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Summary. Currently, the scope of application of laser welding is constantly expanding, in particular for
the connection of polymer films of different types. This method of welding successfully competes with traditional
methods, such as welding with heated tools and ultrasound in the light, medical, food and packaging industries.
Advantages of laser welding are the absence of direct contact between the energy source and the heated surfaces
and the ability to vary the intensity of heating by adjusting the temperature of the radiator and the distance to it.
Currently, the most common laser welding technology is the transmission (permeable) method for overhead joints,
which uses the effect of transparency of some polymeric materials for the laser beam.

The transmission welding of low-power short-focus laser of polyethylene films of different types is carried
out in the work. Knee welding was performed using a diode laser with a power of 1 W with a wavelength of 532 nm
(green color of the visible light range). The laser on the clamping platform was moved along the connection line
by means of a mechanical trolley. During welding, a 0.8—-1 mm wide seam was formed and a slight convexity to
the outside due to the expansion of the molten polymer material. Experimental studies of the influence of the main
parameters of the laser welding process on the morphology of joints of polyethylene films of grades T and H. It is
shown that welding laser films in the range of 0.015-0.1 mm does not require expensive laser equipment. A laser
with a power of no more than 1 watt is enough to make a good connection.

The quality of the welded joints of the films was evaluated by visual inspection, examination under a
microscope and tear tests. Studies of experimental welds have shown their strength at the level of the base material.
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Statement of the problem. At present, the scope of plastics applications is constantly
expanding [1, 2]. A large class of plastic products consists of different types of films, for the
connection of which several welding technologies have been developed. Laser welding of
polymer films is currently successfully competing with such methods as hot-tool welding and
ultrasonic welding in various fields, such as light and food industries, medicine, different types
of packaging. The use of this welding method is limited by the high cost of laser equipment.
Therefore, it is important to develop methods for welding polymer films using low-power cheap
lasers.

Analysis of available investigation results. While binding polymer films, the problem
of welding process effectiveness is usually the most important. The use of laser radiation in this
case makes it possible to achieve high values of power and energy flux density, which makes
it fundamentally different from other heat sources. It is believed that almost all thermoplastics
and thermoplastic elastomers are suitable for laser welding [3].

Lately, the most common technology of laser welding of polymeric materials is welding
of overlap joints by transmission (permeable) method [4]. The essence of this method is that
the laser radiation passes through the transparent upper part of the welded joint and is absorbed
with heat release on the surface of the lower opaque parts. The typical scheme of the
technological process of plastics transmission welding is shown in Fig. 1. The overlapping weld
consists of the upper transparent to the laser beam part and the lower opaque (absorbing)
polymer part. The laser beam easily passes through the upper part, is absorbed by the surface
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of the lower part and heats it (stage 1). In the general case, the parts are not flat against each
other, so a gap is shown between them. The material of the lower part in the irradiation zone
increases in volume and melts (stage 2). Over time, the heated material of the lower part comes
into contact with the upper part and heat it (stage 3). The material of the upper part also melts
(stage 4) and mixes with the melt of the lower part, forming the future weld. All these 4 stages
take a short period of time, during which the area of laser radiation moving along the joint with
the welding speed passes a specific seam section.
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Figure 1. Scheme of laser transmission welding of polymeric materials: 1) the stage of radiation energy
conversion into heat; 2) the stage of absorbing part melting; 3) the stage of melt expansion and its contact
with the upper part; 4) the stage of heating and melting of the upper part

After termination of radiation, the melts of both parts harden, forming the weld. If the
upper part is light, some pressure is applied to it to ensure the quality of the weld. Previously,
we showed that for welding of translucent thin PVC films it is possible to use low-power laser
with visible radiation [5]. In this work, the classical scheme of transmission welding of
polyethylene films, with upper transparent and lower opaque ones, by means of such laser is
tested.

The objective of the paper is to develop the method of polyethylene films welding by
means of low-power laser, to find out the patterns of the welding process, as well as to
investigate the mechanical properties of welds.

Statement of the problem. In this paper, the features of transmission laser welding of
thin polyethylene films by low-power laser of optical radiation range and mechanical properties
of the obtained welded joints are investigated on the experimental equipment.

Materials and methods. In this work, laser welding of polyethylene films of T and H
grades is performed: the lower layer is black material that absorbs light, the upper layer is
transparent film of white-gray color. The top polyethylene film of T grade is designed for
technical use in construction, repair, packing of technical products. The lower polyethylene film
of H brand is designed for production of consumer goods and packing materials of this category.
The properties of polyethylene films of T and H grades are specified in the currently invalid
interstate standard (GOST) [6].

1 W diode laser with 532 nm radiation wavelength (green colour of the visible light
range) is used in this work for polyethylene films welding. It should be noted that diode
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(semiconductor) lasers belong to the solid class [7]. The generation of radiation in them occurs
under the action of the forced photons formation during the transitions of electrons between the
semiconductor zones under conditions of their high concentration in the conduction area. The
active media of such lasers are semiconductors based on gallium (for example, gallium arsenide
GaAs) and indium (indium phosphide InP). In this case, the laser optical system is made in the
short-focus version.

Investigation results. The general view of the experimental installation for transmission
laser welding of polymer films is shown in Fig. 2. Special slides are used to mount the laser
and apply pressure to the surface of the film to be welded. A fluoroplastic plate is fixed on the
lower surface of the slides to ease sliding along the film surface. The slides are attached to the
cart with two hinged levers, which allow them to track freely the profile of the surface on which
the cart moves. The diode laser case mounted on the slides is able to rotate relatively to the
horizontal axis in order to adjust the location of the laser beam spot on the welded surface. The
laser beam is constantly focused on the spot with 0.8—1.0 mm diameter at 45 mm distance from
the front plane of its case. The laser power during welding remains constant, the amount of
penetration is adjusted by changing the welding speed. The laser is moved along the joint line
with the welding speed, as in the previous work [3], by means of mechanical cart from Leister
apparatus. The cart speed is regulated by electronic device within the range 0.1-5 m/min.

Figure 2. Experimental installation for transmission laser welding of polymer film with short-focus laser.
1) — welding cart; 2) — diode laser; 3) — slider-clamp for laser mounting; 4) — lower polyethylene film of black
colour; 5 — upper transparent polyethylene film; 6 — weld

The quality of welded joints was assessed by visual inspection, microscopic
examination and tear tests. During laser welding of polyethylene film, the seam with 0.8-1 mm
width is formed. It has a slight excess weld outside due to the expansion of the molten material.
Enlarged image of the weld of polyethylene films with 0.1 mm thickness (upper) and
0.05 (lower) is shown in Fig. 3, and its cross section — in Fig.4. The formation of pores and
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shells on the surface of the weld is possible (Fig. 3). This is caused by intense heating of the
wel material by laser beam and evaporation of various impurities and contaminants on the
surface and in the welded material. Investigations of welds shows that a small number of pores
on the weld surface does not affect its strength and tightness.

I mm

Figure 3. External view of the polyethylene film weld performed by transmission laser welding

| mm

Figure 4. Cross-section of two polyethylene films joint performed by transmission laser welding

The cross section of the weld (Fig. 4) shows that mainly the material of the lower film
melts, increasing in volume and due to heat transfer heats the thin layer of material of the upper
film. After that, the weld is formed. Its quality depends on the amount of specific energy
supplied to the welding area. Insufficient heating of the welding area does not fuse the upper
and lower films, excessive heating creates numerous pores and gaps, which reduces the
mechanical properties of the welded joint.
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Conclusions. The experimental installation for transmission laser welding of

polyethylene films with short-focus laser is developed and manufactured. Experimental
investigations of the influence of laser welding process main parameters on the morphology of
the joints of polyethylene films of T and H grades are carried out. It is determined that for
welding of films with 0.05-0.1 mm thickness range, laser with 1 W power is generally sufficient
to form high-quality joint. The disadvantage of the proposed technological scheme is the use of
slides, which prevent accurately direction of laser beam to the joint line and monitor the welding
progress directly.
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JIABEPHE 3BAPIOBAHHA INOJIIETHJIEHOBHUX IIJIIBOK

Muxkoaa Kopad; Makcum IOpxkenko; Ajsina Bamyk; Mapuna MeHn:xxepec

Incmumym enexmpo3zeaprosanns imeni €. O. [lamona HAH Ykpainu,
Kuis, Ykpaina

Pe3tome. B oanuii uac nocmitiHo po3uuproiomscs cgpepu 3acmocy8anHs 1a3epHO20 38aPIO8ANHS, 30KpemMd

0151 3’ €OHAHHS NOJIMEPHUX NAIBOK pi3HuX munis. Lleti cnocid 36aprogants YCHiWHO KOHKYPYE 3 MpPaouyiuHumu
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cnocobamu, makumy, AK 36aplO6AHHA HASPIMUM IHCIPYMEHMOM Ma YIbMpPaseyKom npu npoeedenui pobim y
JIeeKill, MeOuuHil, Xapuosii npomuciogocmi, naxyeauui. Ilepesazu nazepHoco 36apiOSaAHHS — GIOCYMHICMb
be3nocepednbo20 KOHMAKMy Midc 0J4cepeiom enepeii ma noeepxuAMY, W0 HASPIBAIOMbCA, MA MOICTUBICING )
WUPOKUX MEdHCaX 3MIHIOBamu [HMEHCUBHICMb HASPIGAHHA pPe2YNIoouU meMnepamypy SUnpOMIHIO8AYd mda
giocmanb 00 Hbo2o. Hauinowupeniwoo 6 0anuil yac mMexHon02i€l0 1a3epHO20 36APIOSAHN € MPAHCMICIIHUL
(MpOHUKHUIL) MemoO 018 HANYCKHUX 3 €OHAHb, WO BUKOPUCMOBYE eqheKm NpOo30poCcmi OesaKUX NONIMepHUX
Mamepianig 0/1a 1a3ePHO20 NPOMEHSL.

Y pobomi nposedeno mpancmiciiine 36apiogarnHs MANONOMYICHUM KOPOMKOPOKYCHUM NA3EPOM
noniemuneHosux NAi6oK pi3HuX munie. 36apio6ants 6HANYCK NPO6edeHO 3a 00NOMO2010 0i00HO20 Nda3epd
nomysicuicmio 1 Bm 3 doescunolo xeuni eunpominiosanns 532 um (3enenutl KOMp C8IiMN08020 SUOUMO20
dianasony). Jlazep Ha npUMUCKHIT NAAM@POPMI nepemiani 830084 JiHIi 3 €OHAHHsL 30 00NOMO20I0 MEXAHIYHO20
sizka. I1io uac 3eapyeanis 6iobysanocs gpopmyeans wea wupunoio 0,8—1 mm ma Heenuxoio ONyKIicmio Ha306Hi
3a paxyHoK po3uiupens posniaeieno2o noaimeprozo mamepiany. Ilposedeno excnepumeHmanvi 00CIiOHCeHH s
6NIIUEY OCHOGHUX NApAMempié npoyecy JaA3epHO20 36APIOSAHHS GHANYCK HA MOp@onoziio  3’€Onanb
noaiemunenosux naieox mapoxk T ma H. I[lokasano, wo 011 36apro8aHHa NAIBOK Yy O0IANA30Hi MOBUWUH
0,015-0,1 mm He nompibue éapmicHe nasepre 00AAOHAHHA, A O YMEOPEHHS AKICHO20 3 €OHAHHA OOCMAMHbBO
nazepa nomysicuicmio He oinvuie 1 Bm.

AKkicmb  HANYCKHUX 36APHUX 3 €OHAHbL NIIBOK OYIHIOBANU GI3VANLHUM O0215100M, BUBYEHHAM NiO
MIKpockonom ma eunpobogysannamu Ha 6iopus. IIposedeni 00CniodcenHs eKCnepUMEHMANbHUX 36APHUX UWBIE
noKasanu ix MiyHiCmov Ha Pi6Hi OCHOBHO20 MAMEPIAI).

Knrouosi cnosa: 3eapni 3’ €Onants, noaiemuieHo6i NiieKu, MpancMiCiline 1a3epHe 36apioeanHsi, 0l0OHI
nasepu.
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