceived by eyes, but most polymer materials are translucent to it, even with
the presence of additional impurities and dyes in the material.

The objective of the paper is to investigate the peculiarities of welding optically
opaque polymer materials using the laser with infrared radiation.

Statement of the problem. In this paper, experiments of transmission welding of
polybutene sheets and several layers of polyethylene films by infrared laser are carried out on
industrial laser equipment, and the properties of the resulting welded joints are investigated.
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Materials and methods. The experiments are performed using Epilog Fiber Mark 20
laser unit [6]. The installation is equipped with solid laser based on optical fiber alloyed with
ytterbium chemical element. The maximum power of the laser is 20 Watts at 1.062 um radiation
wavelength.

In order to determine the required irradiation modes, experiments of welding the
polybutene sheet with 1 mm thickness at power within the range of 50-100% and 1-3 m/min
welding speeds are carried out. Polybutene is often used in experimental investigations due to
its expressed macrostructure, which contributes to the investigation of the morphology of welds
without the use of additional macrosection processing measures. The possibility of welding
several layers of colored polyethylene film is investigated as well. Polyethylene film of the first
grade (grades H and T) is made of primary high-pressure polyethylene (PVD-108, PVD-158)
by the method of extrusion in the form of a sleeve [7].

The results of the investigations. While welding the thin polymer films in one or more
layers, it is important to ensure the heating mode by laser beam, which ensures the required
amount of penetration. While welding the polymer sheets, it is also necessary to ensure the full
depth material melting. At the same time, too much radiation energy results in the formation of
burnings, as well as the destruction of the material being welded.

It should be noted that the polybutene sheet is translucent for visible and IR radiation.
Under the influence of laser radiation and movement of the laser at a certain welding speed, the
material thickness melting occurs, its depth increases in proportion to the amount of specific
energy (the energy of laser radiation invested in the unit of weld length per unit of time). The
amount of melting reached at the maximum power of specific energy is 0.5 mm. At the same
time, rather uneven outer roll of the grating is formed, its width is 0.2-0.3 mm. In the depth of
the material, a sharp wedge-shaped melting is formed, which is characteristic of welding with
powerful concentrated energy sources (Fig. 1). As the specific energy of the laser beam
decreases, the sharpness of the melting wedge decreases, its shape becomes more rounded,
which is important in cases of welding thin polymer films. According to the results of
experimental investigations, the dependence of the melting depth on the laser radiation power
and welding speed is determined.
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Figure 1. General view and cross section of polybutene sheet melting at maximum specific heating energy

The film for technical purposes is made with the thickness from 0.03 to 0.2 mm with
the sleeve having 3 or 6 meters perimeter. Welding of thin film in several layers is quite widely
used in packaging industry, since the multilayered film structure usually has greater strength
and elastic characteristics than a single-layer film of the same final thickness. The material of
polymer films usually contains various impurities and dyes that provide the film with the
required physical and chemical properties. Films painted in light colors of unsaturated tones
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(yellow, blue, green) become translucent, including for both radiation of visible and infrared
range, so they can be welded by laser welding in two or more layers.

Experimental welding of 0.05 mm blue polyethylene film is carried out. With 10-20 W
laser power and selection of appropriate value of displacement speed, from two to eight layers
of polyethylene film are welded well. In order to reduce the concentration of energy during thin
film welding, the beam is defocused to the diameter of 1.5-2.0 mm on the material surface. As
the result, relatively uniform weld with nice appearance (Fig. 2) is obtained, which in terms of
its external and strength parameters is not inferior to similar welds made by heated tool welding.

Figure 2. Appearance of multilayer welded joint of the blue polyethylene film

While welding up to four layers of film, the weld turns out to be heated rather evenly,
since laser radiation penetrates into the deep layers of the material and is absorbed there. With
the increase in the number of layers of the film being welded, uneven heating of the upper and
deep layers becomes apparent. While welding eight layers of polyethylene film (Fig. 3), the
two upper layers are partially deformed due to the greater thermal effect of the laser beam.

Figure 3. Welded joint of eight layers of the blue polyethylene film

40 ... ISSN 2522-4433. Scientific Journal of the TNTU, No 4 (108), 2022https://doi.org/10.33108/visnyk_tntu2022.04


https://doi.org/10.33108/visnyk_tntu2022.0

Mykola Korab, Maksym lurzhenko, Alina VVashchuk, Marina Menzheres

However, it is possible to prevent film deformation due to special clamps-fixers.
Obviously, while welding at least two layers of polymer films, it is possible to use less powerful
optical range laser, making it possible to control the process of interaction of the laser beam
with the substance visually.

Conclusions. Experimental investigations of the influence of the main parameters of
the laser infrared irradiation process on the amount of polymer films and sheets melting are
carried out. The possibility of laser welding up to eight layers of polyethylene films with small
thickness which can serve as an alternative to their joining by means of heated tool is shown.
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3BAPIOBAHHA ITOJIIMEPIB IHOPAYEPBOHUM JIASBEPHUM
BUITPOMIHIOBAHHAM
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Incmumym enexkmpossaprosanns imeni €. O. [lamona HAH Yxpainu,
Kuis, Ykpaina

Pesztome. Tpancmiciine nazepue 36apro8aHHA NIACMMAC 3A36UHAU BUKOPUCMOBYIOMb OJil 3 €OHAHHA
8ePXHbOI NPO30POi demani ma HUJNCHLOI Henpo30poi NonimepHoi demani, KA pPo3iepiBAEMbCsA 3a PAXYHOK
NO2NUHAHHS eHepeii npomens onmuunozo dianazony. OQOHAK 3HAYHA KIIbKICMb NOAIMEPHUX Mamepianié €
Hanienpo3opumu 015 iHpauepeoHo2o BUNPOMIHIOBAHHS, WO O03B0IAE 36APIOBAMU ONMUYHO HENPO30pi Oemaii 3a
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PAXYHOK NPOHUKHEHHSI GUNPOMIHIOBAHHA 62aub mamepiany. Texnonoziuni ModiCIueoCmi MmMpaHcmiciuno2o
JIa3epHO20  36APIOGAHHA NIACTIMAC 3HAYHO POZWUPUNU PO3POONEHHS MaA MACOSUll NPOMUCTOBUL BUNYCK
MEepOOMINbHUX THPPAUEPBOHUX BOJIOKOHHUX 11A3€pi6, Pe30HAMOPU AKUX BUSOMOBIIeHI 3 ONMUYHO20 B0JIOKHA,
J1e208aH020 PIOKO3eMeNbHUMU eleMeHmamu. B pobomi docnioceno moxcausocmi mpancmicitinozo 36apro8anHs
noaiMepHux Jaucmie ma naieox manonomyscuum (20 Bm) ingppauepsonum nazepom i3 O008XHCUHOW XGUTL
sunpomintoganns 1,062 mxm. /[na 6usHauaHHsa HeOOXIOHUX PedicumMie ONPOMIHEHHS NPOBOOULU eKCNepUMEeHmU 3
NPONIABLEeHHs ONMUYHO HeNnpo30po20 aucma norioymerny moswuroro 1 mm. Ilokasawno, wo 6 enubuni mamepiany
dopmyemobcs nponnasneHHs 20cmpoi KIUHOBOI opmu, xapakmepHe O 38APIOBAHHSA KOHYEHMPOBAHUMU
Ooicepenamu  enepeii. 3anencHo 6i0 NUMOMOI eHepeii Na3epHO20 NPOMEHS. 3MIHIOEMbCS 20CMPOmMA  KIUHY
NPONAGIEHH MA WUPUHA Wed. 34 OAHOI NOMYAHCHOCMI SUNPOMIHIOBAHHS O IUCMIE NOIOYmMeny 00CASHYMO
Makcumanvry eauburny nponnaenenus 0,5 mm. Takoow 30ilicHeHO eKCnepUMEeHMANbHI 36aPI0GANHS HENPO30POT
noaiemuieH06ol naisku oaakumuoeo Koavopy mosuuroro 0,05 mm npomucnosux mapox I[1B/[-108 ma I1B/]-158.
Hokaszano, wo nazepom Oaumoi nomydxlcHocmi npu nioOopi 6iONOGIOHOT WEUOKOCMI 38APIOBAHHS MOJICIUBE
3’€0HaHHsL 610 080X 00 60COMU WAPIE NONLEMULEHO80T NuieKU. JIsi 3an00ieanHs nepeepieanHs MoHKOI NIieKu
3MEHULY8anU KOHYeHmpayiro enepeii aazepy, npominb pozgoxycogysanu do diamempa 1,5-2,0 mm Ha nosepxwi
mamepiany. B pezynomami ompumano 0ocume pigHOMIpHUTI 36apHULL WO 3 2APHUM 306HIWHIM suenadom. Omoice,
MPAHCMICitIHe  Jla3epHe  36APIOGAHHS  MOJCe CIAY2Y8Amu  ANbMEPHAMUBOI  MPAOUYIIHOMY 3 €OHAHHIO
NOMIeMULEHOBUX NIIBOK 3a OONOMO20I0 HAZPIMO20 THCIMPYMEHINY.

Knruosi cnosa: 3sapni 3’ €OHanHs, 1UCmMO8i NOAIMEPHI Mamepianu, MpancMicitine 1a3epHe 36aplo8atHs,
iHghpauepsoHi nazepu.
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