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A B S T R A C T  A R T I C L E   I N F O 
Ultrafast laser has an undeniable advantage in laser processing due to its ex-
tremely small pulse width and high peak energy. While the interaction of ultra-
fast laser and solid materials is an extremely non-equilibrium process in which 
the material undergoes phase transformation and even ablation in an ex-
tremely short time range. This is the coupling of the thermos elastic effect 
caused by the pressure wave and the superheated melting of the material lat-
tice. To further explore the mechanism of the action of ultrafast laser and metal 
materials, the two-temperature model coupling with molecular dynamics 
method was used to simulate the interaction of the copper and laser energy. 
Firstly, the interaction of single-pulsed laser and copper film was reproduced, 
and the calculated two-temperature curve and the visualized atomic snapshots 
were used to investigate the influence of laser parameters on the ablation re-
sult. Then, by changing the size of the atomic system, the curve of ablation 
depth as a function of laser fluence was obtained. In this paper, the interaction 
of multi-pulsed laser and copper was calculated. Two-temperature curve and 
temperature contour of copper film after the irradiation of double-pulsed and 
multi-pulsed laser were obtained. And the factors which can make a difference 
to the incubation effect were analyzed. By calculating the ablation depth under 
the action of multi-pulsed laser, the influence of the incubation effect on abla-
tion results was further explored. Finally, a more accurate numerical model of 
laser machining metal is established and verified by an ultra-short laser pro-
cessing experiment, which provides a new calculation method and theoretical 
basis for ultra-fast laser machining of air film holes in aviation turbine blades, 
and has certain practical guiding significance for laser machining. 
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P O V Z E T E K P O D A T K I   O   Č L A N K U 
Ultrahitri laser ima pri laserski obdelavi nesporno prednost zaradi izjemno 
majhne širine impulza in visoke vršne energije. Interakcija ultrahitrega laserja 
in trdnih materialov pa je izjemno neravnovesen proces, v katerem je material 
podvržen fazni spremembi in celo ablaciji. To je posledica povezave termo 
elastičnega učinka, ki ga povzroči tlačni val in taljenja mrežne strukture mate-
riala. Za nadaljnje raziskovanje mehanizma delovanja ultrahitrih laserskih 
obdelav kovinskih materialov je bil uporabljen dvotemperaturni model pove-
zan z metodo molekularne dinamike za simulacijo interakcije bakra in laser-
ske energije. Najprej je bila ustvarjena interakcija laserja z enim impulzom in 
bakrenega filma, izračunana krivulja dveh temperatur in vizualizirani atomski 
posnetki pa so bili uporabljeni za raziskovanje vpliva laserskih parametrov na 
ablacijo. Nato smo s spreminjanjem velikosti atomskega sistema dobili krivu-
ljo globine ablacije v odvisnosti od gostote moči laserja. V tem prispevku je 
bila izračunana interakcija laserja z več impulzi in bakra. Dobili smo dvotem-
peraturno krivuljo in temperaturni obris bakrenega filma po obsevanju z dvo- 
in večpulznim laserjem. Analizirani so bili dejavniki, ki lahko vplivajo na uči-
nek inkubacije. Z izračunom globine ablacije med delovanjem večpulznega 
laserja smo dodatno raziskali vpliv inkubacijskega učinka na rezultate ablaci-
je. Končno je na podlagi eksperimenta ultrakratke laserske obdelave vzpo-
stavljen in preverjen numerični model laserske obdelave kovine, ki predstav-
lja novo metodo izračuna in teoretično osnovo za ultrahitro lasersko obdelavo 
lukenj za zračenje v lopaticah letalskih turbin in ima pomemben praktični 
pomen za lasersko obdelavo. 
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