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The durability of the cutting tool significantly affects the productivity of metalworking. In-
creasing the durability of the cutting tool is the main task of lubricating and cooling techno-
logical means. Along with reducing the negative impact of lubricating and cooling liquids, the
technology of minimum lubrication has become widespread. The disadvantage of this technol-
ogy is the low cooling capacity of the working area. To solve this problem, this study proposes
the combined effect of lubricating and cooling media supplied by the MQL together with ion-
ized air. Ionized air acts as a dry lubricant, accelerating the formation of oxide films on rubbing
surfaces. The temperature of the supplied air is reduced without additional equipment, which
improves the quality of cooling without additional costs.
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INTRODUCTION

Metalworking is one of the most common methods of
obtaining a finished product, and plays a leading role in me-
chanical engineering. An integral part of a metal working
operation are cutting tools, which have various design and
geometric parameters. The quality of the parts obtained and
the cost of their manufacture directly depend on the choice
of tool material, geometry, and tool productivity methods [1].

The most common method of increasing productivi-
ty and quality of processing is the use of lubricating and
cooling process media (LCPM) of various compositions,
which have cooling, lubricating, cutting and plasticizing,
cleaning, protective and strengthening properties [2-5].
Mineral oils and LCPM based on them are widely used in
machine-building enterprises, however, the profitability of
using such oils is significantly reduced due to the increase
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in auxiliary costs associated with transportation, storage,
regeneration and disposal, in turn, widely used industri-
al oils and emulsions based on them negatively affect the
health of production personnel, and are also one of the
main pollutants of the environment [5-7].

Taking into account all of the above, in the world prac-
tice of metalworking, ways have been determined to reduce
the negative impact of the applied cutting fluids, such as: a
complete rejection of them and a transition to "dry” cutting,
processing with a metered supply of a minimum amount of
the process medium, and the creation of new, environmen-
tally friendly compositions [6]. Today, a complete rejection
of the use of cutting fluids is not possible. The metered
supply of the process medium is not suitable for all pro-
cess operations and does not completely resolve the issue
of environmental safety. Therefore, the third option is more
rational. Western manufacturers Blaser Swisslube (Switzer-
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Figure 1. Experimental stand.

land) and Houghton (USA) have extensive experience and
proven technologies for creating such compositions. These
companies are engaged in the development and production
of compositions that do not contain chlorine and sulfur
compounds, while the tribological properties are preserved,
and in some cases they increase, due to the introduction of
esters of carboxylic saturated acids that do not have aro-
matic bonds. These acids are contained in large quantities
in vegetable oils, taking this into account, it is possible to
select for a specific type of processing.

Nowadays, machine-building enterprises often use oil
coolants and emulsions based on them, the composition of
which contains antifriction, extreme pressure and anti-fog
additives, corrosion inhibitors, which in turn are organic
compounds of nitrogen, chlorine, sulfur and phosphorus.
When cutting metals, changes occur in these additives, es-
pecially during their evaporation and combustion, with the
subsequent formation of hazardous compounds (CO, SO,,
HCI and others), negatively affecting the environment and
the health of workers [7-10].

The rising prices and limited resources of petroleum
products and mineral products and their impact on envi-
ronmental pollution make it necessary to explore alterna-
tive and environmentally friendly process media for in-
dustrial purposes. In recent years, it has been shown that
the use of vegetable oils as cutting fluids has undoubtedly
improved the performance of mechanical processing due
to the adsorption and chemisorption phenomena. In fact,
these oils significantly improve the environmental perfor-
mance of the cutting process compared with mineral cut-
ting fluids [5-8].

The combined use of a metered minimum supply of
sprayed cooling lubricants using special minimum quan-
tity lubrication (MQL) devices affects the chip formation
process in the cutting zone more effectively than traditional
(flooding) supply. Using MQL technology to supply lubri-
cant with a minimum consumption of process fluid, the
lubricating effect of the medium becomes predominant,
which directly affects the contact stresses in the working
area of the tool, as well as the specific friction work, the load
on the cutting system, plastic deformation, surface quality
and wear rate of the cutting tool.

Most machining operations involve heating of tools,
workpieces, chips and the environment. Cooling of the
contact zone by the tool with the chips is relevant. In the
context of the application of MQL technology and the de-
cisive measure of this, ionized air will be used to form an
air-droplet mixture. The efficiency of cooling the processing
zone by supplying air passed through a corona discharge, in
the works [9-11]. The penetrating effect of ionized agents
is higher due to the directed movement of ions under the
influence of electromagnetic fields as a result of exposure.
Formed when an air flow occurs through a corona dis-
charge, is a very popular method of joining and a strong
oxidative transition to the formation of oxide films on the
surface of the cutting tool, which, in turn, prevent wear.

Theory

During laboratory studies on measuring the content of
ionized air in combination with oils (rapeseed and mineral
I-20) on a SAMAT 400M screw-cutting lathe, increased ac-
curacy was achieved, and an Altivar 71 frequency converter
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was installed on the machine, allowing for a constant periph-
eral measurement speed. The general appearance of the stand
for conducting experimental studies is shown in Figure 1.

The research was conducted on the following materi-
als: steel 45 and stainless steel grade 12X18N10T. Multi-
faceted replaceable cutting plates ISO SPUN120308 made
of high-speed steel grade HSSCo5 were used as the cutting
tool (Fig. 2).

The supply of the cooling liquid was carried out in the
form of an aerosol (containing a lubricant and ionized air)
using a special dosing device. The general appearance of the
device is shown in Figure 3.

The experiments were carried out at a constant cutting
depth of t = 0.5 mm and feed rate S = 0.2 mm/rev. The
cutting speed was V=55 m/min when processing 45 steel,
and V=27 m/min for AISI321 stainless steel. The wear val-
ues were measured on the rear surface using an VIMIIJI
150x75(2)b instrumental measuring microscope. The wear
criterion for the cutting plate was h = 0.35 mm in the nor-
mal wear zone on the rear surface of the tool (Fig. 4).

Air ionization was carried out using the
“OxorexHonorns-1" electrostatic cooling unit (Fig. 5). Air
ionization was carried out using the “Ecotechnology-1”
electrostatic cooling unit (Fig. 5).
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Figure 4. Wear measurement.

RESULTS AND DISCUSSION

The use of LCPM from the standpoint of reducing
tool wear is primarily associated with a reduction in fric-
tion and temperature, which tend to preserve the origi-
nal properties of the tool material and the conditions of
contact interaction. Figures 6 and 7 show graphs of the
effect of ionized air in combination with oil cooling lu-
bricants on the durability of the cutting tool, from which
it follows that ionized air in combination with vegetable
(rapeseed) oil significantly exceeds the results of dry cut-
ting and cutting in an ionized air environment in terms
of durability.

The obtained experimental data can be explained
by the fact that ionized gases and ionized-oil mixtures
significantly affect the contact interaction, reducing the
occurrence of adhesive phenomena and the friction co-
efficient, which is due to a 1.5-2.0-fold decrease in the
volume of inhibited layers and build-ups, as well as the
length of contact of the cutting tool with the chips, com-
pared to the action of mineral-based cooling fluids. It

was found that electrostatic air cooling promotes the for-
mation of oxide and nitride films on the contact surface
of the cutting tool, while reducing the contact area of the
coming chips along the front surface. When using a com-
bined method of feeding the cooling fluid to the cutting
zone, a significant increase in the durability of the cutting
tool is observed compared to dry cutting (Fig. 6, 7).

The obtained experimental data show the presence of
rather complex parallel physical and chemical processes
both in the external environment itself and in the con-
tact zone of the tool with the chips. Modified oil cooling
lubricants with ionized gas create condensation centers
and contribute to an increase in the entropy of the pro-
cess. From which it follows that the ionized air-oil flow
contributes to an increase in the durability of the cutting
tool made of high-speed steel.

In further research, it is planned to evaluate the com-
bined influence of process fluids and activated gases
when processing difficult-to-cut materials and for vari-
ous technological operations.
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Figure 6. Wear of the cutter when turning C45 steel in var-
ious environments.

CONCLUSION

Based on experimental data, it has been established that
the mechanism of action of the ionized air-oil mixture on
the cutting process consists in changing the friction condi-
tions in the contact zone of the tool and the workpiece. It has
been shown that the process of air ionization in combination
with the technology of minimum lubrication MQL, create
the necessary conditions for increasing the durability and,
accordingly, reducing the wear of the cutting tool, facilitating
the process of plastic deformation during the cutting process.

Figure 7. Wear of the cutter when turning AISI321 steel in
various environments.

Considering that the turning process takes place with
the release of a large amount of heat, the influence of clean
ionized air increases durability by up to 15% due to the for-
mation of passivating films on the surfaces of the cutting
tool. The formation of these films also reduces adhesive
wear of the cutting tool.

With the combined influence of ionized air and process
fluids, an increase in the durability of cutting tools is ob-
served up to 27% when processing structural steel and up
to 43% when cutting stainless steel.
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