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Abstract. The paper presents analytical and numerical models for assessing the reliability of cutting
tools used in the processing of critical parts for the defence and energy industries. The criteria of
boundary wear on the back and front surfaces, possible fatigue failure and plastic deformation of the
cutting edge are taken into account. Analytical dependencies have been constructed to calculate the
number of parts that can be machined before tool failure, taking into account the physical and mechanical
characteristics of the tool and processed materials, technological modes and thermal loading conditions.
The results allow for the selection of tools and cutting parameters based on increased reliability and
process optimisation. These mathematical dependencies make it possible to take into account the
predominant type of cutting tool wear, which is especially important when working with large parts on
heavy machine tools. The results of the study are of practical importance for industry, as they allow to
increase the stability and productivity of technological processes.
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1. Introduction

In heavy engineering, machining parts intended for use under high loads
and temperatures, particularly in the defence and energy sectors, requires high
precision and stability of the cutting tool. Tool reliability is one of the key parameters
that determines the quality and efficiency of the technological process. The
relevance of the topic is driven by the need to predict and extend the life of cutting
tools by mathematically modelling the processes of wear and fracture. The aim of
the study is to create reliable calculation models that allow determining the
maximum number of parts that can be machined before tool failure.

2. Problem statement
The task is to build mathematical models for assessing the reliability of a cutting tool

according to the criteria of limit wear, fatigue failure and plastic deformation. The
input parameters are the physical and mechanical properties of the tool and
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processed materials, cutting modes (speed, depth, feed), and temperature conditions
in the contact zone. The output parameter is the number of parts that can be machined
without losing tool life. It is necessary to take into account various wear mechanisms,
as well as random fluctuations in parameters that affect the accuracy of the forecast.

3. Literature review

The study of the problem of cutting tool reliability has become widespread
in the scientific literature. A considerable number of papers [1-5] are devoted to the
analysis of back surface wear as the main failure mechanism. Studies [6—-8] examine
the processes of adhesive and abrasive wear, as well as the influence of tool
microgeometry. Some works [9-11] focus on thermomechanical loading in the
cutting zone and modelling of temperature fields. However, insufficient attention is
paid to a comprehensive assessment taking into account fatigue fracture and plastic
deformation, which significantly affects reliability in heavy cutting conditions. This
study aims to extend the existing models by using computational and analytical
approaches and experimental observations.

4. Materials and Methods

The calculations are based on mathematical models that take into account
adhesive wear on the back and front surfaces, fatigue, and plastic buckling. The
modelling takes into account steels 40KhNMA (AISI 4340), X18H9T (AISI 321)
and tool materials T14K8 (HS410), P6M5 (AISI M2). The dependences of contact
pressures, cutting temperature, and wear parameters obtained by statistical
processing of experimental data were used. The number of machined parts before
failure was estimated based on the criteria of ultimate wear of the height, depth of
the hole, ultimate plastic deformation, and fatigue failure.

The number of parts that can be machined before the maximum allowable
height of the wear area on the rear surface is formed
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where h — height of the wear area corresponding to the moment of time z;
»na, ¢ —frontangle, back angle and main angle in the tool plan respectively;
t —cutting depth;
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g - limiting pressure necessary for complete buckling of surface
microroughnesses of the machined material at the contact area;

0 - thickness of the layer from which adhesive bond breakage products are
taken out;

os, os— Yield strengths of the machined material and tool material at average
temperature at the contact area respectively;

u - friction constant.

To assess the durability of a cutting tool according to the criterion of maximum
permissible wear on the front surface, the number of parts that can be machined until the
criterion of maximum permissible adhesive wear on the front surface is calculated.
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¢& - chip shrinkage factor;
The average number of parts that can be machined before fatigue failure of
the cutting insert is determined by the expression:
Ny (0o \"
o =2 (2"
fT amax
oo — endurance limit of the tool material under asymmetric loading cycle;

f — frequency of cutting force oscillations;
Nb — baseline number of loading cycles of the material used to determine

the value of co; Np = 10°¢ — loading cycles;
7 — processing time of a single workpiece;
m — constant characteristic of the tool material.
Estimation of the average number of parts Nos. whose machining is
possible before reaching the criterion of maximum permissible plastic buckling of
the cutting edge is carried out according to the formula:

e]

5. Experiments

A series of computational experiments were carried out using the models
described in the previous section for various combinations of tool and material to be
machined. Feed rate, cutting speed and depth of cut were selected as variable
parameters. The results were verified by comparing them with the data of physical
experiments reported in [13].
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6. Results

The dependences between the cutting speed and the number of machined
parts before the tool failure were obtained. Graphs of tool life were constructed
according to various criteria; wear on the back surface (Fig. 1), front surface (Fig.
2), fatigue fracture (Fig. 3), and plastic fracture (Fig. 4). For the P6M5 (AISI M2)
tool, when machining steel 40, it was found that the critical wear is on the back
surface at speeds above 150 m/min, while plastic deformation dominates at high

feeds.
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Figure 1 - Resistance of cutting tools according to the criterion of maximum permissible
wear on the rear surface
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Figure 2 - Cost of cutting tools according to the criterion of maximum permissible wear on
the front surface
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Figure 4 - Resistance of cutting tools according to the criteria of maximum permissible wear on

the rear surface, front surface, maximum permissible plastic buckling of the cutting edge. Tool
material P6BM5 (AISI M2). Material to be machined is steel 40 (AISI 1040)

7. Discussion

54



ISSN 2078-7405 Cutting & Tools in Technological System, 2025, Edition 102

The results confirm the relevance of the used models for predicting tool
reliability under heavy cutting conditions. The most consistent results were obtained
for the wear criteria. A nonlinear relationship between machining parameters and
resistance is observed. It is important to note that fatigue failure models are more
sensitive to fluctuations in input parameters. In the future, it is advisable to take into
account the effects of thermal diffusion and structural changes in the tool's near-
surface layer.

8. Conclusions

1. A set of mathematical models for assessing the reliability of a cutting
tool according to the four main criteria of wear and fracture has been developed.

2. The dependence of the number of machined parts on the physical and
mechanical parameters of the tool-workpiece system was determined.

3. The P6M5 (AISI M2) tool showed the lowest stability when machining
steel 40 at high feeds, which is due to plastic edge distortion.

4. The application of the proposed models makes it possible to justify the
choice of cutting modes to increase tool life.

5. In the future, it is necessary to take into account stochastic fluctuations
in external factors to improve the accuracy of forecasts.
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PO3PAXYHKOBO-AHAJITUYHI MOJAEJII BHAHUKHEHHS
IMEPEBAKHUX BUJIB BIIMOB PI3AJIBHOI'O IHCTPYMEHTY

AHoTaWisA Y cmammi npedcmasieno KOMIAEKCHI PO3PAXYHKOBO-AHANIMUYHI MOOe OYIiHKU HAOIUHOCMI
PI3aNbHO20 THCMPYMEHMY, WO 3ACMOCO8YEMbCS NIO 4ac 0OPOOKU GIONOGIOANbHUX | GEIUKO2AOAPUMHUX
Oemarnetl, XapakmepHux OJisl 8AMHCKO20 MAUWUHOOYOYBAHHA NPU UPOOHUYMBI NPuUIadie 060poHHO20 ma
eHepeemuYH020 NPUsHAYeHHA. B ymosax cyuacHux 6UKIUKIG, NOG’SA3GHUX [3 NOCUNEHHAM 6UMO2 OO0
MOYHOC, CMABGIILHOCMI Ma 006208I4HOCHIL 0OPOOKU, PO3POOIEHA MEMOOUKA 00360TAE 06'CKMUBHO
6paxogyeamu  CKAAOHi (DI3UKO-MEXAHIYHI  MA eKCnAyamayitni gakmopu, wo 6niueaioms Ha
npayezdamuicme  pizanbHo2o iHcmpymenmy. Modeni oxonmorme MexawizmMu 3HOCY 30d0HbOI ma
nepeonboi NOBEPXOHb, HAKONUYEHHS SMOMHUX NOUIKOONCEHb, MIKPOMPIUWUHOYMBOPEHHS, A MAKOXMC
nracmuune 0egpopmysants pizanbHoi Kpauku 8 yMoeax mepmMoMexaniuno2o nasawmaicenns. Kinvkicna
OYiHKa pecypcy npoeooumsCs Ha OCHOBI AHANIMUYHUX 3aedCHOCHEl, AKI 00360A10Mb NPOSHO3YEamU
KinbKicmb 0bpobOnosanux Ooemaineil 00 KPUMUYHO2O CHIAHY THCMPYMEHMY 3ad KOJCHUM i3 Kpumepiig
6i0mo6u. Beederno noxasnuxu 1imogipHocmi 6i0MOSU 3 YPAXYBAHHAM MUNOBO20 MEXAHIZMY 3HOCY, WO
00360.15€ NPUIIMAMU 36AICEH] DileHHs W00 NIAHYBAHHSA IHMEPSAi6 06CIY208Y6aHHA Ul 3aMiHu. JHAUHY
yeazy npuoineHo eapiamueHoOCmi ymMos 00OpoOKu, QIYKMyayiam HABAHMANCEHHS MA  GNAUEY
memnepamypHo20 noJs, Wo Cymmeso NiOSUWYE MOYHICb OYINKU HAOIIHOCMI 6 PeanbHux yMoeax
excnayamayii.  Ilpakmuune 3HaueHHs: OQOCHIONCEHH NPOSGIAEMbC 6  NIOBUWEHHI  3a2ANIbHOT
MexXHON02IYHOT HAOIUHOCMI Npoyecis, CKOPOYEHHI NPOCMOI8 OONAOHAMMSA, 3HUMCEHHI SUMpam Ha
HepayioHanbHe GUKOPUCMANHA IHCIMPYMEHMmY ma niosuwjeHHi npooyKmueHocmi upoOHuymea.
3anpononosanuii  nioxio modice  eeKmusHO  BUKOPUCIOBYBAMUCA — THIICEHEPAMU-TNEXHONO2AMU,
KOHCMPYKMOpami, Cneyianicmamu 3 mexuivHo2o o0cy208y8ants ma 0iacHOCMUKU 8 2any3i 8adiCK020
MawuHo0y0yeanHsa, 30Kkpema 0N niOnpUEMCmMS, Wo npayioionb Ha 3aMO6NeHHs. 000POHHO20 KOMHIEKCY
abo eHepeemuKu.

KuarouoBi cinoBa: Haodilinicmy; 3HOC [HCMPYMEHMY; 8MOMA; 6AXHCKe MAWUHOOYOV8AHH:, 00poOKa
PI3AHHAM; a02e3ilHULl 3HOC, MePMOMEXAHIYHe HABAHMANCEHHS, NAACMUYHA Oeopmayis; pisaibHa
Kpaiixa.
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