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Abstract. The task of increasing the efficiency of machining parts on heavy machines was determined,
scientifically substantiated and solved by hardening a carbide tool the pulsed magnetic field processing
(PMFP). The efficiency of machining of parts is understood as an increase in its productivity, a
reduction in the cost and costs of tool materials, and an increase in instrument reliability. The working
conditions of cutting tools at heavy engineering enterprises are analyzed. The wear resistance of
carbide cutting tools, which have been strengthened by the PMFP, was investigated using forced test
methods and modeling of the cutting process. The mechanism of changing the properties of a hard alloy
under the action of a pulsed magnetic field is established. The main factors affecting the change in the
wear resistance of a hard alloy under the action of a pulsed magnetic field are identified. The effect of
pulsed magnetic field processing on the performance of carbide cutting tools under production
conditions is investigated. The effect of hardening on productivity, cost of operation and instrumental
costs is established. The interrelation of the parameters of the PMFP, the parameters of the process of
machining parts and production efficiency is investigated. A statistical model has been developed that
allows determining the productivity of mechanical processing depending on the properties of the tool
material and the processing parameters of a pulsed magnetic field.

Keywords: pulsed magnetic field processing; carbide tools; heavy machine production tests;
sustainability; magnetic field strength; pulse frequency; performance.

Introduction

An important task is to improve the tooling of new machines for high-
precision productive machining of difficult-to-machine materials by applying the
latest tool strengthening methods. An analysis of different methods for enhancing
the physical and mechanical properties of hard-alloy tool materials showed that the
best combination of cost and production efficiency was observed with the pulsed
magnetic field machining method. In this study, metal machining efficiency was
evaluated in terms of objective functions which characterise productivity Q, cost C
and tooling cost S depending on tool resistance and cutting modes. In these
functions, the influence of tool resistance dissipation was also taken into account. It
is established that in hard conditions of cutting it is reasonable to optimize a cutting
mode taking into account the dissipation of the tool resistance. As in production
conditions the tool resistance dissipation takes place, the cutting conditions should
be prescribed in order to ensure the durability with a given reliability P.
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This resistance is called gamma percent resistance and is determined with the help
of tool failsafe operation graphs, compiled by the results of observations of tool
operation. The use of machining by pulse magnetic field of hard-alloy tools
increases the value of optimal feed by a factor of 1.2-1.3.

As the industry develops, the demands on machine tools, increasing precision
and quality of their manufacture, and the introduction of new, stronger materials
that enable higher levels of performance are increasing. An important task is to
improve the tooling of new machines for high-precision productive machining of
difficult-to-machine materials through the use of the latest tool strengthening
methods. One of the perspective technologies for increasing strength, service life
and operational properties of metal products for various fields of technology is
machining with a pulsed electromagnetic field.

This is particularly relevant for hard-alloy cutting tools. It is well known that
hard alloys have, on the one hand, a high heat resistance, which allows cutting
tools to operate at high cutting speeds. On the other hand, hard alloys have a low
bending strength, which limits their ability to work in previous, roughening
operations, where the tool is subjected to shock loads, which are generated by
workpieces made by casting or forging methods, abrasive dust, unevenness of
assumptions, etc.

Analysis of different methods of improving the physical and mechanical
properties of hard-alloy tool materials has shown that the best combination of cost
and production efficiency is observed in the method of machining by pulsed
magnetic field (MPMF). The essence of MPMF is that the metal-cutting tool
before machining is placed in a cavity of a magnet connected to a pulse generator.
Under magnetic influence the metal changes its physical and mechanical
properties. The magnetic pulse field interacts with the metal-cutting tool material,
changing its thermal and electromagnetic properties and improving its structure
and performance. Improved properties in metal-cutting tools are achieved by
directing the free electrons of the material by an external field, resulting in an
increase in the thermal and electrical conductivity of the material. The main
advantages of MPMF are: strengthening of metal-cutting tools of any design,
simplicity of technological tooling and absence of consumables, environmental
friendliness, low cost [1-5].

To implement the MPMF process, a control unit is used to set the workpiece
machining modes, i.e. to set certain parameters of the magnetic energy and the
duration of its effect.

The process which is connected with metals machining with cutting, by
definition of Prof. M. Klushin, is a system of cutting, which consists of elements,
which in our case are separate processes. The state of the system is characterized
by a selection of values of a number of variables (factors, indicators), and the
behavior of the system - a sequence of states in time.
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Experimental procedure

The system has the property of relative resistance in the sense that it is
maintained only within certain limits of variation of its variables. For our case -
previous machining of metals with hard-alloy cutting tools that are reinforced with
MPMF, the system is represented in Figure.l as a relationship of parameters that
characterise the machining process and production efficiency from MPMF.
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Figure 1 — Relationship between machining parameters and production
process efficiency during the use of MPMF

Figure 1 provides recommendations from determining the coefficient of
variation of tool resistance KT, Weibull distribution parameter y, gamma percent
tool resistance T, depending on given cutting modes v and S, as well as reasonable
values of company efficiency indicators: productivity Q, cost price C and tool costs
S. The sequence of connections is defined by arrows.

Due to its autonomy, the mentioned system may be considered as a
subsystem or an element of a wider system. The study of the system is carried out

5



ISSN 2078-7405 Cutting & Tools in Technological System, 2021, Edition 95

by changing external influences on it "at the input" and studying its response "at
the output”, which are commonly referred to as functions of the system or
parameters of its functioning.

The system state variables in the mentioned case are:

1. The material that is machined, its properties: hardness, strength
boundary;

2. The machining operation - removed assumption, reference surface
condition, cutting conditions;

3. Cutting tool - tool material (composition, properties), geometric and
structural parameters;

4. The stiffness of the system, its dynamic properties;

5. Parameters of the MPMF - strength of magnetic field, frequency of
pulses.

The results of system functioning were considered as follows:

1. Resistance of the cutting tool, gamma percent resistance;
2. The variation of resistance;

3. Machining performance;

4. Cost of operation;

5. Tooling costs.

Each of the parameters of system functioning is more or less influenced by all
the variables of its state, as well as their mutual influence. In general, the system
under consideration is characterized by a large number of possible states and
numerous links between its elements, i.e. it is a complex system.

Since at this time the real physical content of the mechanisms through which
the interaction of the system's state variables on each of its indicators is carried out
remains revealed only in the main features, the relationship between the parameters
will be defined in the form of statistical models, which characterize the relationship
between the main variable factors of the system and the parameters that
characterize the efficiency of production.

Let us present the factors that influence the functioning parameters for such
groups:

1 group. Factors that characterize the design and geometric parameters of the
tools:

- front angle v;
- posterior angle a;
- The main angle in the plane o;
2 group. Factors that characterise the quality of tool construction:
- Rear surface roughness Rsn;
- roughness of the front surface R,
- Hard alloy hardness boundary o,
3group. Factors that characterise workpiece quality are:
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- unevenness of assumption in the workpiece hs;
- hardness of the machined material HB;
- strength limit of the machined material o,;
- yield strength of the machined material or;
4 group. Factors which characterize the MPMFP process:
- magnetic field strength H;
- pulse frequency f;
5 group. Factors which characterise properties of the tool material:
- HRC hardness;
- durability;
- Red resistance.

The factors given in groups 3 and 5 were not considered because no
information could be obtained at the time of screening regarding factors in the
production environment that would allow to establish a correlation with tool
resistance.

Theoretically, any space can be considered. In practice, this involves more or
less time spent on the state of the programme and analysis of the results.

In a first step, a correlation analysis was carried out to screen out the factors
beforehand. Behind the dimensions of the correlation characteristics, the density of
the correlation between the resistance and the factors can be established and those
factors that have the strongest correlation with the tool resistance within its
dispersion range can be singled out.

Since there can be both a linear and a non-linear connection between the
factors considered and resistance, a correlation relation was used to assess the
closeness of this relationship, which was determined using the formula:

@)

where ¢? = %Z@ — )3,
77, — group average.

The data for the correlation analysis were obtained under production
conditions by testing . Table 1 shows the values of the correlation relations
between the resistance and the technological factors, which are calculated
according to formula 1.

As can be seen from Table 1, the correlation relationships between resistance
and such factors as front angle, main angle in plan, percentage of tungsten carbide
has a value from 0.09 to 0.18. This demonstrates that the marked factors have
insufficient closeness to the resistance within its dispersion range and, therefore,
will not be taken into account further.
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Table 1 — Correlation relationships between tool resistance and technology factors

Factors that affect resistance Correlation ratio
1. Front angle y 0,18
2. Main angle in plan ¢ 0,16
3. Percentage of tungsten carbide WC 0,09
4. Magnetic field strength H 0,48
5. Pulse frequency f 0,35
6. Percentage of cobalt C, 0,42
7. Hard alloy strength limit g 0,34

The above results of the analysis, although it made it possible to narrow the
description space to 7 factors, but did not allow us to identify the dominant factors,
so the next stage was to calculate the correlation coefficient between the factors
using the expression:

O TP e R ey
k=1'"‘ik th JkT Mk (2)
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where i, j — the numbers of the factors between which the inter-correlation
coefficient is calculated,;

Xik, Xjk — pair of factors in question;

X, , X, — average values of the factors.

il

1 |
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The significance of correlation coefficients was assessed using Student's

criterion :
Il = —=2—. ®
\|t§p+n—2

It should be noted that if the calculated value of the correlation coefficient r
turns out to be greater than the assumed value (14), then the mutual influence of
the pair of factors xi and xj cannot be neglected.

The statistic which characterises the contribution of any factor to the total
variance was the assumed variance of the normalised value of that factor. The
factors were normalised by this transformation:

J‘_ik_ximﬂx"'ximi?z
Xix = —rmarTimm @)
2
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where xi is the current value of the factor in physical terms;
X _imax, X _ imin - maximum and minimum value of the ith factor.

The marked transformation allows all properties to be reduced to a single
scale and provides the opportunity to compare them from each other. The variance
of the normalised values was determined by the formula:

n e =2
J{xi}zzkzﬂii{1 o) (5)
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Figure 2 — Diagram of the relationship between factors and the relationship
of factors to resistance

Figure 2 shows a diagram of the relationship between the factors and the
relationship between the factors and resistance. The sizes of the variances of the
normalised values in circles are shown for the main attributes. The lines that
connect the attributes correspond to the highlighted relationship. The size of the
latter can be judged by means of correlation coefficients, which are shown in the
marked scheme.

Thus, the preliminary studies suggest that the dominant factors are the
magnetic field strength H, the hard alloy strength boundary ov, the cobalt content
in the C, hard alloy, and the pulse frequency f.



ISSN 2078-7405 Cutting & Tools in Technological System, 2021, Edition 95

As a model to describe the dependence of machining performance, which was
defined by formula, on the variation of magnetic field strength x; (H), pulse
frequency x; (f), cobalt content in the hard alloy xz (Co), hard alloy strength limit x4
(o), the first degree equation with interactions was applied:

Y = bo+ baxa + baxz + bsxz + baXs + D12X1X2 + D13X1Xs + D1aXaXs + D2sXoxz +
+ D2gXoXq + DaaXaXs + + D12aXaXoXs + D23aXoXsXa + D134X1XsXe +
+ D124 + X1XoXa + D1234X1X2X3Xa. (6)

The above equation can be obtained by varying each of the factors x; at the
upper Xy and lower xin levels, which differ from the base level xio by the size of
the variation step +AXx;.

A complete factor experiment of the form 24 has been adopted as the basis of
the experimental plan, where 2 is the number of levels (upper and lower) of
independent variables; 4 is the number of independent fungible variables.

This plan allows for all possible unrepeated combinations of levels of
independent variables, each of which is forced to vary at two levels.

To simplify the calculations, the independent variables were coded by the
transformation formula :

z =0 Y]

The size of the lower and upper level and, respectively, the size of the
variation step for each variable had the following values:

— H: X1,= 0,8:10° A/m, X1,= 1,3-10%° A/M, Ax1= 0,25;

—f: X2,= 5 Hz, x2,= 10 Hz, Axo= 2,5;

— Co: X3, = 6 %, X3, = 10%; Ax3 = 2;

— 04 X4n=15,1-108 Pa, X4 = 6,3-108 Pa, Axs = 0,6.

Each row shows the levels of values of the variables that have been assigned
to a particular point in the factor space.

The coefficients of the interproximal function were determined by the
formula:

Z;':z: Cimm
b, = + (8)

Mathematical model of dependence of machining capacity on parameters of
change of magnetic field strength x1 (H), pulse frequency x. (f), cobalt content in

hard alloy xs3 (Co), hard alloy strength limit x4 (o4) according to results of
conducted test can be written in the form:

y =2,795 + 0,828z + 0,025z, + 0,358z3 + '0,36924 — 0,006z5 +
+0,115z¢ + 0,12627 + 0,0162zg +0,02729 — 0,148210 — 0,117213 +
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+0,145z1, — 0,102z13 — 0,019214 — 0,049215 . (9)

Conclusions

1. It has been established that the use of pulse magnetic field machining
improves the optimum resistance by a factor of 1.4-2.

2. For tools, which work in conditions of heavy cutting, use of pulse
magnetic field machining promotes increase of optimum feed by a factor of 1,15-
1,3 times.

3. Using the factor analysis of 24, type, the dependence of machining
productivity of cutters, which are reinforced with MPMF, from intensity of
magnetic field H, hard alloy strength limit ov, cobalt content in hard alloy Co,
pulse frequency f was determined
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Biktop KoBansos, ['anuna Kinumenko, Slna Bacunbuenko, Makcum IllanoBanos,
Onecs Annudeposa, Irop Maiicekux, KpamaTopcbk, Ykpaina

PE3YJBTATHU NPOMUCJTOBUX BUITPOBYBAHb
TBEPJOCIIVIABHOI'O PI3AJIBHOI'O IHCTPYMEHTY
OBPOBJIEHOT'O IMITYJIBCHUM MAT'HITHUM ITOJIEM
I BII'IUB HA NIIBUINEHHA E@OEKTUBHOCTI ITIPOLHECY PI3AHHA

Anorauis. [locmasneno, Haykoso o6IPYHMOSAHO Ma GUPIWEHO 3a60aHHs NIOSUUJeHHs edeKmUEHOCM
00pobKU  Oemarnell HA BANCKUX GEPCMAMAX WUIAXOM 3MIYHEHHS MEEPOOCHIA6HO20 ITHCIPYMEHNY
00pobkoro imnyaschum mazHimuum noaem (OIMII). Jlocniosxceno 3Hococmitikicms meepooCniagHux
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pizanvhux incmpymenmis, smiynenux OIMII, 3 euxopucmanusm memooie gopcosanux eunpodyeans ma
Mooenosannsn npoyecy pizanus. Bemanosneno mexanizm 3minu eracmugocmeli meepoozo Chiagy nio
BNIUBOM  IMNYIbCHO20 MARHIMHO20 NOoJA. BuséneHo OCHO6HI YUHHUKY, WO 6NAUBAIOMb HA 3MIHY
3HOCOCMIUKOCIME MEepO020 CRIABY N0 6NAUBOM IMIYIbCHO20 MAZHIMHO20 NOJAL.

Jlocniooceno  eniue  00pOOKU  IMRYIbCHUM — MACHIMHUM — NOJEeM  HA  NPAYye30amuicns
MBepOOCHIABHO20 PI3ANLHO20 THCIMPYMEHNY Y UPOOHUYUX YMO6ax. Becmanoeneno ennus 3azapmyeanis
Ha NpOOYKMUBHICHb, 8apmicmb ekcniayamayii ma HempymenmanvHi eumpamu. IIpoeedeno oyinky
eghexmusHocmi  06POOKU  Memanié pi3aHHAM 34 YIIbOBUMU QYHKYIAMU, WO XAPAKMEPUIVIOMb
npodykmusHicme Q, cobisapmicmv C i iHCMPYMEHMANbHI gumpamu S 8 3a1edHCHOCHI 8i0 cmitikocmi
iHcmpymenmis I pedicumie pisanHs. YV yux (DYHKYIsX 6paxosyeanocs MmMakoic 6NIuUs PO3CIHO6AHHS
cmitikocmi iHcmpymenmie. Oyinka epekmugHoCmi 0OPOOKU MeMAnie PI3aHHAM 003604UNA 6CIMAHOBUMU
NIOBUWEHHS. ONMUMATLHOT cmitikocmi incmpymenmis, 3miynenux OIMIT ¢ 1,4-2,5 paszu, a makodic
damu  NPAKMuyHi  PeKOMEHOAyii w000 BUSHAYEHHs ONMUMANbHOI nooadi. Bukopucmogyiouu
pe3yibmamu  UpOOHUNUX GUNPOBY6AHb, HA OCHOSI NPUHYUNIE CUCEMHO20 NIOX00Y NpedCcmAagieHO
830€MO36'130K napamempie Mexaniunoi 06podku i egexmusnocmi UpPOOHUYO2O npoyecy npu
surxopucmanni OIMII. Po3pobaeno cmamucmuuny mMooens, wo 00360J18€ GUIHAYUMU NPOOYKMUBHICTD
MexXaniyHoi 06poOKu 3a1edCHO 6I0 IaCmMUBOCHell THCMPYMEHMATbHO20 Mamepiaty ma napamempis
00pOOKU  IMNYAbCHUM MaHIMHUM nofem. Ilicist oyinKu KOpersyiiHux GiOHOUleHb 304 OONOMO2O0
NOBHO20 (haKMOPHO20 eKCnepuMennty Oyia GU3HAYEHA 3ANEedNCHICIb NPOOYKMUGHOCmi 06poOKu
SMIYHEHUMU PISYAMU 6I0 OOMIHYIOUUX YUHHUKIG: HANDYICEHOCMI MACHIMHO20 MO, Medlci MiyHocmi
meepoo2o Cniasy, 6Micny Kobambmy 6 meepooMy CHAAsl, Yacmomu iMHYAbCI8, AKA MA€ NPAKMUYHe
3aCMOCY8aHHA.

Kn1040Bi cl10Ba: 00pobnents iMnyibCHUM MASHIMHUM NOAEM; MEEPOOCHIAGHUL THCTNPYMEHM, BAIICKUL
gepcmam; GUPOOHUYI GUNPOOYBAHHA, CMINKICMb, HANPYIICEHICMb MACHIMHO20 NOJA; Yacmoma
IMRYbCI8; NPOOYKMUBHICTb.
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