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The use of cutting fluids (CF) is regarded as one of the most efficient supplementary
methods to lower production expenses and improve the quality of machined surfaces.
In this study, the influence of CF’s flow rate on machining performance of AISI
1045 was comparatively investigated in turning operations. The experimental design
included different cutting velocities, feed rates, cutting depths and three flowing rates
(2.5,4, 6 I/min) of CF. 5% concentration of potassium dichromate (K, Cr, O7) in water
was used as a CF. The evaluation of machining performance was studied based on
thermos-electromotive force (Thermo-EMF), chip shrinkage and formation, and tool
wear characterization. The results indicated that high rates of fluid flow into cutting
zone yielded better results in terms of reducing the thermo-EMF, minimizing tool
wear and BUE, and improving chip morphology. It was then found that increasing the
fluid flow rate during cutting leads to early fracture of the chip and the segmented chip
formation. In addition, with an increase in the CF flow rate from 2.5 1/min to 6 1/min,
the thermo-EMF generated during turning of AISI 1045 with titanium alloyed carbide
tools decreased to 13%, and flange wear to 160%.
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1. Introduction

Cutting fluids (CF) play a vital role in machining operations by carrying out
essential functions such as cooling, lubricating, and chip evacuation from the cut-
ting area, thereby considerably enhancing overall machining performance. Several
types of CF are widely used in mechanical processing of machine parts, including
synthetic and semi-synthetic emulsions whose basis is water and oils [1-4]. Cool-
ing and lubricating fluids reduce friction on the machined surface and increase the
strength of the cutter. Lubricating and cooling fluids protect the workpiece and
parts from rusting, preventing the formation of spots on the treated surfaces. The
effectiveness of lubricating and cooling fluids depends on the chemical activity of
the processed materials. CFs form an oxide film between the cutting tool and the
workpiece, reducing tool wear, the formation of spots on the machined surface, and
improving heat transfer. All types of CFs differ from each other in such specific
properties as lubrication, cooling, cleaning of the cutting zone [5]. Water-based
synthetic CFs are introduced into cutting processes due to their self-cooling prop-
erties, but their disadvantage lies in poor lubricating properties. Synthetic CFs are
widely used in openwork processes, such as turning and milling [6].

To date, many scientists have conducted numerous studies on the development
of new, modern varieties of CFs, improving their properties during the cutting
process, etc. [7-9]. In particular, Ye Yang et al. [10] did research on developing
new synthetic water-based cutting fluid for machining titanium alloys in the milling
process. They studied the cutting force, tool wear, machined surface integrity
and frictional torque in CF condition. They developed a novel composition of
synthetic CF with some additives, and achieved the improvement of the tribological
properties of the CF. Yousef Shokoohi et al. [11] investigated a combined cooling
technique with adding thymus in a vegetable-based coolant. They turned an AISI
1045 steel part to study machining parameters including surface roughness and
chip formation.

The flood cooling method in traditional cutting processes still retains its
place as the most effective external cutting environment. CFs used in this method
demonstrate very good lubricating and cooling properties, which contributes to
a significant reduction in the production cost and improvement of the machining
quality [12—14]. The pouring velocity of CF delivery into the cutting zone plays
an important role in increasing its efficiency, as demonstrated by Changhe Li et
al. [15] who experimentally studied the effect of fluid flow on grinding process.
They conducted experiments under different fluid flow velocities and grinding
wheel speeds, and confirmed that increasing the fluid flow one may heighten the
efficiency. Toshiyuki Obikawa and his research team also studied the influence of
cutting fluid flow on various parameters of machining processes [16, 17]. They
mainly studied the high pressure coolant environment in machining difficult to cut
materials. They investigated the improvement of the cutting fluid’s pressure on
fluid flow positively impact on the tool flank wear, and machined surface finish.
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According to the literature review, despite the abundance of research on cutting
fluids and their efficiency in metal cutting processes, comparative studies on the
effect of CF’s pouring rate on machining zone in flood cooling environment remain
limited. The purpose of this research is to investigate the influence of the flowing
rate of coolant on different machining parameters, including thermo-electromotive
force (thermo-EMF) generated in the cutting zone, tool wear, and chip formation.
Therefore, three different flowing speeds of water based synthetic CF and three
types of different carbide tools were included in the experimental design. Details
regarding the experimental conditions, setup configuration, and analytical findings
are provided in the following sections.

2. Methods

Metal cutting, in particular, the turning process, is one of the most widely used
traditional technological methods in mechanical engineering and the manufactur-
ing industry. This is due to the fact that this process can provide high accuracy,
surface finish, efficiency, and it has advantages in manufacturing parts made of
various materials [18-20]. By in-depth study of the turning process under various
conditions of application of lubricating and cooling fluids, it is possible to reduce
energy consumption, improve surface quality, and improve the service life of the
cutting tool [21-24]. The steel AISI 1045 was selected as the research object for
the workpiece material for the experimental tests. It is characterized by a rela-
tively high strength, good wear resistance, heat treatment suitability, and moderate
welding properties. This steel is widely used in the machine-building, automotive,
instrument-making industries, and the production of heat-treatable parts [25-27].

In the turning process, one of the most common machine tools, the 1K62 lathe
having a maximum rotational speed of 2000 rpm was used. During the process of
the turning experiments “W-shape” type uncoated carbide tool inserts were used.
Experiments were conducted using three types of carbide tool materials such as
T15K6, T5SK10, and VK8 [GOST 388274, ISO 513-75] which are the analogues
of HS123, HS345, HG30 according to DIN standards (Table 1, Table 2, Table 3).
Carbide tool insert properties are given in Table 4. Cutting parameters in the

Table 1. Chemical composition of TSK10 [HS345] in %
WC, % TiC, % Cobalt, %
85 5 10

Table 2. Chemical composition of TI5SK6 [HS123] in %
WC, % TiC, % Cobalt, %
79 15 6
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Table 3. Chemical composition of VK [HG30] in %
WC, % Cobalt, % Carbon, % Iron, %
91.7 7.4-8 0.6-0.66 <0.3

Table 4. Tool insert properties

Thickness, mm 5

Inscribed circle, mm 13

Nose radius, mm

Relief angle
Rake angle 10

experiments were the following: cutting velocity 85 m/min, feed rate 0.13 mm/rev,
cutting depth 1 mm.

To conduct machining tests, experimental setup shown in Fig. 1 is installed.
In this figure, there is also shown the thermo-EMF measuring setup. Natural ther-
mocouple method of measuring thermo-EMF in the metal cutting zone with a
special digital oscilloscope is used to indicate the thermo-EMF generated in the
experimental conditions.
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g ! | Fluid nozzle | | Cutting fluid |

Workholder |

[ Gontact brush |

Fig. 1. Experimental setup

In this study, the flooding method of cooling with three different pouring
speeds in the cutting zone was used as external environment. Synthetic type of



Investigation of the effect of the cutting fluid’s flow rate on cutting parameters. . . 5

water-based cutting fluid was selected as an effective and economically beneficial
fluid in turning operations. During the initial preparation of the cutting fluid, ref-
erences from existing studies, academic literature, and manufacturer’s suggestions
were carefully reviewed. Potassium dichromate (K,Cr,O7) was used to prepare
synthetic cutting fluid. Due to its strong oxidative properties, it is employed in nu-
merous industrial and laboratory processes, notably in metal machining techniques.
5% mass concentration of potassium dichromate powder without any additives in
distilled water was prepared as the cooling fluid in the turning tests. The selected
cooling settings included a 2.5, 4, 6 1/min coolant flowing rate, a 60 mm spacing
between the nozzle and the tool-chip interface, a 5.5 mm of nozzle hole, and a 15°
spray angle of nozzle. The selection of cooling process parameters was based on a
comprehensive literature review of previous experiments in similar studies.

3. Results

The primary objective of this study was to compare the influence of the cutting
fluid flow rate on the turning process in the flood cooling method. The evalua-
tion was carried out based on key performance indicators such as thermo-EMF
generated in the cutting process, tool wear, types of chip shrinkage and forma-
tion characteristics. To ensure a robust comparison, three different flowing rates of
coolant and the related cutting modes were employed, allowing for the analysis of
cooling method performance under varying pouring conditions. In the experiments,
carbide tool inserts made of three diverse types of grades were used. In total, 9
experimental tests were conducted to support the research.

3.1. Thermo-EMF generated in cutting zone

Intense plastic deformation and high friction at the tool-chip interface generate
considerable heat during metal cutting processes. This heat is distributed unevenly
among the cutting tool, workpiece, and chip, creating steep temperature gradients.
In such thermally dynamic environments, the contact of dissimilar metals — typi-
cally the tool and the workpiece — leads to the generation of thermo-EMF due to
the Seebeck effect [28]. Thermo-EMF provides an effective means of measuring
cutting temperature without interrupting the machining process. By calibrating the
voltage readings, one can estimate the temperature at the chip-tool interface, which
is critical in analyzing tool wear and chip formation behavior. As the cutting-edge
wears, the shape of the tool-workpiece contact changes, potentially altering the
thermo-EMF. Continuous monitoring of EMF can be an early indicator of tool
degradation or failure, enabling predictive maintenance. Thus, the analysis of the
thermo-EMF in the tool-workpiece contact zone is quite essential.

The influence of the cutting fluid flow rate on thermo-EMF is shown in Fig. 2.
According to the figure, the increasing cutting fluid flow rate in the cutting zone
causes that the thermo-EMF generated in tool-workpiece contact zone decreases.



6 Umidjon MARDONOV et al.

13

12

1n

10.7

10

Thermo-EMF, mV

1.5 2.0 2.5 3.0 35 4.0 4.5 5.0 5.5 6.0 6.5
CF flowing rate, 1/min
* T5K10 + T15K6 = VK8

Fig. 2. Effect of cutting fluid flow rate on thermo-EMF

Moreover, the characteristics of the three types of carbide tools are different.
Experiments conducted using a TSK10 brand carbide tool show that thermo-EMF
reaches its maximum (11.9 mV) at the flowing rate of 2.5 I/min and starts to
decrease when the cutting fluid flow rate increases. At the maximum flow rate in
the experiment, the thermo-EMF decreased by 12% to 10.5 mV. In turning using a
T15K6 brand carbide tool, the maximum value of thermo-EMF was 10.7 mV for the
slowest flow rate, and it decreased by 13% when the flow rate reached 6 1/min. The
results obtained for turning with VK8 brand carbide tool gave a similar decrease
in EMF, however, the tool showed a much better strength. At the flowing speed of
2.5 l/min, the thermo-EMF was 9.7 mV, the lowest value compared to the other
two cases.

3.2. Chip shrinkage

Chip shrinkage (chip compression ratio) is a critical parameter that reflects
geometric transformation of the material under the shear exerted by the workpiece.
Understanding this transformation provides valuable insight into the deformation
behavior of the material under specific cutting conditions. The importance of chip
shrinkage lies in its strong correlation with cutting mechanics. Analyzing chip
shrinkage in machining is particularly important for optimizing cutting parame-
ters. To study how shrinkage varies with the cutting ratio, feed rate, tool angles
and lubricating-cooling methods, one needs to clearly understand the material re-
moval process. This knowledge helps one to improve tool wear resistance, enhance
work surface quality and reduce the cutting forces. Moreover, chip shrinkage di-
rectly affects chip morphology, which influences chip evacuation efficiency, surface
roughness, and heat dissipation. Therefore, evaluating chip shrinkage is essential for
both theoretical modeling of cutting mechanics and for practical decision-making
in process planning.
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Studying chip formation helps one to characterize material behavior during
machining, and serves as a diagnostic indicator for tool performance, process
stability and overall machinability. Fig. 3 presents a comparative illustration of
chip morphology observed in AISI 1045 steel during turning operations using
three types of tool inserts under varying CF flow speeds. The first column shows
the pictures of the chip curls and types removed using three material types of tool
inserts in the cooling condition with 2.5 I/min CF flowing rate, while the second
and the third column present the results obtained in cooling conditions with 4 and
5 /min CF flowing rates, respectively.

Fig. 3. Chip forms at 0.13 mm/rev feed, 85 m/min cutting speed; (a) CF flowing rate — 2.5 1/min,
(b) CF flowing rate — 4 1/min, (c) CF flowing rate — 6 1/min

According to the figure, it is generally clear that all nine types of chips are
different, and this diversity can be mainly connected with the cutting tool material.
The experiments conducted in the same cutting modes using three different cutting
tool materials indicate that a change in the cutting tool material causes a significant
change of the shape of the resulting chip. This phenomenon can be associated with
an increase in the temperature generated in the cutting zone and, as a consequence,
with different wear of the cutting tool. If we pay attention to the diversity of the
formed chip in different cooling media, we can see that an increase in the flow rate
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of CF into the cutting zone causes that the length of the chip decreases. In such a
case, an increase in the CF flow velocity leads to a corresponding decrease in the
temperature in the cutting zone, and as a result, the fracture of the chip accelerates.
The high-speed inflow of CF into the cutting zone accelerates heat exchange in
the zone and causes the CF to flow closer to the chip and the tool interface. In
the experiments conducted using all cutting tools in the cooling condition with
the pouring rate of 2.5 I/min (Fig. 3a;, a, a3), one can see the formation of
continuous chips. In the following experiment with increasing flow velocity, the
length and thickness of the chip decreased (Fig. 3by, by, bs). In the last experiments,
conducted at a flow rate of 6 I/min, segmented chips were formed (Fig. 3cy, ¢z, ¢3).
These results can be attributed to the deformation of the chip and the decrease in
temperature in the cutting zone.

Fig. 4 shows the values of the chip shrinkage coefficient obtained during the
turning process of steel AISI 1045 by pouring CF into the cutting zone at three
different flow rates. The results presented in this graph are obtained in experiments
using three different carbide tools. As can be seen from the results, an increase in
the rate of CF inflow into the cutting zone leads to an increase in the chip shrinkage
coeflicient, which is different for the three experimented cutting tool inserts. The
greatest increase was observed in the experiments with a carbide tool made of
T15Ke6, i.e., at a CF flow rate of 2.5 I/min, where the chip shrinkage coefficient
was 0.74, and in the experiments with a flow rate of 4 1/min and 6 I/min, where this
indicator reached 0.96 and 1.56, respectively, which means a maximum increase
by 50%. Also, in the experiments using carbide tools TSK10 and VKS, an increase
in the fluid flow rate led to an increase in the chip shrinkage coefficient. In the
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Fig. 4. Effect of cutting fluid’s flowing rate on chip shrinkage
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preliminary experiments with mechanical processing using T5K10 and VK8 in CF
with a flow rate of 2.5 I/min, the chip shrinkage coefficient was 0.91 and 0.88,
respectively, while in turning with a flow rate of 6 I/min, it was equal to 1 and
1.04, respectively. According to Fig. 4, the points obtained from the experiments
conducted on each carbide tool follow a linear relationship.

Based on these results, one can say that a lower shrinkage ratio typically
leads to a higher plastic deformation, which in turn is associated with increased
cutting forces, elevated temperatures, and accelerated tool wear. Conversely, higher
shrinkage values may suggest more favorable cutting conditions with smoother chip
flow and reduced energy consumption.

3.3. Tool wear

Tool wear has a direct influence on various quality parameters that critically
determine machinability, including tool wear resistance, energy consumption, cut-
ting forces, thermal conditions in the process of metal cutting, and roughness of the
machined surface. Therefore, comprehensive analysis of tool wear and providing
appropriate recommendations is of great importance. In this study, the effect of
three flow rates of synthetic CF on wear of three types of tool inserts was examined.
To accurately evaluate the influence of cooling conditions on the experimental out-
comes, machining parameters such as feed rate (0.13 mm/rev), depth of cut (1 mm),
cutting speed (85 m/min), and tool nose radius were maintained at constant levels
throughout the process. Microphotographs showing wear mechanisms of T5K10,
T15K6, and VKS carbide tool inserts in different cooling conditions of are given
in Figs. 5-7.

Generally, in all experiments, the tool inserts were worn mainly along the
flank surface and through the nose. Moreover, when turning was performed using
cutting tools made of TSK10 and T15K6 carbides (Figs. 5, 6), one could observe
the formation of BUE at low CF flow rates. Analyzing the wear mechanism of
the carbide tool T5K10, showed in Fig. 5, we can find that the nose wear is the
main wear type causing the cutting tool failure. In addition, with an increase in the
flow rate of CF into the cutting zone, a decrease in nose wear and the BUE was
observed. When the CF flow rate reached its maximum value in the experiment
(6 /min), no BUE was formed at the tip of the cutter, and the nose wear and the
flank wear decreased. In the experiments conducted at low flow rates (2.5 I/min and
4 1/min), friction marks, adhesion, and slight plastic deformation were observed on
the rake face of the tool insert. The traces of plastic deformation and chip abrasion
can be attributed to the high temperature at the chip-tool interface. If CF is poured
into the cutting zone at a low flow rate, it cannot prevent the increase in generated
temperature, and as a result of heat, the wear and plastic deformation of the cutter
increase.

Similarly, when conducting experiments using a cutting tool made of T15K6
carbide in 3 different cooling media, the formation of BUE at the tip of the cutting
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Fig. 5. Microscopic spectrum of tool wear mechanism. Tool material was T5SK10. CF flowing rate
in row a, b and ¢ columns were 2.5 1/min, 4 I/min, 6 1/min, respectively

Nose wear

Edge wear
Flank wear

Crater
Flank wear

Nose wear ] e
Nose wear

Fig. 6. Microscopic spectrum of tool wear mechanism. Tool material was T15K6. CF flowing rate
in row a, b and ¢ columns were 2.5 1/min, 4 I/min, 6 1/min, respectively
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tool was observed (Fig. 6). BUE was also observed in three different flow velocity
media in cutting with this tool insert. Similarly as in the previous experiment, the
volume of BUE decreased with increasing CF flow velocity. In this experiment,
the nose wear was also observed as the main wear criterion. Moreover, at low
velocities of the CF flow, significant crater wear and plastic deformations from heat
were observed on the rake surface of the tool. Flank wear of the cutting tool was
also observed at low flow rates (2.5 I/min and 4 1/min).

The wear properties of the tool insert made of VK8 carbide material, showed
in Fig. 7, indicate that the strength of this insert is higher than that of the other
ones. Even in the experiments conducted at three flow speeds of CF, it can be seen
that the tool wear was much smaller compared to the previous two tool wears. It
is assumed that the main criterion of wear on this type of carbide is chipping and
abrasive wear along the nose. At low CF flow rates (2.5 I/min, 4 1/min), fracture and
wear occurred on the cutting edge of the tool. As in previous cases, this experiment
shows that that there was slight friction of the chip at low flow velocities. The
hardness of the tool material can be assumed as the main factor causing these types
of wear. High hardness of the tool material prevents its plastic deformation. At
the same time, in the result of friction at the chip-tool interface and intensive heat
generation, the soft material of the chip adheres to the rake surface of the hard
insert. However, as the CF flow rate increases to 6 I/min, the heat in the contact

Fracture

Fracture R\ aterial -

Fig. 7. Microscopic spectrum of tool wear mechanism. Tool material was VK8. CF flowing rate
in row a, b and ¢ columns were 2.5 1/min, 4 I/min, 6 1/min, respectively
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friction zone is reduced, the high-speed fluid washes off the chip from the cutting
zone faster, which prevents the adhesion of the chip material to the rake surface of
the cutting tool.

The results of the above wear tests are presented in a line graph of tool flank
wear developed on the cutting tool at different CF flow rates (Fig. 8). As can be seen
from Fig. 8, with an increase in the flow rate of CF into the cutting zone, the wear
of the cutting tool along the flank surface decreases. Fig. 8 shows that enhanced
CF flow velocity decreases the tool flank wear in all cases of the investigated tool
grades.

0.9
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0.4 |

Tool flank wear, x0,11mm
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CF flowing rate, 1/min

* T5K10 4 T15K6 » VK8

Fig. 8. Effect of cutting fluid flow rate on tool flank wear

4. Discussions

CFs play a special role in improving the mechanical processing of metals. It is
easy to reduce cutting temperature, tool wear, increase tool life, and improve the
surface quality of the machined part by using CF in the machining process [4].
To date, this has led to the development of many methods for using CFs in me-
chanical processing, including flood cooling, MQL, NMQL and cryogenic cool-
ing [30, 31]. Each of these methods has its own area of application, advantages
and disadvantages. Flood cooling technology is one of the oldest and most tradi-
tional methods [4]. Numerous studies have been conducted on the effectiveness
of this method [32]. Mendes et al. [33] studied the performance of CFs in ma-
chining aluminum alloys. They found that the CF’s flow rate noticeably improves
the machining parameters. Fang and Obiwaka [16] studied the effect of CF’s flow
rate on tool wear using internally cooled inserts. They found that increased CF
pressure improve the tool life. Moganapriya et al. [34] studied the influence of CF
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flow rate on the machining performance of AISI 1015. However, in most of the
works carried out in this field, only the cutting tool wear and roughness of the
machined surface were taken into account. However, few works investigated the
influence of the CF flow rate on the machining performance during the machining
of high-alloyed steels.

Table 5. Obtained results of the experimental study
Clr:a?eow Thermo-EMF, mV Flank wear, x0.11 mm Chip shrinkage
I/min | T15K6 | T5K10 | VK8 | T15K6 | T5K10 | VK8 | T15K6 | TSK10 | VK8
2.5 10.7 11.9 9.7 0.8 0.4 0.2 0.74 091 | 0.88
4 9.7 10.7 9.4 0.7 0.3 0.1 0.96 096 | 093

6 9.3 10.5 9 0.5 025 | 0.05| 1.56 1.00 | 1.01

Thus, this study was aimed at a comprehensive evaluation of the effect of
cutting fluid flow rate on the turning performance of AISI 1045 steel, highlighting
both practical and scientific contributions. The main contributions of the work can
be summarized as follows:

* Tool life enhancement. In previous works, more attention was paid to the influ-
ence of CF flow velocity on the tool flank wear [34-36]. However, the influence of
the cutting tool on the wear mechanism has not been studied comprehensively.
Detailed analysis of wear mechanisms across multiple carbide tools (T15K6,
T5K10, VK8) conducted in this study shows that the increased CF flow miti-
gates flank, edge and nose wear, as well as adhesion and crater wear, thereby
extending tool life and reducing downtime. With an increase in the CF flow rate
from 2.5 1/min to 6 1/min, T15K6, T5K10, VK8 tools’ flank wear decreased by
160%, 160%, 400%, respectively.

* Improved chip control and machining efficiency. In previous works, the influ-
ence of CF flow rate on chip formation, the chip shrinkage coefficient in turning
process were not studied [33—38]. However, by controlling chip formation dur-
ing the cutting process, it is possible to control the process in a real working
environment. Therefore, the study of chip formation at different CF flow rates is
of great importance. In this study, the influence of CF flow rate on chip forma-
tion and chip shrinkage was also investigated. The results confirmed that faster
CF flow facilitates segmented chip formation, minimizes long chip entangle-
ment and improves machining stability, surface quality, and operational safety.
In addition, the increase of the CF flow rate causes a linear increase of the chip
coefficient. Specifically, with an increase in the CF flow rate from 2.5 1/min to
6 1/min, the chip coefficients generated by the cutting tools T15K6, T5K10, VK8
increased by 53%, 9%, and 15%, respectively.

* Optimization of heat transfer. This research demonstrates that higher CF flow
rates (up to 6 1/min) significantly improve tool-chip interface thermal behavior.
This result provides clear guidance for process optimization. In turning AISI
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1045 blanks with T15K6, T5K10, VK8 cutters, increasing the CF flow rate to
6 1/min caused that the thermo-EMF generated in the cutting zone decreased
by 13%, 12%, and 7%, respectively. This indicates a decrease in the cutting
temperature.

* Comprehensive experimental insight. By combining multiple tool grades, flow
rates, and machining responses, the study provides a robust dataset that can
be useful for both industrial applications and future research on thermal and
tribological effects in turning operations. Experimental studies have confirmed
that the high CF flow rate improves heat exchange in the cutting zone and reduces
friction in the chip-tool interface. This increases machinability of the workpiece.

Overall, the study confirms that careful management of CF flow rate is the
key strategy for enhancing thermal control, tool longevity, and chip breakability,
contributing to more efficient and reliable machining of AISI 1045 steel.

However, since the above experimental research work was carried out on
synthetic water-based CF, the application of the results of this study in operations
performed with other types of CF may not yield the same results. For example,
when using oils as CF, the main function of CF is lubrication, while in synthetic CF,
cooling is the main factor. Therefore, in the future, research on applying various
flow rates of oils, semi-synthetic liquids, and emulsions using the flood cooling
method can be considered a relevant area. In addition, a research on the influence
of CF flow velocity on the surface microstructure of various metal alloys during
machining is planned as a potential future study.

5. Conclusions

The effects of CF flow velocity on thermo-EMF, tool wear, and chip shrinkage
were investigated during the turning of AISI 1045. Three types of carbide cutting
tool grades (T15K6, T5K10, and VKS8) were used in the experimental tests. The
results of the experimental tests can be summarized as follows:

CF flowing into the cutting zone with the velocity of 6 I/min significantly
reduced the thermo-EMF generated in turning AISI 1045. In the experiments
conducted at 6 I/min flow velocity, the thermo-EMF decreased by 13% (T15K6),
12% (T5K10) and 7% (VKS8) compared to the EMFs obtained at 2.5 1/min of CF
flow rate in 85 m/min of cutting speed, 0.13 mm/rev of feed rate, and 1 mm of
cutting depth.

It was found that the increase in the CF flow rate caused a linear increase in the
chip coefficient. At the flow velocity of 6 1/min, the chip coefficient increased by
53% for T15K6, 9% for TSK10, and 15% for VK8 in comparison with the lowest
flow condition. Chip formation improved noticeably with the increase of CF flow
rate. Enhanced CF delivery promoted a transition from continuous to segmented
chip formation, thereby reducing chip entanglement and contributing to improved
machining stability, surface integrity and operational safety. Continuous chips
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predominated at flow rates of 2.5 and 4 I/min, whereas well-defined segmented
chips with improved morphology and coloration were obtained at 6 1/min.

Moreover, increased CF flow velocity mitigates flank, edge, and nose wear, as
well as adhesion and crater wear, thereby extending tool life and reducing downtime.
Additional wear mechanisms such as adhesion, crater wear, and chipping were also
observed. Across all tool materials, the application of a higher CF flow rate resulted
in a significantly lower tool wear compared to the lower flow conditions. Notably,
under low coolant flow rates, one observes increased occurrence of chip adhesion
and welding on the rake face, which leads to the formation of BUE and pronounced
plastic deformation. Experimental studies have confirmed that a high CF flow rate
improves heat exchange in the cutting zone and lowers friction in the chip-tool
interface. This improves machinability of the workpiece.

References

[1] X. Wu, C. Li, Z. Zhou, X. Nie, Y. Chen, Y. Zhang, ... and S. Sharma. Circulating purification of
cutting fluid: an overview. The International Journal of Advanced Manufacturing Technology,
117(9):2565-2600, 2021. doi: 10.1007/s00170-021-07854-1.

[2] J. Singh, S. Gill, M. Dogra, and R. Singh. A review on cutting fluids used in machining
processes. Engineering Research Express, 3(1):012002, 2021. doi: 10.1088/2631-8695/abecal.

[3] U. Mardonov, O. Khasanov, A. Ismatov, and A. Baydullayev. Studies Concerning Water-Based
Coolants Under Magnetic Field During a Metal-Cutting Process (Turning). In Proc. Interna-
tional Conference on Reliable Systems Engineering (ICoRSE), pp. 308-317, Cham: Springer
Nature Switzerland, August. 2023. doi: 10.1007/978-3-031-40628-7_26.

[4] J.P. Davim (Ed.). Machining: fundamentals and recent advances, Springer, London. doi:
10.1007/978-1-84800-213-5.

[5] S.Khasanov, U. Mardonov, and A. Ongboyeyv. Influence of a magnetic field on HSS tool wear/life
and the intensity of external machining environments in turning. International Journal of
Mechatronics and Applied Mechanics, (16):163-170, 2024. doi: 10.17683/ijomam/issuel6.19.

[6] V.K.Mamidi, and M.A. Xavior. A review on selection of cutting fluids. Journal of Research in
Science and Technology, 1(5):1-19, 2014.

[7]1 S.L. Srinivasan, R. Vimalathithan, and M.V. Manojkumar. Alternative cutting fluids for metal
cutting operations. Materials Today: Proceedings, 5(2):7758-7764, 2018. doi: 10.1016/j.matpr.
2017.11.453.

[8] J.Zheng,R.Jia, X. Hu, T. Qi, Q. Pan, J. Zhu, ... and W. Ling. Regulating cutting fluid parameters
for optimal energy and economic performance: Methods for efficient and Low-Energy electrical
machining. Energy Conversion and Management, 314:118707, 2024.

[9] U.Mardonov, S. Khasanov, A. Jeltukhin, and S. Ozodova. Influence of using cutting fluid under
the effect of static magnetic field on chip formation in metal cutting with HSS tools (turning
operation). Manufacturing Technology, 23(1):73-80, 2023. doi: 10.21062/mft.2023.006.

[10] Y. Yang, S. Guo, L. Si, T. Liu, Y. Dai, C. Yan, and C. Zhang, Investigation of a new water-based
cutting fluid for machining of titanium alloys. Journal of Manufacturing Processes, 71:398-406,
2021.

[11] Y. Shokoohi, E. Khosrojerdi, and B.R. Shiadhi. Machining and ecological effects of a new
developed cutting fluid in combination with different cooling techniques on turning operation.
Journal of Cleaner Production, 94:330-339, 2015. doi: 10.1016/j.jclepro.2015.01.055.


https://doi.org/10.1007/s00170-021-07854-1
https://doi.org/10.1088/2631-8695/abeca0
https://doi.org/10.1007/978-3-031-40628-7_26
https://doi.org/10.1007/978-1-84800-213-5
https://doi.org/10.17683/ijomam/issue16.19
https://doi.org/10.1016/j.matpr.2017.11.453
https://doi.org/10.1016/j.matpr.2017.11.453
https://doi.org/10.21062/mft.2023.006
https://doi.org/10.1016/j.jclepro.2015.01.055

16

Umidjon MARDONOV et al.

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

M. Gueli, J. Ma, N. Cococcetta, D. Pearl, and M.P. Jahan. Experimental investigation into tool
wear, cutting forces, and resulting surface finish during dry and flood coolant slot milling of
Inconel 718. Procedia Manufacturing, 53:236-245, 2021. doi: 10.1016/j.promfg.2021.06.026.
U. Mardonov, O. Tuyboyov, K. Abdirakhmonov, and S. Tursunbaev. Mathematical approach to
the flank wear of high-speed steel turning tool in diverse external cutting environments. Inter-
national Journal of Mechatronics and Applied Mechanics, 14:19-26, 2023. doi: 10.17683/ijo-
mam/issuel4.3.

E.O. Ezugwu, J. Bonney, R.B. Da Silva, A.R. Machado, and E. Ugwoha. High productivity
rough turning of Ti-6Al-4V alloy, with flood and high-pressure cooling. Tribology Transactions,
52(3):395-400, 2009. doi: 10.1080/10402000802687866.

C. Li, Q. Zhang, S. Wang, D. Jia, D. Zhang, Y. Zhang, and X. Zhang. Useful fluid flow and
flow rate in grinding: an experimental verification. The International Journal of Advanced
Manufacturing Technology, 81:785-794, 2015. doi: 10.1007/s00170-015-7230-z.

Z. Fang, and T. Obikawa. Influence of cutting fluid flow on tool wear in high-pressure coolant
turning using a novel internally cooled insert. J. Manuf, Process, 56:1114-1125, 2020. doi:
10.1016/j.jmapro.2020.05.028.

T. Obikawa, and M. Yamaguchi. Computational fluid dynamic analysis of coolant flow in
turning. Procedia CIRP, 8:271-275, 2013. doi: 10.1016/j.procir.2013.06.101.

J. Kundrak, B. Karpuschewski, K. Gyani, and V. Bana. Accuracy of hard turning. Jour-
nal of Materials Processing Technology, 202(1-3):328-338, 2008. doi: 10.1016/j.jmatprotec.
2007.09.056.

0O.V. Anikeeva, A.G. Ivakhnenko, and O.Y. Erenkov. Modeling the influence of geometric errors
of turning machine for accuracy machinable surface. Procedia Engineering, 206:1127-1132,
2017. doi: 10.1016/j.proeng.2017.10.605.

S.M. Bazaz, J. Ratava, M. Lohtander, and J. Varis. An investigation of factors influencing tool
life in the metal cutting turning process by dimensional analysis. Machines, 11(3):393, 2023.
doi: 10.3390/machines11030393.

S. Debnath, M.M. Reddy, and Q.S. Yi. Influence of cutting fluid conditions and cutting parame-
ters on surface roughness and tool wear in turning process using Taguchi method. Measurement,
78:111-119, 2016. doi: 10.1016/j.measurement.2015.09.011.

D. Ozimina, J. Kowalczyk, M. Madej, .. Nowakowski, and A. Kulczycki. The impact of the
type of cutting fluid on the turning process. Tribologia, 2017(3):119-126, 2017.

M.A. Xavior, and M. Adithan. Determining the influence of cutting fluids on tool wear and
surface roughness during turning of AISI 304 austenitic stainless steel. Journal of Materials
Processing Technology, 209(2):900-909, 2009. doi: 10.1016/j.jmatprotec.2008.02.068.

V.P. Astakhov, and J.P. Davim. Tools (geometry and material) and tool wear. In Proc. Machining:
Sfundamentals and recent advances, pp. 29-57, springer London, 2008. doi: 10.1007/978-1-
84800-213-5_2.

S.A. Igbal, P.T. Mativenga, and M. A. Sheikh. Characterization of machining of AISI 1045 steel
over a wide range of cutting speeds. Part 1: Investigation of contact phenomena. Proceedings
of the Institution of Mechanical Engineers, Part B: Journal of Engineering Manufacture,
221(5):909-916, 2007. doi: 10.1243/09544054JEM796.

N. Kholmirzaev, N. Saidmakhamadov, J. Khasanov, N. Tadjiev, B. Yusupov, N. Sadikova,
0. Yuldashev, F. Makhmudov, 1.S. Nosirkhujaev, and Z. Nurdinov. Mathematical Modeling of
the Effect of TiC Nanopowder Particles on the Wear Resistance Properties of Low-Alloy Steel.
Materials Science Forum, 1139:11-19, 2024. doi: 10.4028/p-gis27o0.

N. Kholmirzaev, N. Turakhodjaev, N. Saidmakhamadov, J. Khasanov, A. Bektemirov, and
N. Sadikova. Effects of titanium (Ti) contents on the wear resistance of low-alloy steel alloys.


https://doi.org/10.1016/j.promfg.2021.06.026
https://doi.org/10.17683/ijomam/issue14.3
https://doi.org/10.17683/ijomam/issue14.3
https://doi.org/10.1080/10402000802687866
https://doi.org/10.1007/s00170-015-7230-z
https://doi.org/10.1016/j.jmapro.2020.05.028
https://doi.org/10.1016/j.procir.2013.06.101
https://doi.org/10.1016/j.jmatprotec.2007.09.056
https://doi.org/10.1016/j.jmatprotec.2007.09.056
https://doi.org/10.1016/j.proeng.2017.10.605
https://doi.org/10.3390/machines11030393
https://doi.org/10.1016/j.measurement.2015.09.011
https://doi.org/10.1016/j.jmatprotec.2008.02.068
https://doi.org/10.1007/978-1-84800-213-5_2
https://doi.org/10.1007/978-1-84800-213-5_2
https://doi.org/10.1243/09544054JEM796
https://doi.org/10.4028/p-gis27o

Investigation of the effect of the cutting fluid’s flow rate on cutting parameters. . . 17

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

In Proc. IV International Conference on Geotechnology, Mining and Rational Use of Natu-
ral Resources, Vol. 525, p. 03003, Navoi, Uzbekistan, 3-5 Apr. 2024. doi: 10.1051/e3sconf/
202452503003.

T. Junge, H. Liborius, T. Mehner, A. Nestler, A. Schubert, and T. Lampke. Measurement system
based on the Seebeck effect for the determination of temperature and tool wear during turning
of aluminum alloys. Procedia CIRP, 93:1435-1441, 2020. doi: 10.1016/j.procir.2020.03.015.
J. Xu, M. Ji, J.P. Davim, M. Chen, M. El Mansori, and V. Krishnaraj. Comparative study of min-
imum quantity lubrication and dry drilling of CFRP/titanium stacks using TiAIN and diamond
coated drills. Composite Structures,234:111727,2020. doi: 10.1016/j.compstruct.2019.111727.
A M. Khan, R.M. Rahatuzzaman, A. Umayar, J. Muhammad, A.M. Asad, G. Zhao, and
J.V. Abellan-Nebot. The recent advancements in minimum quantity lubrication (MQL) and
its application in mechanical machining — a state-of-the-art review. Lubricants, 13(9):401,
2025. doi: 10.3390/lubricants13090401.

S. Ali, S. Abdallah, S. Pervaiz, and 1. Deiab. Progress on sustainable cryogenic machining
of hard-to-cut material and greener processing techniques: A combined machinability and
sustainability perspective. Lubricants, 13(8):322, 2025. doi: 10.3390/lubricants13080322.

V. Dubey, A.K. Sharma, and R.K. Singh. Study of various cooling methodology used in ma-
chining processes. Materials Today: Proceedings, 21:1572-1576, 2020. doi: 10.1016/j.matpr.
2019.11.092.

0O.C. Mendes, R.F. Avila, A.M. Abrao, P. Reis, and J.P. Davim. The performance of cutting
fluids when machining aluminium alloys. Industrial Lubrication and Tribology, 58(5):260-268,
2006. doi: 10.1108/00368790610682662.

C. Moganapriya, R. Rajasekar, K. Ponappa, P.S. Kumar, S.K. Pal, and J.S. Kumar. Effect of
coating on tool inserts and cutting fluid flow rate on the machining performance of AISI 1015
steel. Materials Testing, 60(12):1202-1208, 2018. doi: 10.3139/120.111271.

P.C. Priarone, M. Robiglio, L. Settineri, and V. Tebaldo. Effectiveness of minimizing cut-
ting fluid use when turning difficult-to-cut alloys. Procedia CIRP, 29:341-346, 2015. doi:
10.1016/j.procir.2015.02.006.

C. Moganapriya, R. Rajasekar, K. Ponappa, R. Venkatesh, and R. Karthick. Influence of cutting
fluid flow rate and cutting parameters on the surface roughness and flank wear of TiAIN coated
tool in turning AISI 1015 steel using Taguchi method. Archives of Metallurgy and Materials,
62(3):1827-1832, 2017. doi: 10.1515/amm-2017-0276.

A.E. Diniz, and R. Micaroni. Influence of the direction and flow rate of the cutting fluid on
tool life in turning process of AISI 1045 steel. International Journal of Machine Tools and
Manufacture, 47(2):247-254, 2007. doi: 10.1016/j.ijmachtools.2006.04.003.

S. Gariani, M.A. El-Sayed, and I. Shyha. Optimisation of cutting fluid concentration and
operating parameters based on RSM for turning Ti—6Al-4V. The International Journal
of Advanced Manufacturing Technology, 117(1):539-553, 2021. doi: 10.1007/s00170-021-
07623-0.


https://doi.org/10.1051/e3sconf/202452503003
https://doi.org/10.1051/e3sconf/202452503003
https://doi.org/10.1016/j.procir.2020.03.015
https://doi.org/10.1016/j.compstruct.2019.111727
https://doi.org/10.3390/lubricants13090401
https://doi.org/10.3390/lubricants13080322
https://doi.org/10.1016/j.matpr.2019.11.092
https://doi.org/10.1016/j.matpr.2019.11.092
https://doi.org/10.1108/00368790610682662
https://doi.org/10.3139/120.111271
https://doi.org/10.1016/j.procir.2015.02.006
https://doi.org/10.1515/amm-2017-0276
https://doi.org/10.1016/j.ijmachtools.2006.04.003
https://doi.org/10.1007/s00170-021-07623-0
https://doi.org/10.1007/s00170-021-07623-0

	Introduction
	Methods
	Results
	Thermo-EMF generated in cutting zone
	Chip shrinkage
	Tool wear

	Discussions
	Conclusions

