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Abstract. To determine the optimal cutting modes under conditions of increased requirements for the
stability of technological processes, it is necessary to take into account the value of the tool life with a
given probability. In this paper, the stability dependence for prefabricated cutters used on heavy machine
tools with maximum diameters Dmax = 1250-2500 mm is specified using the group argumentation method.
The study presents a new mathematical model that establishes the relationship between tool fracture
resistance and key operational parameters. This model incorporates the probabilistic nature of tool
performance, which allows for a more accurate assessment of the impact of part size variation, cutting
conditions, and process variability. The proposed relationship facilitates the determination of cutting
modes that not only increase tool stability but also ensure the reliability and efficiency of heavy machine
tools in industrial environments. This mathematical dependence makes it possible to take into account
the variation of workpiece parameters and cutting modes, which is especially important when working
with large-sized parts on heavy-duty machine tools. The results of the study are of practical importance
for industry, as they make it possible to increase the sustainability and productivity of technological
processes.
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1. Introduction

The issues of wear and durability of cutting tools, machinability of various
materials by cutting have been considered to a greater or lesser extent by many
studies [1-13] and others. To obtain a mathematical model of the machining process
for determining rational cutting modes, the initial dependence is T=f(V, S, t).
Therefore, for a number of years, a large number of researchers have been engaged
in the study of tool wear patterns and resistance dependencies. At present, there are
a large number of formulas derived from experimental data and linking durability
with the elements of the cutting mode. Cutting speed has the strongest influence on
the durability period. At present, empirical dependences of durability on the
elements of the cutting mode have been established practically for all types of cutting
tools and most tool machined materials. The most frequently used equation is:
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However, the practice of using these formulas has shown that they are valid
only in a limited range of changes in cutting modes.

The most complete studies of the stepped resistance dependence indices were
performed in [6,11], which used multiplicative models of the resistance dependence,
in which the degree indices are functions of the cutting tool parameters and
machining conditions.

Despite the great variety of formulas describing the relationship between tool
resistance and elements of the cutting mode, the required reliability and accuracy of
the initial information for the calculation of cutting modes is not always ensured.
The described dependencies are valid for those machining cases when tool failure
occurs due to tool wear [3,8,9].

In real production conditions, carbide tool failure can occur not only as a result
of wear of the cutting part, but also due to its destruction. In real production
conditions, carbide tool failure can occur not only as a result of wear of the cutting
part, but also due to its destruction. Therefore, for these cases, the steady-state
dependences need to be clarified.

A number of works [12,13,14] have been devoted to the study of the tool
fracture process. In works [12,13] the causes of cutting tool fracture on CNC
machines are analysed. Failures of roughing cutters due to wear are only 60-70%,
the remaining failures are related to tool breakages [13]. When turning on heavy
machines, the percentage of cutting tool failures reaches 75% [14].

The most complete classification of the types of breakages of the working part
of the tool is given in [14]. It is proved that during rough turning the destruction of
a carbide plate mainly depends on the feed, and the wear depends on the cutting
speed. The relationship between feed and the number of durability periods is
expressed by the equation obtained on the basis of experimental and statistical data:

S =C,-K™ | where

Sk — the feed rate corresponding to a certain period of resistance;

my — degree index;

In the same work, a similar relationship between the tool endurance to fracture
and the breaking feed rate is given:

Sp=Cp 'TP_mP )

where S, is a coefficient characterising the average strength of the tool and
depending on the processed material and working conditions;

mp — value characterising the degree of influence of T, on S,.

When machining steel parts with cutters mp = 0,08-0,28. These dependencies
relate feed rate to the tool life before fracture and the number of tool life periods and
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are essentially similar to the V-T life dependencies. The former allows you to
determine the tool life under conditions of wear, the latter — under conditions of its
destruction. However, for practical use in the calculation of cutting modes, these
dependences need to be clarified in relation to specific conditions, since the values
of degree indices fluctuate in a wide range (especially my) and have been studied
mainly for medium-sized machine tools.

It was shown in [10] that the number of tool life periods can be considered with
some approximation as a value inversely proportional to the probability of tool
fracture.

The authors [3,9,12] pointed out the necessity of taking into account the
probability of tool fracture when determining the feed rate. However, due to the lack
of relations reflecting the probabilistic nature of the cutting process, taking into
account both tool wear and tool fracture, this problem has not been completely
solved.

In [11], an attempt was made to establish the dependence of tool life period
numbers on the feed rate. However, the experiments were carried out on medium-
sized machine tools. Therefore, the peculiarities of machining on heavy machine
tools could not be fully taken into account.

Taking into account the large dispersion of the tool life period during its
operation on heavy machine tools, the study of tool reliability and its relationship
with the parameters of the operation process is of particular importance.

2. Applied methods

The average tool life is a probabilistic value. It depends on the probability of a
particular type of failure (wear or fracture). Tool life is defined as the time between
failures of the corresponding type. In this case, these periods are conditional values
that characterise the properties of a given tool. The average actual life of a cutting
tool, which depends on its wear resistance and strength, is determined:

T= qus +QPTP )

where Ts, Tp are the periods of stability due to tool wear and fracture,
respectively; ds, qp are the probabilities of tool wear and fracture, respectively,
qs+qp:1.

To develop a mathematical model of the period of resistance to fracture of
turning cutters for heavy machine tools, the method of group accounting of
arguments was adopted [15].

This approach of self-organisation of models is fundamentally different from
the commonly used deductive methods. It is based on inductive principles - finding
the best solution by searching through various options.

By searching through different solutions, the role of assumptions about the
modelling results is minimised. The algorithm determines the structure of the model
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and the laws that apply to the object. It can be used to create artificial intelligence to
resolve disputes and make decisions.

The group argumentation method consists of several algorithms for solving
various tasks. It includes both parametric and clustering algorithms, analogue
complexity and probabilistic algorithms. This self-organising approach is based on
searching through gradually increasingly complex models and selecting the best
solution according to a minimum external criterion. Not only polynomials but also
nonlinear, probabilistic functions or clustering are used as basic models.

In this paper, we used the following types of functions:

f()=x, f(x)=1/x, f(x)=In(x) .

The next step is to determine the optimal complexity of the model structure,
adequate to the level of errors in the data sample. It is guaranteed to find the most
accurate or unbiased model — the method does not miss the best solution when trying
all options (in a given class of functions).

This method automatically finds the relationships interpreted in the data and
selects the most effective input variables, neglecting the least influential elements.
The method uses information directly from the data sample and minimises the
influence of the author's a priori assumptions about the modelling results. This
approach of this method can be used to improve the accuracy of other modelling
algorithms and makes it possible to find an unbiased physical model of an object
(law or clustering) - the same for all future samples.

3. Results and discussion

According to laboratory tests (Figs. 1, 2), the type dependence was obtained
for preliminary crust turning of steel with turning cutters with horizontally arranged
T5K10 carbide inserts and for machining on machine tools with a maximum
diameter of the workpiece above the bed (standard size) Dmax= 1250-2500 mm:

f(Sp) =f(C,..Cq, InV,Int, InD, Ino,t,V, D, o),

where Sp is the average value of the fracturing feed, mm/rev; V is the cutting
speed, m/min; t is the depth of cut, mm; D is the dimensional parameter of the
machine tool, mm; o is the tensile strength of the material being processed, MPa; Ci,
..., Cg are approximation factors.

In many cases, the period of resistance to fracture of a cutting tool is directly
proportional to the number of cycles before fracture. When turning under the
specified conditions, the stress on the front surface of the cutting element
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oc=C,N™ =C(fT,]™ =C,T,™.
where: C is the coefficient characterising the strength of the tool,

N is the number of fracture cycles,
Tp is the period of resistance of the cutting tool to fracture.
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Fig. 1. Character of change in the breaking feed Sp with depth t and cutting
speed V (Dma = 1250 mm, 90XF - T5K10 (P30), on the crust)

Maximum principal stress

Crax = C;Sp ,

Based on the previous equation, the period of resistance to fracture can be
determined by :
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Fig. 1. Character of change in the breaking feed Sp with depth t and cutting
speed V (Dma = 2500 mm, 90XF - T5K10 (P30), on the crust)

where Cp is a coefficient characterising the average strength of the tool,
depending on the processed material and working conditions; mp is a value
characterising the degree of influence of the Tp on Sg (mp = 1.6 for S = 1.2-1.6
mm/rev, mp = 2.1 for S = 1.61-2.05 mm/rev.)

In developing the mathematical model, a sample (N = 240) of statistical
data from the information bank of failures of carbide tools on heavy machine
tools with a maximum diameter of the workpiece Dma= 1250 — 2500 mm was
used. Mathematical processing of the data collected at different plants made it
possible to determine the degree of dispersion of tool life and confirm the
probabilistic nature of tool failures. This proves the need to take into account the
destruction, not just the wear of the tool when determining its durability.

4. Conclusions

The stability dependence for prefabricated cutters of heavy machine tools with
Dmax = 1250-2500 mm is specified using the method of group argument accounting.
The new mathematical dependence of tool fracture resistance on the most common
operating conditions allows taking into account the probabilistic nature of tool
operation, scattering of workpiece parameters, and cutting modes. Based on the
research, a system of mathematical models and objective functions will be developed
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to optimise cutting modes and tool consumption rates according to the following
criteria: reduced costs, productivity, tool consumption, and the level of reliability of
a prefabricated turning cutter when machined on heavy machine tools.
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BU3HAYEHHS MEPIOY CTIHKOCTI TOKAPHUX PI3IIIB
JJIS1 BA’JKKUX BEPCTATIB

AHoTanist. Y cmammi 006edeno, ujo po3pobra pecnamenmis ekcniyamayii pi3aibHux IHCmpyMeHmis Ha
BAJICKUX 8EPCMAMAX, (POPMYBAHHS YINbOBUX PYHKYIU onmumizayii napamempie 06pobKku demaneil
NOGUHHI 30IUCHIOBAMUCS BUXOOAUU I3 3A0AH020 PI6HS HAOTUHOCMI Pi3anbHo2o incmpymenmy. IIpu yvomy
BUKOPUCIOBYEMbCA  6EIUKA  KIIbKICMb NOKA3HUKIE, WO BUSHAYAIOMb OKpeMo  0e36i0MOGHICb,
008208IUHICIb MA PeMOHMONPUOAmHicmy iHcmpymenmy. Ha ocHosi cmamucmuynux i meopemuyHux
00CTiOJCeHb  IMOGIDHICHO20 XApaKmepy GIACmueocmell pi3anbHO20 THCMpYyMeHmy [ napamempa
PO3NOOLIY HABAHMAICEHHS HA HbO2O OMPUMAHI KITbKICHI 3A1€ICHOCHE MIJIC NAPAMEMPAMU PO3CIHIOBANHSL
eracmugocmeti i MOGUWUHOIO THCIMPYMEHMANbHOT naacmuny 30ipnoeo incmpymenny. Cmoxacmuunuil
Xapakmep npoyecy 006pOOKU HA BAJICKUX 6EPCMAMAX 3YMOGNIOE GeUKUL PO3KUO BAACHUBOCHEl
06poOMOBaAHUX | THCMPYMEHMATLHUX MAMEPIANie ma iHwWux napamempie 06pooku. Le npuzeodums 0o
HEOOXIOHOCMI  IMOGIPHICHO20 NiOX00Y 00 BUBHAYEHHs KOHCMPYKMUBHO-MEXHONOIYHUX Napamempis
pizanvHoeo incmpymenmy. Haoitinicmes pobomu 36ipHo20 pisys 3anexcums K 610 1020 HABAHMAICEHHS,
maxk i 6i0 Hecyuoi 30amHOCHMI KOHCMPYKYII [HCMPYMEHMY, AKA € SPAHUYHUM HANPYHCEHHAM, WO
xapakmepuzye MiyHicms KOHCmMpYKyii. Buxopucmogyrouu iMosipHICHUL NiOXI0 00 PO3PAXYHKY MOBUWUHU
pidicyyoi nracmunu pisys, 6y10 6UHAYEHO NONPABOUHUL KODIYIEHM HA MOBWUHY 3 YPAXYBAHHAM PIHSA
HaoitiHocmi incmpymenmy. 11i0 pignem HaoditiHocmi poO3yMinu UMOBIDHICIb MO20, WO MAKCUMATbHE
HANPYJICeHHs, AKe BUHUKAE N0 OI€l0 HABAHMADICEHHA, He Nepesuiyumb MmMpuManbHOi 30amHOCMI.
Jocniocysanucs munogi  KOHCMpYKyii, AKI  Hauuacmiwie UKOPUCMOBYIOMbCA HA  CYYACHUX
NIONPUEMCMBAX 6ACKO20 MAWUHOOYOYBAHHA. 3aKOH pO3NOOINY CUN Pi3aHHA BU3HAYABCS HA OCHOGI
CmamucmuyHux OaHux npo pobomy meepoocniaenux pisyie.  ToswuHna pidcyuo2o enemenma
PO3paxoeyeanacs OnsA peneicbKo2o 3aKOHY pPO3NOOINY HABAHMAJICEHHS, GUSHAYEHO20 HA OCHOGI
CIMAMUCMUYHUX OGHUX NPO CUNU PI3AHHA NPpU MOKAPHIll 00pobyi 01 PI3HUX KOHCMPYKYIU pi3yis.
Po3nodin mpumanbHoi 30amHocmi IHCMPYMEHMATbHO20 MAMepiany NIACMUH GUSHAYEHO HA OCHOBI
1a6OpamopHux sunpooyeats.

KurouoBi cioBa: pisanvuuil incmpymenm; cmitikicmbs, HAOIUHICMb; UMOBIPHICIMb 8I0MO8; pi3aNbHA
nracmuna; cuna pisanmsl.
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