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Abstract

This article investigates the optimization of cutting conditions in the mechanical machining of metals on milling machines. The
study focuses on improving machining efficiency, enhancing surface quality, and extending tool life by selecting optimal process
parameters. The main objective of the research is to analyze the influence of key milling parameters, including cutting speed,
feed rate, and depth of cut, on the performance of the machining process. The research methodology is based on analytical
evaluation and comparative analysis of different cutting regimes. The relationships between cutting parameters and machining
outcomes such as productivity, tool wear, and surface finish are systematically examined. Special attention is given to identifying
parameter combinations that ensure stable cutting conditions and minimize energy consumption. The results show that the proper
selection and optimization of cutting parameters significantly improve machining efficiency and reduce tool wear. It is found
that increasing cutting speed within optimal limits enhances productivity, while appropriate feed rate and depth of cut contribute
to better surface quality and longer tool life. In conclusion, the proposed approach to optimizing cutting conditions provides a
practical framework for improving milling performance in industrial applications. The findings of this study can be effectively
applied in manufacturing processes to achieve higher productivity, reduced costs, and improved product quality.
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1. Introduction

Cutting regimes are established by technologists in accord-
ance with established standards. However, actual production

Moreover, the influence of subjective factors under practical
conditions is inevitable.

conditions usually differ from those considered in these stand-
ards. Factors such as the dynamic state of the machine tool,
variations in the properties of workpieces manufactured from
raw materials of different batches, differences in the proper-
ties of cutting tools from various batches, and other influences
play a significant role.

Therefore, it is impossible to fully account for real produc-
tion conditions at the stage of technological process design.

In addition, the task of optimizing cutting regimes becomes
even more complex when machining new materials, applying
new tool materials, and introducing new technological pro-
cesses.

Existing methods and systems for controlling and optimiz-
ing cutting regimes are either based on empirical indicators of
the cutting process obtained under specific experimental con-
ditions that do not fully reflect the actual state of the machine-

*Correspondence: Abduhamitov Akmaljon (akmaljonabduhamitov I @gmail.com)

Received: 18 April 2026; Accepted: 28 April 2026; Published: 12 May 2026

@ Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



https://www.sciencepg.com/journal/sdp
http://www.sciencepg.com/journal/573/archive/5730102
http://www.sciencepg.com/
https://orcid.org/0009-0001-3470-5485
http://www.sciencepg.com

Science Discovery Physics

https://www.sciencepg.com/journal/sdp

tool system, or they require substantial material costs and ad-
ditional hardware for implementation. At the same time, their
control efficiency remains relatively low.

Loss of accuracy in evaluating cutting process parameters
inevitably leads to economic losses. These losses are mani-
fested in equipment downtime, idle labor, additional working
hours, disruption of production rhythm, and accelerated wear
of cutting tools. Consequently, this negatively affects product
quality and may result in penalty sanctions due to failure to
fulfill contractual obligations [1, 2].

Economic losses increase the cost of production, while in-
efficient use of equipment reduces manufacturing productiv-
ity.

The desire to eliminate these shortcomings has led to the
development of automated control systems. These systems
make it possible to optimize the metal-cutting process directly
under actual production conditions based on real-time data ob-
tained from parameters affecting the quality and conditions of
the cutting process.

The objective of such control systems—known as adaptive
systems—is to adjust the controllable parameters of the cut-
ting process in such a way that the extremum of the selected
optimization criterion (such as productivity, production cost,
and others) is ensured under random disturbances.

In this case, the parameters of the cutting process must be
adjusted in real time. According to the GOST 15971-90 stand-
ard, real-time operation is defined as a mode of information
processing that ensures interaction between an information-
processing system and external processes at a rate correspond-
ing to the speed of these processes [3, 4].

The machining process determines the rate of interaction
between the information-processing system and external pro-
cesses, and this rate corresponds to the tool life of the cutting
instrument. An analysis of certain self-learning methods ap-
plied to the cutting process—such as the stochastic approxi-
mation method proposed by Herbert Robbins and Sutton
Monro, as well as the processes developed by Jack Kiefer and
Jacob Wolfowitz—has shown that they are simple and require
minimal prior and current information about the cutting pro-
cess.

However, due to this simplicity, the convergence to the op-
timal value occurs very slowly, making their effective appli-
cation in real-time practice difficult. Therefore, accelerating
the self-learning process to the maximum extent is a pressing
task.

In particular, this can be achieved by making fuller use of
prior and current information about the cutting process. The
self-learning process can be significantly accelerated by em-
ploying an explicit representation of the relationship between
tool life and cutting speed in the region of optimal cutting con-
ditions.

In real-time self-learning, the parameters of the tool life re-
lationship are sequentially refined. For this purpose, all previ-
ous iterative calculation results are utilized, and the cutting
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speed for the subsequent stage is calculated based on the re-
fined tool life relationship.

Although various formulas have been proposed by re-
searchers to describe the dependence of tool life on cutting
speed, the most widely used in practice is the power-law rela-
tionship proposed by Frederick Winslow Taylor, known as the
Taylor formula.

- cr
= Vrseomp

Here:

V — cutting speed, m/min;

S — feed, mm/rev;

t — depth of cut, mm;

HB — hardness of the material being machined;

Cr, m, X, y, z— empirical exponent coefficients;

Although the real durability (tool life) of a cutting tool has
arather complex dependence, within a limited range of cutting
speeds it can be expressed with sufficient accuracy using a
power-law relationship. In practice, this method is widely
used [5, 6].

When applying the power-law (step-type) relationship pro-
posed by Frederick Winslow Taylor, and taking the mathe-
matical expectation of machining cost (expressed in machine-
minutes) as the optimality criterion, it becomes possible to op-
timize the parameters of the cutting process more accurately.

f=t,(1+>)

Here:

tp — working cycle time;

T — mathematical expectation of the tool life of the cutter
per unit cutting time;

A — cutting time coefficient;

E — average time spent on tool replacement and readjust-
ment;

Taking the working cycle time tp into account, a simple ex-
pression for determining the optimal cutting speed V can be
obtained.

This expression is based on the tool life equation proposed
by Frederick Winslow Taylor and is derived from the condi-
tion of minimizing the mathematical expectation of machining
cost during the cutting process.

As aresult, a simple formula is obtained for determining the
optimal cutting speed V.

1 1
C\— )E

G = (

T

_ ¢
(m-1)A3

1%
Here:
T — mathematical expectation of the tool life period (in units
of cutting time);
A — cutting time coefficient;

E — average costs spent on tool replacement and readjust-
ment (in machine-minutes);
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C — constant coefficient of the tool life relationship.

The task is to optimally estimate the parameters of the tool
life relationship based on experimental values of tool life T,
Ta,..., Tn; T1, To,..., Tn; Ti, To,..., Tn obtained at cutting
speeds Vi, Va,..., Vi, Vi, Vao,..., Vi; Vi, Vo,..., V, and then
perform calculations using the proposed formula.

37A
)

+
(1 + STL_:\) (1 +
Here:

Ti*; Ti — the stability (tool life) obtained at cutting speeds
Vi + Ci and V; — C; respectively;

Ei*; Ei — the time spent on tool replacement and readjust-
ment during the tool life period, respectively;

C' — constant, independent of machining diameter length
and cutting speed-related feed,;

a;, C; — coefficients.

Real-time self-learning-based optimization of the cutting
process has a specific feature: not all cutting regime parame-
ters require such optimization [7, 8].

The cutting depth t should preferably be chosen at the max-
imum possible value within the limit of excess material left
for machining. Similarly, the feed S is also beneficial to take
at the maximum possible value, considering technological
constraints, machine capabilities, and tool properties.

Therefore, essentially only one parameter remains for opti-
mization — the cutting speed V.

In this regard, the tool life relationship proposed by Freder-
ick Winslow Taylor (Taylor’s equation) can be simplified.

C’
Vi—C;

a; c’
Vip=Vi——
2C; |Vi+C;

C

T=%

Here:

The constant coefficient C is determined based on other cut-
ting process parameters (such as depth of cut t, feed S, etc.),
assuming they are considered constant during the real-time
self-learning process. Also, only the parameter C is subject to
estimation [9, 10].

In the process of real-time self-learning, several methods
for estimating the parameters of the tool life relationship were
considered:

2. Materials and Research Results

Least Squares Method (LSM): Each method has its own
characteristics, advantages, and disadvantages in terms of es-
timation accuracy, computational algorithm complexity, and
suitability for real-time implementation.

When applying the Least Squares Method (LSM), the re-
sults depend on which optimality criterion is chosen — that is,
which cutting process parameter should be estimated as accu-
rately as possible. This may be only tool life, or wear intensity,
or the machining time of a single part.

In the general case, the estimation by the Least Squares
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Method (LSM) is expressed as follows:

Let

(T) — some indicator of the cutting process that depends on
tool life T;

(Ti) — the value of this indicator calculated based on exper-
imental tool life values;

(Ti) — the measured (experimental) value of the indicator
corresponding to T;;

(T) — the calculated (modeled) value of the indicator.

Then, the criterion for estimating the parameters of the tool
life relationship using the Least Squares Method is written as:

TTH~T))?

This formula ensures that the parameters being estimated
based on all experimental values are determined with the
smallest possible error.

A(C,m)=%2i(9 (1) - Q(Viim))Z

Optimal parameters C and t are selected in such a way that
the above criterion — the mean square error between experi-
mental values and calculated values — is minimized [11, 12].

Milling is the process of removing a layer of material using
a multi-tooth cutting tool. This process is widely used in met-
alworking.

The main motions in the milling process are:

the main motion (rotation of the cutter);

the feed motion;

adjustment motions.

Advantages of milling include: high productivity; the abil-
ity to produce complex surfaces; a high level of accuracy; and
the capability to machine a wide range of materials. During
milling, cutting forces, temperature, and deformation pro-
cesses occur. These factors significantly affect the efficiency
of the cutting process [13, 14].

Figure 1. Cutting regime in the milling process.

During the milling process, the cutting regime is character-
ized by the following main parameters:

cutting speed;

feed motion;
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depth of cut.
Cutting speed depends on the cutter diameter and its rota-
tional speed.

V=(nxDxn)/1000

Where:

V — cutting speed (m/min);

D — cutter diameter (mm);

n — rotational speed (rev/min).

An increase in cutting speed improves productivity, but ex-
cessively high values lead to rapid tool wear.

Feed motion refers to the amount of displacement per tooth
of the cutter [15, 16].

S=S,XZxn
Here:

S — total feed motion; S, — feed per tooth;
Z —number of cutter teeth; n — rotational speed of the cutter.

0,6
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3. Results

The depth of cut refers to the thickness of the material layer
removed during the machining process. The depth of cut de-
pends on the following factors:

machine tool power;

cutter strength (durability);

workpiece material.

Table 1. Recommended cutting regimes for different m aterials.

Material Kesish tezligi (m/min  Oziqlanish (mm/tish)
Po‘lat 80-120 0.05-0.12
Cho‘yan 60-90 0.08-0.15
Alyuminiy ~ 200-400 0.10-0.25
150 200 250 300

Cutting Speed m/min

Figure 2. A linear relationship between tool life and cutting speed is shown.

The efficiency of the cutting process is influenced by the
following factors:

Material properties — The hardness and strength of the ma-
terial have a significant impact on the cutting process [19].

Cutting tool material — Cutting tools are made from the fol-
lowing materials: high-speed steel, hard alloys, ceramic mate-
rials, and synthetic diamond.

Cooling fluids — The use of cooling fluids during cutting

reduces friction and lowers the temperature in the cutting zone.

Optimization of cutting regimes plays an important role in
improving production efficiency. The main optimization
methods include:
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Experimental method — experiments are conducted under dif-
ferent cutting parameters, and optimal values are determined.

Mathematical modeling — mathematical models of the cut-
ting process are developed and optimal parameters are calcu-
lated [17, 18].

Computer simulation — modern CAD/CAM systems are
used to simulate the cutting process.

According to research results, optimization of cutting re-
gimes leads to the following improvements:

1) tool life increases by 25-30%;

2) production productivity increases by 20%;

3) surface quality of the part is improved,

4) energy consumption is reduced.
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4. Conclusions

The results obtained from this study show that optimization
of cutting regimes in milling operations plays an important
role in improving production efficiency. By properly selecting
parameters such as cutting speed, feed rate, and depth of cut,
the tool life is extended, the surface quality of the workpiece
is improved, and production costs are reduced.

Based on the diagram of the linear relationship between tool
life and cutting speed, it was determined that at a cutting speed
of 50 mm/min the wear is 0.1 mm, at 100 mm/min it is 0.2
mm, and at 150 mm/min it is 0.3 mm. This means that as cut-
ting speed increases, tool wear also increases.

In modern production, the extensive use of mathematical
modeling, computer simulation, and experimental research
helps to optimize the cutting process.

Abbreviations
S  Total Feed Motion
S, Feed per Tooth
Z  Number of Cutter Teeth

Rotational Speed of the Cutter
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