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УДК 539.2(045) 

Bruiaka Olga, Kyiv 
FEMTOSECOND LASER MACHINING OF CUTTING TOOL OF «VOLKAR» 

 

A real possibility of obtaining nanostructures by means of laser processing in the femtosecond range of the 

«VolKar» hard alloy is studied. 

Keywords: mathematical modeling, statistical regularities, data analysis, professional orientation, 

technological parameters of a laser, femtosecond laser, «VolKar» hard alloy, cutting tool, nano-structural layers. 

Теоретично досліджена можливість отримання наноструктур за допомогою лазерної обробки в 

фемтосекундном діапазоні твердого сплаву «ВолКар». 

Ключові слова: математичне моделювання, статистичні закономірності, аналіз даних, професійна 

орієнтація, технологические параметры лазера, фемтосекундный лазер, твердый сплав «ВолКар», 

режущий инструмент, нано-структурные слои. 

Though analyzed at work [1] machining of new hard alloy «Volkar» possibility, there is no results on using of 

them in manufacture or experiments. Obviously to expect of considerable boost of effectiveness and efficiency of 

work of hard alloys at the expense of «Volkar» using is impossible, even if «Volkar» is used making from powder 

of nanosize (100 нм). The possibility of manufacturing that hard alloy by femtosecond laser ray to getting 

nanostructure coating with small-scale grain (about 10 nm), can drastically Improve the characteristics of that alloy 

and provide high effectiveness and efficiency of work. 

All this indicates the relevance and timeliness of theoretical researches on the possible formation of the NS on 

the hard alloy «Volkar» when femtosecond laser machining. 

Theoretical researches were carried out on the basis of the solution of the joint problem of thermal conductivity 

and thermoelasticity, which made it possible to obtain temperature fields, temperature stresses, To estimate the rate 

of temperature growth and, in the future, taking into account the criteria for the formation of the NS, to find the 

volumes of grain and, by limiting the grain size to 100 nm, to estimate the zones of technological parameters of the 

laser, Under which there is a probability of obtaining NS, because the adequacy of [2] of this model was checked 

earlier, the results of calculations will be reliable. 

In the case of acting a femtosecond laser for technological regimes with a heat flux density q = 10
12 

–10
16

 W/m
2
 

and the time of its action t = 10
-16 

–10
-10 

sec. calculations were carried out of the maximum temperatures, the rates of 

temperature growth and temperature stresses at various depths, the results of which are presented at Pictures 1–3. 

Temperature stresses can accelerate the process of formation of the NS, or even directly participate in their 

formation when their critical value exceeds 10
10

 Pa, therefore,  were made calculations of the temperature stresses in 

the range of the given technological parameters were carried out, the results, which are presented in Fig. 3. 

The grain size determines the possibility of realization nanostructures in the material, and the technological 

parameters that provide them are an important result of the research. In addition, the depth of occurrence of this 

grain is also important for constructing the surface of parts from nanostructures. Therefore, was made the research 

of the dependence of the nanocluster volume on the minimum and maximum depth of occurrence of the NS (the 

dashed line indicated the volume corresponding to the NS emergence boundary). Such dependences are presented 

for the radius of the LR spot on the detail R = 10
-6 

 m (fig. 4). 

The conducted researches showed the real possibility of obtaining nanostructures with the help of laser 

processing in the femtosecond range of the hard alloy «VolKar» moreover we can choose, with the expert review 

assessment, the pre-technological parameters and laser settings (spot size) in order to obtain nanostructures at a 

certain depth, and by changing the technological parameters to fill completely with nanostructures a rather 

significant surface layer of the part (about 10
-5

 m). All of it will significantly improve the efficiency and 

effectiveness of the cutting tool from the «VolKar» hard alloy. 
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Fig.1. Dependence of the maximum temperature in the zone of action of laser radiation on the material «VolKar» from the 

density of the heat flux at different depths with the action time t = 10
-10

 s. 

 
Fig. 2. Dependence of the rate of change of temperature in the zone of action of laser radiation on the material «VolKar» 

from the density of the heat flux at different depths with the action  time t = 10
-10

 s. 

 

 
 

 
Fig. 3. Dependence of temperature stresses in the zone of action of laser radiation on the material «VolKar» from  the density of 

heat flow at different depths with the action time t = 10
-10

 s. 
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Fig. 4. Dependence of the nanocluster volume R=10

-6
 m from the minimum a depth under the laser radiation acting with 

different heat flux density q («VolKar» material). 
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