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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocninkeHHs B3aeMoJii peMTOCEKYHIHUX JIa3ePHUX IMITyJIbCiB 3 apMOBAHUMMU BYTJIELI€BUM BOJIOKHOM

KOHCTPYKLiTHUMMU MJIaCTUKAMU

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Study of the interaction of a femtosecond laser pulses with carbon fiber reinforced structural plastics

Pedepat yKpaiHCBKOIO:

OCHOBHOI0 ITPO6JIEMOIO, IKa BUPILIYETbCS B paMKax pOOOTH € MifBULIEHHS €(DEKTUBHOCTI Ta 3HKEHHSI CTYIIEHS
Ie(EKTHOCTI JIa3epPHOrO pi3aHHA Ta TEKCTYPYBaHHS BYIJIEIIACTUKY MIJIIXOM BUKOPUCTaHHS (PEMTOCEKYHIHOTO
Jla3epa, peryyoBaHHs oro pobo4ux apaMmeTpiB Ta OO PyHTOBaHOI Moau@ikallii CKyIany i CTPYKTypHy MOJIMEPHOTO
KOMIO3UTY. Y po60Ti 6yJ10 BUKOPUCTAHO (PEMTOCEKYH/IHI JIa3epHi iMIyibcH, poboui mapameTpu SIKUX OyIyTh
ONITUMI30BaHi, a TAKOX P, ByIJIEIIACTUKOBAX KOMIIO3UTIB 3 [IOJIIMEPHOIO MaTpuLielo, MOAN(DIKOBAHOIO 3 TOYKU
30py MOTJIMHAHHS Ta PO3CilOBaHHS €HEPrii MpoMeHs. MeToo poboTH € po3podKa METOiB MiJBUIIEHHS
IIPOAYKTUBHOCTI JIA3€PHOTO Pi3aHHS Ta TEKCTYPYBaHHSI apMOBAHOTO BYIJIEL€BUM BOJIOKHOM IVIACTUKY 33 PaXyHOK
peryJiloBaHHS OlepaliiiHuX apaMeTpiB (PeMTOCEKYHIHOTO Jla3epy, CKIALy i CTPYKTypH MOJIIMEPHOTO KOMIIO3UTY.
Ha paHomy erarli BUKOHaHHS 0yJI0 ONITUMi30BaHO BifiCTaHb MK iMITyJIbCaMU YCTaHOBKMU [1Jis1 06pOOKU
(PEMTOCEKYHIHMMU JIa3€PHUMMU iMITyJIbCaMU. Y pe3yJbTaTi 6yJ10 OTpPUMaHO HalKpallly BiiCTaHb MiX iMIlysibcamu 1,4
MKM, L0 Bifmnosigae 64 % nepekpuTTa MiX iMIyJIbCaMy IIPY HaKKpallliil TPUBAJIOCTI iMITysbCy. Halikpaiomo
TpuBasicTio iMiysbcy € 190 ¢c. 3 HoBol KOHOIrypalieo jJa3epHoi CUCTEMU IeMOHCTPYETHCSI BUCOKA MIBUIKICTh
JIa3epHOro 6araTOCKaHOBOTO Pi3aHHS: 516 MM /C 3 HU3bKOIO HIOPCTKICTIO 6i4HOi cTiHkM 0,96 MKM. JlogaTKoBO 6yJ10
3aIPONIOHOBAHO NPAKTUYHMI METOJ, OLIHKY 3MOYYBaHOi IOBEPXHI 17151 piBHAHHA Kacci, 3acHOBaHUI Ha
BUMIPIOBaHHI KyTiB 3MO4YyBaHHS TECTOBUMU PiAVHaMU 3 PI3HUM IIOBEPXHEBUM HATATOM. MeToz, I03BOJIS€ MBULKO
OIIiHIOBAaTU 34aTHICTb TEKCTYP BiJIITOBXYBaTH PilHY, [IOPIiBHIOBATH SIKiCTb TiipOPOOHUX MaTepiajliB Ta BU3HAYATU
koedinienTtu piBHgaHHS Kacci-bBakcrepa 6e3 ckiagHuX HENpsIMUX METO/IB. BiH BUKOPUCTOBYE ITPOCTE O0JIaIHAHHS,

KaibpoBaHi pifyuHy Ta MigXOOUTH [JIs1 OLiHKY 3MiH IIOBEPXHEBOi eHeprii micJist 06poOKy.

Pedepar aHIJIiHCBKOIO:

The main problem to be solved in this work is to increase the efficiency and reduce the degree of defectiveness of
laser cutting and texturing of carbon fiber by using a femtosecond laser, adjusting its operating parameters, and
reasonably modifying the composition and structure of the polymer composite. In this work, femtosecond laser
pulses were used, the operating parameters of which will be optimized, as well as a number of carbon fiber
composites with a polymer matrix modified in terms of beam energy absorption and dissipation. The aim of the
work is to develop methods for improving the performance of laser cutting and texturing of carbon fiber-
reinforced plastic by adjusting the operating parameters of the femtosecond laser, the composition and structure
of the polymer composite. At this stage of execution, the distance between the pulses of the femtosecond laser
processing unit was optimized. As a result, the best pulse spacing of 1.4 um was obtained, which corresponds to 64
% overlap between pulses at the best pulse duration. The best pulse duration is 190 fs. With the new laser system
configuration, high laser multi-scan cutting speeds are demonstrated: 516 mm /s with a low sidewall roughness of
0.96 um. Additionally, a practical method for estimating the wetted surface for the Cassie equation based on
measuring the wetting angles with test liquids with different surface tensions was proposed. The method allows to
quickly evaluate the ability of textures to repel liquids, compare the quality of hydrophobic materials, and
determine the coefficients of the Cassie-Baxter equation without complex indirect methods. It uses simple
equipment, calibrated liquids, and is suitable for evaluating changes in surface energy after treatment.
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