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Abstract. The article deals with the issues of improving the productivity 
and quality of drilling holes. The results of systematization and introduced 
into production methods of drilling with changing cutting modes during 
insertion and entry of the drill, grinding of descending chips and removal of 
it and the cutting zone are developed, tool materials, coolant compositions 
are promising, cutting modes are optimal, a mathematical model of the 
influence of modes and methods of drilling on hole accuracy and quality. An 
algorithm of the proposed drilling methods for machine tools with program 
control has been compiled. Keywords: holes, chip breaking, chip removal, 
drilling, quality, accuracy, durability, drilling methods, cutting conditions, 
tool materials, coolant compositions. 

1 Introduction

Finding ways to increase productivity and improve quality in drilling, as well as the 
development of specific scientifically based recommendations for the use of the results 
obtained in industry, is an important task today. 

In the Republic and foreign countries, a lot of work has been done to intensify the 
machining processes during drilling by creating and introducing new brands of tool materials, 
coolant compositions and methods for sharpening drills [1], establishing optimal cutting 
conditions and operating conditions, as well as optimal geometric parameters of the cutting 
tool [2 ]. 

Research is being carried out to determine the relationship between processing conditions 
and the quality of the treated surface [3]. Identification of force dependencies necessary for 
the rational choice of metal-cutting equipment and tools [4]. 

Certain results were obtained by studying the possibility of a theoretically justified, 
purposeful approach to the selection of additives to improve the efficiency of the coolant and 
identifying the mechanism of action of additives on the technological parameters of the 
cutting process. [3]. 

2 Research method

Titanium alloy VT-22 was chosen as the material to be processed for the main experiments, 
which, in terms of its physical and mechanical characteristics, is a typical representative of 
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titanium alloys with (𝛼𝛼 + 𝛽𝛽) structure most widely used in various industries. Control and 
comparative tests were carried out on titanium alloy 𝑂𝑂𝑇𝑇 − 4 − 𝐼𝐼, Kh18N10T, KhN77T10R. 

The studies were carried out with drills with a diameter of 15 mm and a length of the 
working part equal to 10D. 

In order to maximize the exclusion of the impact on the tool life of other factors, except 
for the studied ones, drills were made from one rod up to 30 pieces. After controlling the 
tools in terms of dimensions, geometric parameters of the cutting part, hardness and other 
parameters of the technical conditions, preliminary resistance tests of all drills were carried 
out under unchanged conditions. For final studies, 4-5 drills were selected from each grade 
of high-speed steel (with subsequent regrinding and repeated control), in which the wear 
fluctuation along the back surface at the corner was within 15% when processing the same 
number of holes. When testing coolant and sharpening methods, more than half of the 
experiments were carried out with the same tools that were already used when testing the 
reference coolant and sharpening method [5-20]. 

Sharpening of drills was carried out on a universal grinding machine mod. ZA64M on 
two planes in circles of the ABC shape on the use of drip cooling with a water-soda solution. 

The main experimental part was performed on a machine with program control 6HI3f3-
I. 

Experiments on the study of force dependencies were carried out on a radial drilling 
machine mod 2A55. The study of the nature of the wear of drills made of high-speed steels 
showed that the criterion for flooding the drill should be such wear of the angle at which the 
wear has not yet passed to the drill bit. This corresponded to a wear value of 0,5 mm. 

Finding the optimal geometrical parameters of the drills was carried out when drilling 
workpieces with a drill with a diameter of 15 mm from high-speed steel P9K5 to a depth of 
3D using MP-2 coolant. 

The influence of geometric parameters on durability was studied in the following ranges 
of their change: 

angle at the top 2𝜑𝜑 = 1200 ÷ 1400; 
rear angle 𝛼𝛼 = 80 ÷ 200; 
helix angle 𝜔𝜔 = 260 ÷ 380. 
Optimization of the geometrical parameters of the drills was carried out by the method 

of steep ascent along the response surface. Using the full Factorial experiment of the form 
23, a mathematical model was obtained for the dependence of the resistance of drills on 
geometric parameters 

𝑇𝑇 = 64,14 + 3,5(2𝜑𝜑) + 6,8𝛼𝛼 + 1,75𝜔𝜔 
Further, according to the obtained model, a steep ascent was made. The processing of 

the experimental results showed that the optimal geometry of drills for drilling titanium 
alloys should be considered: 

𝛼𝛼 = 180, 2𝜑𝜑 = 1380, 𝜔𝜔 = 290 
Determining the optimal cutting conditions for metals on machine tools with program 

control is a difficult, but important and necessary task. 
Usually, the optimization of modes is carried out only in terms of cutting speed, i, e, with 

the selected maximum allowable feed rate, the value of the rotation frequency corresponding 
to T0 is determined, however, the optimal tool life T0 can be obtained with various 
combinations of n and S, but the most optimal, on In our opinion, one should consider such 
a combination in which their product will be maximum. In order to find the conditions for 
ensuring the greatest possible output with the appropriate criterion for the optimal 
performance of each technological operation, a simultaneous study of the function of cutting 
modes - cost (C) and productivity (N) was carried out. Simultaneous optimization for n and 
S is possible only when both variables are included in the tool life formula. If the dependence 
of tool life on cutting conditions is described by an equation of the first degree, this problem 
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can be solved by the methods of Lagrange multipliers [3]. However, the dependence of tool 
life on cutting speed and feed in most cases is extreme. Therefore, the scheme for planning 
experiments should be chosen so that the mathematical model of the dependence of tool life 
T on cutting conditions is described by a second-order equation.  

The study of existing schemes for planning experiments showed that when finding 
interpolation dependencies when the task of sequential planning is not set, some non-
compositional plans can be used. With the number of factors 𝐾𝐾 = 2 (cutting speed and feed), 
the plan belonging to the class of simple summable ones is characterized by very good 
properties. For the range of cutting speed change from 3.7 to 5.9 m/min and feed from 0.07 
to 0.21 mm/rev, selected on the basis of resistance studies, according to the planning matrix 
of a non-compositional plan with the number of factors K = 2, mathematical models of the 
second order of the dependence of the resistance of drills on cutting conditions when drilling 
the alloy VT-22, Calculation of the regression coefficients of the desired model and the entire 
statistical evaluation showed the adequacy of the model. 

The dependence of the resistance of drills made of R9M4K8F2 steel on cutting 
conditions has the following form: 

𝑇𝑇 = 48,9 + 214,1𝑆𝑆 + 39,1𝑉𝑉 − 196,4𝑆𝑆 ∙ 𝑉𝑉 − 7530,6𝑆𝑆2 − 5,1𝑉𝑉2 
Similar dependencies were obtained for all investigated high-speed steels. 
In order to qualitatively streamline all possible processing modes and choose the best 

among them, it is necessary to have an optimization criterion that is functionally dependent 
on the elements of the cutting mode; this criterion must unambiguously answer the question 
of which of the considered modes is better. Based on the analysis of existing criteria for 
optimizing cutting conditions, we came to the conclusion that when machining parts on rather 
expensive CNC machines and machining centers, any value of tool life in the range 
corresponding to minimum costs and maximum productivity can be considered optimal. 
However, the higher the cost of the equipment, the closer the durability should be to that 
corresponding to maximum performance. 

Figure 1 shows the nature of the change in productivity and cost from cutting conditions 
for the above conditions. As can be seen, the maximum productivity was obtained at V=5.8 
m/min and S=0.2 mm/rev, and the minimum cost was obtained at V=5.8 m/min and S=0.16 
mm/rev. It is easy to see that n max and C min are obtained at a feed rate slightly less than 
the maximum allowable. The optimal values of 𝑉𝑉0 and 𝑆𝑆0 calculated by the above method are 
5.8 m/min and 0.19 mm/rev, respectively. Thus, the minimum cost and maximum 
productivity exists for a certain combination of cutting speed and feed. This is achieved by 
some limitation of the feed rate. 

Due to the fact that in the technical literature there are no data on force dependences 
when drilling modern titanium alloys, the influence of cutting conditions on the axial force 
and torque when drilling VT-22 and OT-4-1 alloys was studied. Mathematical dependences 
are obtained, which for the VT-22 alloy have the following form: 

𝑀𝑀𝑘𝑘𝑘𝑘 = 6.864 ∙ 𝑆𝑆0.59 ∙ 𝑉𝑉0.11;  
𝑃𝑃0 = 54700 ∙ 𝑆𝑆0.81 ∙ 𝑉𝑉0.1;  

It has been established that, when drilling titanium alloys, despite their high strength, the 
cutting forces are less or comparable to the cutting forces when drilling heat-resistant and 
stainless steels. 

The study of the influence of cutting conditions on the accuracy of hole machining was 
studied when changing the speed from 2.8 to 7.5 m/min and feed from 0.06 to 0.17 mm/rev 
when drilling alloy VT-22 and when changing the cutting speed from 7, 5 to 18.8 m / min 
and feed from 0.05 to 0.21 mm / rev - when drilling alloy OT-4-1. With an increase in the 
cutting speed during drilling of VT-22 and OT-4-1 alloys, the hole spacing increased 
continuously, which is explained by the deformation at low cutting conditions of deeper metal 
layers, which, after the end of processing, are elastically restored and reduce the hole 
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diameter and the spacing value. It should be noted that when machining titanium alloys 
(especially on the right OT-4-1), the breakdown of holes is much less than when machining 
steels and cast irons. 

 

 
Fig.1. The nature of the change in productivity and cost from cutting conditions 

One of the possible ways to increase the productivity and efficiency of the process of 
drilling titanium alloys on machine tools with program control is the use of drills from 
modern high-speed steels of increased and high productivity. Due to breakage and frequent 
cutting caused by vibrations and the intermittent nature of the feed, which is carried out on 
most rates with program control from stepper-pulse motors, drills equipped with carbide 
inserts cannot be rationally used. 

It should also be taken into account that when drilling titanium alloy VT-22, an 
instantaneous breakage of the drill occurs, caused by chip jamming, which is stronger and 
harder than the steel body of a carbide drill. 

Studies of the cutting properties of high-speed steel grades R6M5, R9K5, R9K10, 
R6M5K5, P12F5M, R9M4K8F2 and B11M7K23 when changing the cutting speed from 2.9 
to 5.9 m/min and feed from 𝑆𝑆 = 0.07 ÷ 0.26 𝑚𝑚𝑚𝑚/𝑟𝑟𝑟𝑟𝑟𝑟. Blind holes were drilled in 3D depth 
using MP-4 coolant. 

Studies have shown that the dependence of the durability of drills on cutting conditions, 
in a wide range of their variation, has an extreme form. For example, Fig. 2 shows the 
dependence of the resistance of drills made of R9M4K8F2 steel on cutting speed and feed. 

The dependence of drill life on cutting mode elements can be approximated by a well-
known power formula of the form 𝑉𝑉 = 𝐶𝐶𝑣𝑣

𝑇𝑇𝑚𝑚∙𝑆𝑆𝑣𝑣, only for a certain range of cutting mode 
changes. The values of C, m and y were determined for all investigated grades of high-speed 
steels. 

4

E3S Web of Conferences 538, 01014 (2024)	 https://doi.org/10.1051/e3sconf/202453801014
IPFA 2024

RETRACTED



 
Fig.2. Dependence of the resistance of drills made of R9M4K8F2 steel on cutting speed and feed 
when drilling VT-22 alloys 

Analysis of the results of drilling alloy OT-4-1 at V=18.8 m/min and S-0.2 mm/rev 
showed that the durability of drills made of high speed steels P910, P6M5K5, P9M4K8F2 
and V11M7K23 increases by 2.1, respectively; 3.5; 4.0 and 5.0 times compared with R6M5 
steel. 

Since, when optimizing cutting conditions, it was found that the maximum product of V 
and S, with a constant tool life, is achieved by some limitation of the feed and, accordingly, 
an increased cutting speed, the study of the cutting properties of the tool was carried out at a 
constant minute feed. From Fig. 3, it can be seen that at constant productivity (minute feed), 
tool life is longer when working with a feed that is slightly less than the maximum allowable. 

The same results were obtained when working with all cutting materials. This suggests 
that on machines with a control program that allow step less regulation of cutting conditions, 
it is advisable to work with a slightly reduced feed and, accordingly, an increased cutting 
speed. 

A big obstacle to the introduction of the progressive tool materials discussed above is 
their poor grind ability with conventional abrasive material. 

In order to determine the best method for sharpening drills, comparative tests were carried 
out on drills made of R9M4K8F2 steel, sharpened with wheels made of silicon carbide, 
electrocorundum, diamond and elbor. Studies have shown that drills sharpened and finished 
with CBN circles have the highest wear resistance. The use of CBN wheels (BM4OB1 -100-
4.5) increases the durability of drills compared to silicon carbide wheels (K3-8-40 SM1-7K); 
electrocorundum (Z9-20 CM1-7K) and diamond (ASP10-MB1-150-37.0) by 23.15 and 3%, 
respectively. Thus, when sharpening and finishing drills on high-speed steel, intended for 
processing titanium alloys, it is rational to use CBN wheels. Tests for the influence of coolant, 
cutting tool material and sharpening method are usually carried out separately. Until now, 
there is no information in the technical literature about studies of the mutual influence 
between these factors, although many studies emphasize that the effectiveness of the coolant 
is determined by the properties of the lubricant itself, the material being processed and the 
tool material. 
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In order to find out the presence of mutual influence, testing of cutting fluids was carried 
out with a simultaneous study of tool materials and methods for sharpening drills. For this, 
methods of planning experiments with qualitative factors were used, which can be used only 
in the absence of mutual influence between the studied factors. If in reality the mutual 
influence is insignificant, then the residual variance will not differ significantly from the 
variance due to the experimental error, which is checked by the F-criterion. The presence of 
mutual influence should be evidenced by a significant discrepancy between these values of 
dispersions. 

Drilling titanium alloy VT-22 was carried out at a cutting speed V=5.9 m/min and feed 
S=0.17 mm/rev. The interaction between 10 grades (compositions) of CL 7 grades of 
material of the cutting part and 4 methods of sharpening drills was studied. When planning 
the experiment, a 4 x 4 Latin square was used, shown in Table.1. 

Table 1. 4x4 latin square 

A 
B 

B1 B2 B3 B4 

A1 C1 C2 C3 C4 

A2 C2 C3 C4 C1 

A3 C3 C4 C1 C2 

A4 C4 C1 C2 C3 

 
The rows of the square (A) indicate the brand of coolant, the column (B) - the grade of 

the material of the cutting part of the drill, the elements of the Latin square (C) - the method 
of sharpening drills. The choice of a 4x4 square was due to the fact that the number of levels 
of factor C is limited by four sharpening methods. 

The mutual influence of commercial domestic (NGL-205, sulfofrezol) P3-SOZH-8, 
Akvol-2, MP-1, MP-2, MP-3, MP-4, as well as a number of foreign products (Bortan -51, 
Cimperial - 10 ), with high-speed steel grades R6M5, R9K5, R9K10, P12F5M, R6M5K5, 
R9M4K8F2 and B11M7K23 and sharpening methods with circles of green silicon carbide, 
electrocorundum, diamond and elbor. 

After testing each of factors A, B, and C at four levels (a1-a4, b1-b4, and c1-c4), the 
remaining 7 levels of factor A and 3 levels of factor B were tested by administering instead 
of the tested levels of the square. oil-based fluids were 4 levels ( a1 , a2 , a3 and a4 ) of factor 
A, e water-based fluids were new 4 levels (a1-1 , a1-2 , a1-3 and a1-4 ) of this factor. The 
remaining 2 levels a*1, a*4 and oil-based coolant were tested sequentially by introducing 
instead of the already investigated two levels a1 and a4. 

The other 3-levels of factor B were treated similarly; instead of the studied 4th level b4 
of this factor, new levels b*4 , b**4 and b*** 4 were alternately introduced and tested 
together with all levels of factor A. 

The following designations have been adopted: 
 Factor A  

а1-МР-2; а1*-МР-2; а1−1-С imperial-10; 
а2-МР-3; а4*Dort-5; а1−2- Aquol -2; 
а3-МР-4;  а1−3-NGL-205; 
а4- Sulfofresol.  а1−4-РZ-CL-8;54 

 

 Factor B   
𝑏𝑏1-Р6М5К6; 𝑏𝑏3-Р9М4К8Ф2; 𝑏𝑏4**-

Р6М5К6; 
𝑏𝑏4-

ВIIМ7К23; 
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𝑏𝑏2-Р12Ф5М; 𝑏𝑏4*-Р6М5К6; 𝑏𝑏4***-Р6М5;  
 

 Factor C  
с1- diamond (АСПIО-МВI-

150-37,0); 
 𝑐𝑐3- electrocorundum (39-

20сМI-7К); 
𝑐𝑐2- elbor (BМ40БI-I00-4,5);  с4- silicon sarbide (К3-8-

40СМI-7К). 
Statistical processing and analysis of variance were carried out separately for all newly 

formed squares, which made it possible to check the significance of the interaction of all 
levels of factors A, B and C with each other. 

The table. 2 shows the results of the analysis of variance of one of the squares obtained. 
As can be seen, the residual variance is less than the variance due to the experimental error, 
which indicates the insignificance of the interaction effects.  

Table 2. Dispersion analysis of the Latin square 

Source of dispersion Number of 
degrees of 
freedom 

Sum of 
squares 

Medium 
square 

Fisher 
criterion 

String (coolant) 
Stand (material of the 
cutting part of the drill) 
Elements of the Latin 
square (method of 
sharpening drills) 
Residue (mistake) 
Inside the cell 

3 
3 
 
3 
 
 
6 
17 

3375,4 
3263,5 
455,8 
 
 
 
84,0 
376,9 

1125,1 
1087,8 
151,9 
 
 
 
14,0 
11,8 

95,5 
92,4 
12,90 
 
 
 
1,20 
 

Total 31 
 
Analysis of variance conducted for all educated Latin also showed statistical 

insignificance of interaction effects. 
Thus, the applied method of planning experiments on Latin squares made it possible to 

conclude that the mutual influence of the cutting material, coolant and the point method on 
the drill life for the above conditions is statistically insignificant. 

Due to the lack of information on systematic studies of the effect of coolant on the process 
of drilling titanium alloys, recommendations for their choice are contradictory in most cases. 
In this work, coolants different in their physicochemical properties and component 
composition are studied: sulfofresol and MP-3 - "active" sulfur-containing oil coolants; MP-
1 and MP-2 - "active" sulfur, - chlorine-containing MP-4 and Dortan -51 - "inactive" highly 
chlorinated oil coolants; R3-SOZH 8 and Akvol-2 - emulsols activated with additives (the 
first with iodine additives, the second with sulfur and chlorine), NGL-205 and Сimperial -
10- emulsions without activating additives; oleic acid is a liquid with surface-active 
components). 

For the titanium alloy OT-4-I, the studied coolants can be arranged in the following order 
as their efficiency decreases: highly chlorinated oil coolants (MP-4), sulfur-, chlorine-
containing oils (MP-I, MP-2), sulphurized oils (sulfofresol ), and, finally, emulsols 
(Cimperial-10, Akvol-2, NGL-205). For titanium alloy VT-22 (Fig. 4): highly chlorinated oil 
coolants (MP-4, Borton -51), sulfur, chlorine-containing oils (MP-I, MP-2), emulsols 
(Cimperial-10, RZ-SOZH- 8), coolant with surfactants (oleic acid), sulfur-containing oil 
coolants (sulfofresol, MP-Z) emulsols (Akvol-2, NGL-205) and oils without additives (AU 
spindle oil). 

The low efficiency of water-based coolant when drilling alloy OT-4-I can be explained 
by the physical and mechanical properties of this alloy, which is prone to elastic aftereffect. 
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Our study confirmed that the breakdown of holes in the OT-4-I alloy is less than in the VT-
22 alloy. Obviously, a slight breakdown of the hole in the titanium alloy OT-4-I. It will lead 
to an increase in the contact of the drill bits with the machined hole surface. The use of water-
based coolant contributes to an increase in the coefficient of friction and sticking of the 
processed material to the tool, which causes intense vibrations, which sharply reduce the 
durability of the drills. 

 

 
Fig.3. Effect of coolant on tool life 

When using oil-based coolant, the drilling process proceeded smoothly without vibrations 
and squeaks. The effectiveness of these coolants is already determined by their 
physicochemical properties. As can be seen, the most effective in the processing of titanium 
alloys by cutting are oil coolants with additives of chlorine and simultaneously chlorine and 
sulfur. The mechanism of action of chlorine-containing compounds during cutting is the 
formation of films of chlorides or complex organochlorine salts of the metal on the metal. In 
the process of cutting, chlorine actively interacts with the metal of the tool and the material 
being processed. At temperatures typical for cutting titanium alloys, titanium chlorides can 
form on the surface of the material being processed, having the composition: TiCl, TiCl_2, 
TiCl_3 and TiCl_4. Iron chlorides, FeCl_3, as well as a certain amount of chlorides of 
alloying elements are formed on a high-speed steel tool. Titanium and iron chlorides, as well 
as chlorides of alloying elements of high speed steel, obviously prevent the setting of surfaces 
due to the ease of destruction of iron and titanium chlorides, which have reduced strength. 

The lower efficiency of sulfur-chlorine-containing coolants (MP-I, MP-2), compared to 
chlorine-containing coolants, can obviously be explained by a very low concentration of 
chlorine additives. This can be easily seen from the effectiveness of coolants containing 
sulfur and chlorine additives. In order of increasing efficiency, they can be arranged as 
follows; MP-3 (1.4% S). Sulfofrezol (1.8% S). MP-35 (4.6% S+1.1% CL), MP-2 (0.7% 
S+0.44% CL) and MP-1 (2% S+2.25% CL) . It is easy to see (Fig. 4) that with increasing 
sulfur content (without chlorine additives) efficiency. Coolant does not change This can be 
explained by the fact that sulfur additives create titanium and iron sulfides, which exceed the 
hardness of the cutting and machined material. The decrease in the plasticity and strength of 
the metal in the surface layers enriched in sulfides leads to abrasive destruction of the cutting 
edges, which is the reason for the low efficiency of sulfur-containing additives. The 
additional introduction of even a small amount of chlorine additives (MP-2 and MP-1) 
increases the efficiency of the coolant. 

Highly chlorinated liquid MP-4 was chosen as the basis for further studies to improve the 
efficiency of coolant, which showed the best result in resistance tests. 

The analysis showed that additives containing sulfur, phosphorus and chlorine at the same 
time should have very good extreme pressure and antiwear properties. In this regard, the 
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possibility of increasing the efficiency of highly chlorinated coolant MP-4 by adding sulfur 
and phosphorus additives in various concentrations and activities was studied. 

Tests have shown that phosphorus additives added to MP-4 coolant somewhat reduce its 
effectiveness, which is explained by the formation of persistent protective films of 
phosphorus compounds on metal surfaces, which reduce the activity of other components, in 
this case, chlorine. At high cutting temperatures, the most active decomposition product, 
phosphine, reacts with the metal first, and only then chlorine. 

Fallen organic compounds (active and inactive types) added to MP-4 coolant also do not 
give the expected effect. This, in our opinion, can be explained by their low reactivity. The 
temperature of decomposition of such compounds is about 350°, therefore, at elevated cutting 
temperatures inherent in the process of cutting titanium alloys, fat additives lose their 
properties and cannot react with the metal. 

Active sulfur additives turned out to be the most effective. This can be explained by the 
fact that the formation of titanium and iron chlorides is accelerated in the presence of active 
sulfur. Chlorine-containing compounds react with iron and titanium sulfides more easily than 
directly with iron and titanium. 

Further studies were carried out to determine the optimal concentration of active sulfur 
additives required for introduction into the MP-4 coolant in order to obtain the greatest 
efficiency. The optimal composition of the coolant was chosen taking into account viscosity, 
cost and sanitary and hygienic characteristics. 

Tests have shown that the new improved composition of coolant MP-4 (MP-4/2) 
increases the durability of drills when machining alloy VT-22 compared to sulfofresol up to 
three times, and compared to coolant MP-4-1.8 times. 

Production tests of the MP-4/2 coolant when machining titanium alloys of other grades 
confirmed its high efficiency. 

It is believed that as the cutting speed increases, the efficiency of the coolant decreases. 
Research has shown that this is not always true.  

Coolants MR-1, MR-4, MR-4/2 and RZ-SOZH-3 were tested when drilling alloy VT-22 
and coolants MR-I, MR-3, MR-4 and MR-4/2 when drilling alloy OT -4-I. These coolants 
were compared with sulfofresol. 

It has been established that the efficiency of coolant with increasing cutting speed varies 
ambiguously. If at low cutting speeds (V = 2.3:2.9 m/min) the efficiency of coolant MP-4 
and MP-4/2 is at the level or even slightly lower than coolant MP-I and sulfofresol, then with 
an increase in cutting speed their efficiency increases significantly. 

Obviously, higher cutting speeds are characterized by such cutting temperatures at which 
the reaction of formation of titanium chlorides proceeds most favorably. Titanium chlorides 
at these temperatures are most favorably formed through sulfides, which shows a significant 
increase in tool life when using MP-4/2 coolant. 

A slightly different picture when using a water-based coolant (P3-SOZH8). At low 
cutting speeds, when the lubricating action of the coolant is necessary, the efficiency of P3-
SOZH8 is somewhat less than all oil coolants, including sulfofresol. As the cutting speed 
increases, the cooling capacity of the fluid is also an important factor, which increases the 
effectiveness of the water-based coolant. This explains some increase in the efficiency of P3-
SOZH8 coolant at higher cutting speeds compared to sulfofresol. 

When drilling alloy OT-4-I, the nature of the coolant efficiency is similar. However, it 
should be noted here that due to the small breakdown of the hole and the formation of 
corrugated chips, which impairs the access of coolant to the cutting zone, the viscosity of the 
coolant also plays an important role. This can explain the low-viscosity cutting fluids MP-3 
and MP-1-I, which are close in efficiency to the MP-4 coolant in the entire range of cutting 
speed changes. The effect of coolants is the higher, the more actively they interact with newly 
formed metal surfaces. 

9

E3S Web of Conferences 538, 01014 (2024)	 https://doi.org/10.1051/e3sconf/202453801014
IPFA 2024

RETRACTED



A slight increase in the durability of drills with an increase in cutting speed when drilling 
OT-4-1 alloy can be explained by the fact that with an increase in temperature in the cutting 
zone, the material being processed sharply loses its mechanical properties compared to the 
tool material. 

Research has shown that coolant MR-4 and MR_4/2 provide a reduction in Mcr and Po, 
compared with sulfur-containing and water coolants in a wide range of cutting speeds. This 
confirms the assumption that liquids with additives of chlorine and chlorine with active sulfur 
intensively form titanium chlorides, which have a layered molecular structure with reduced 
shear resistance. 

A comparative study of the influence of the method of coolant supply on the value of Mcr 
and Po at constant V and S showed that the order of the liquids in terms of the efficiency of 
reducing cutting forces almost does not change. 

However, it should be noted that with an internal pressure coolant supply to the cutting 
zone, Mcr and P0 increase on average by 8 and 12%, respectively, compared with irrigation 
cooling. 

In order to determine the effect on the dimensions of the machined hole, coolants MP - I, 
MP-2, MP-3, MP-4, MP-4/2, NGL-205, RZ - CO38, Akvol-2, Cimperial-I0 and sulfofresol 
were studied when drilling holes in alloy VT-22 with V - 5.9 m / min and S = 0.17 mm / rev 
and in Alloy OT-4-I with V = I8, 8 m / min and S = 0.2 mm / rev. 

Studies have shown that oil coolants do not significantly differ in their effect on 
breakdown, although it can be stated that more viscous coolants (MP-2, sulfofresol and MP-
4/2) stabilize the drilling process and help reduce breakdown. 

Differences between aqueous coolants (VT-22 alloy) are also statistically insignificant, 
although here, too, the more viscous liquid NGL-205 contributes to some stabilization of the 
breakdown. 

The study of the influence of the composition of the coolant on the shape of the formed 
chips showed that additives that create extreme pressure lubricating films contribute to the 
production of short curled chips that are easily removed from the flutes of the drills. 

When using a liquid both with phosphorus and sulfur additives (active and inactive types), 
and without them, scuffs and build-ups are formed, which leads to intensive tool wear. When 
using chlorinated and chlorinated compounds additionally activated with sulfur, the cutting 
process occurs without chips sticking to the tool. At the same time, there are much fewer 
seizures and seizures or they are completely absent. 

Thus, the study of the nature of the interaction between the contact surfaces of the tool 
and chips confirmed that the effectiveness of chlorinated and chlorinated liquids additionally 
activated with sulfur is explained by the presence of lubricating films of titanium chlorides 
due to the ease of destruction of which, due to reduced strength, welding of the contacting 
surfaces is prevented. 

As noted above, drilling in metals is the most difficult task due to the processing 
conditions that cause different requirements for cutting conditions and cutting tools. The 
introduction of new methods for machining holes, the rational choice of cutting tools and 
cutting modes contribute to achieving the required quality of holes, minimizing their cost and 
increasing the accuracy of holes. 

3 Main conclusions

1. It is shown that when choosing cutting modes for machine tools with program control, it 
is advisable to use the range of the optimal area, the extreme points of which are the modes 
of maximum productivity and modes of minimum cost. The more expensive the machine, the 
closer the selected modes should be to the modes of maximum productivity. 
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2. It has been established that a certain combination of cutting speed and feed corresponds 
to the minimum cost and maximum productivity. This is achieved by applying a slightly 
lower maximum allowable. 

3. Using the methods of planning experiments with qualitative factors, it was found that 
the mutual influence of the material of the cutting part of the drills, the method of sharpening 
and coolant on the durability of the drills for the studied conditions is insignificant. 

4. It is shown that drilling of hard-to-cut materials such as alloy VT-22 with a slightly 
lower technologically acceptable feed rate and, accordingly, an increased cutting speed 
allows increasing productivity at constant tool life or, at constant productivity, increasing tool 
life. 

5. The study of hole accuracy showed that the breakdown of holes in titanium alloys is 
much less than in parts made of other structural materials. Studies of the influence of the 
coolant composition on the breakdown of holes have shown that coolants do not differ 
significantly from each other, it can only be stated that more viscous ones stabilize the drilling 
process and contribute to some reduction in breakdown. Oil-based coolants reduce hole 
breakdown compared to water-based coolants. This is more noticeable when processing alloy 
OT-4-1. 

6. The relationship between the nature of the coolant and the technological parameters of 
the drilling process has been established. As a result of resistance tests of a large composition 
of coolant, it was found that the most effective of the existing coolants for drilling titanium 
alloys is the temple chlorinated coolant MP-4. The effectiveness of this coolant can be 
increased by introducing additives selected on the basis of studying the mechanism of their 
chemical interaction with the material being processed. 

7. It has been established that with an increase in cutting conditions, the efficiency of the 
coolant does not only decrease, as it was thought, but it can also increase as a result of the 
additives reacting with the material being machined at certain temperatures. 

8. On the basis of theoretical and experimental studies of the patterns of chip formation 
and its influence on quality indicators when drilling PCM holes, processing methods have 
been proposed that provide a significant reduction in defects, an increase in quality 
parameters, productivity and a decrease in product cost. 

9. As a result of experimental studies of the process of chip formation and chip packing, 
a method was proposed for controlling the feed at the entrance and exit of the drill from the 
cutting zone, which makes it possible to improve the quality of the hole in parts made of 
polymer composite materials. 

10. Based on the results of theoretical and experimental studies, the problem of increasing 
productivity, surface quality and hole accuracy by using the proposed drilling methods has 
been solved. The use of technology for drilling accurate and high-quality holes in composite 
materials with changes in cutting conditions depending on the position of the drill made it 
possible to increase the accuracy and quality of the holes. 
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