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Summary. The work is devoted to the creation and implementation of a cutting tool made of carbide
material with increased operational properties. The reinforced tool is reliable and durable. Increasing the
efficiency of the cutting tool for cutting carbides for heavy machine tools is performed by processing pulsed
magnetic field. It has been established that processing by a pulsed magnetic field contributes to the durability and
durability of tool material during roughing cutting.
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Statement of the problem. The efficiency increase and development of heavy
machinery is possible on the basis of the equipment operation intensification, the introduction
of advanced technological processes, automation and mechanization on the basis of the
implementation of the latest achievements in science and technology.

Solving these tasks in metalworking requires the creation and implementation of high-
performance carbide cutting tool with increased operational properties having high reliability
and durability. The «tool-part» system is one that is defined as extreme loaded — conditions of
its operation are high temperatures and ultrahigh static and cyclic contact loads. «Extreme» of
such a system increases while machining on heavy machine tools, the essential features of
which are the large dimensions of machined parts (cylinders, shafts, rods, bandages up to
24000 mm and more with diameter up to 5000 mm, weighing up to 250 tons); large depth of
cutting (15...20 mm) and feed (up to 3 mm); high cost billets; long cutting way; high production
costs associated with the cost of unique equipment; uneven allowances [1]. Increasing the tool
resources while machining on heavy duty machines is extremely important due to the
considerable cost of heavy machines and the need to reduce idle time when replacing the tool,
as well as the high cost of the hard-alloy tool itself.

Analysis of the availabe investigations. Analysis of the tool failures during machining
on heavy machine tools shows that along with the tool failure due to wear, up to 80% of failures
result in brittle fracture of the cutting part of the hard-alloy plate, which manifests itself in the
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cutting edges microchipping and cutting part shearing [1]. This is due to the fact that the large
values of the cut thickness cause the increase in size and range of tension stress action on the
front tool surface, while the structural bending strength differs substantially from that obtained
on standard samples and depends on the grains and porosity of the hard alloys, the content of
cobalt, and the surface condition of the cutting plate. Analysis of the tool failures also revealed
the heterogeneity of the degree of degradation of various sections of variable plates of cutters
and mills characteristic for heavy machine tools.

Analysis of various methods for improving the physical and mechanical properties of
hard alloy tools prove that the application of these methods allows to increase the tool wear
resistance, but does not allow to reduce costs significantly. In many cases, these methods are
uneconomical and inappropriate due to the loss of other valuable properties, particularly the
material strength or toughness. Therefore, the development of new progressive methods of
strengthening the cutting tool is the first task to increase the metalworking tool life.

Trends of solving the problem of lengthening the resource of tools for heavy machinery
are to provide surface and bulk strength [4, 5]. Ways of obtaining tool materials with the
complex of necessary under the conditions of processing on heavy machine tools characteristics
is processing technology by impulse magnetic field [2, 3]. The histogram is constructed In
accordance with the methodology for calculating production costs and production efficiency

(Fig. 1).
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Figure 1. Histogram of dependence of costs and production efficiency on methods of strengthening cutting tools
made of hard alloy hard alloy to destination K20 (ISO classification):
1 — constructive methods; 2 — reinforcement by mechanical defamation;
3 — application of wear-resistant coatings; 4 — pulsed laser processing;
5 — plasma-arc reinforcement; 6 — radiation strengthening; 7 — ion doping;
8 — surface laser reinforcement; 9 — processing by a pulsed magnetic field

As can be seen from Figure 1, the best combination of cost and production efficiency is
observed in the impulse magnetic field processing method. High efficiency is due to the volume
character of the strengthening [4, 5].
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The objective of the paper is to increase the operational resource, reliability, durability
and wear resistance of hard-alloy cutting tool due to impulse magnetic field processing (IMFP).
Statement of the problem. To accomplish this objective, the following tasks were
solved:
- to investigate the wear resistance of hard-alloy cutting tools after IMFP by means of
forced testing methods and cutting process modeling;
- to determine the mechanism for changing the properties of hard-alloy under the action
of magnetic impulse processing;
- to identify the main factors influencing the change of the hard-alloy wear resistance
under the action of magnetic impulse processing;
- to investigate the influence of the impulse magnetic field processing on the efficiency
of hard-alloy cutting tools under production conditions;
- to determine the impact of strengthening on productivity, operation cost and
instrumental costs;
- to investigate the interconnection of IMFP parameters, the parameters of the
machining process and the efficiency of production.

Research methodology. The increase of the working capacity of the hard-alloy cutting
tool for heavy machines is carried out in this paper by the impulse magnetic field processing at
the installation consisting of the impulse generator with the power supply and inductor. The
impulse generator and power supply are made in the form of a separate electric rack. The
inductor is connected to the generator by cable.

Technical characteristics of the generator are given in Table 1. The technological
parameter of the control unit is the operating voltage of the installation (discharge voltage of
the capacitor the chains of magnetic field pulse generation), displayed by a special device on
the front of the generator block.

Table 1

Technical characteristics of the complex for IMFP

Complex parameter Parameter value
Range of magnetic strength field i n5 i n5
EMBED Equation.3, A / m 0,2:10°=2,2:10

Operating voltage 100-900 V
Inductor inductivity 225 uH
Frequency of impulses passing 1-10
EMBED Equation.3, Hz

Impulse duration 60

EMBED Equation.3, ms

Investigation of the stability of hard-alloy cutting tools after IMFP was carried out using
forced test methods that allow to shorten the test time, the cost of tool and workable material.
Method of stepwise increase of cutting modes (feed and cutting speed) make it possible to
realize the principle of extrapolation by load (gradual increase in the load on the strength and
speed of wear of the instrumental material).

The tools testing by the method of stepwise increase in cutting speed was to determine
the cutting speed at which the wear reached the standard blinding criterion. Dependence of the
tool wear rate Vu on the cutting speed V were derived. It was found that at lower cutting speeds
the wear rate for tools after the IMFP strengthening were 2 — 2,3 times lower in comparison
with non-strengthened tools. With further increase in the cutting speed, the wear rate increases.
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Testing of instruments by the stepwise increase in feed was to determine the supply, the
achievement of which causes the cutter cutting part fracture. These tests showed the increase in
the marginal feedrate of 1.5 — 2.2 times for instruments after IMFP. Were there comparable to
unbreakable tools. With a further increase in the speed of cutting, the wear rate increases.
Instruments test by a stepwise increase in feed was to determine the supply, the achievement of
which causes the destruction of the cutting part of the cutter. These tests showed 1.5 — 2.2 times
increase in the limit feed rate for instruments after IMFP. Instrument tests were also carried out
by the method of continuous increase of the cutting speed (the final sharpening method). The
forced tests showed that after IMFP strengthening, the instruments have higher stability in the
areas of low cutting speeds and high feedings, that is, at rough metal processing [6].

The IMFP influence on physical and mechanical factors determining the cutting ability
of hard alloys during roughing were also considered. The strength and abrasive wear resistance
of hard alloys to destination K20, K30, P30, P10 (ISO classification) were investigated using
simulation methods. At the same time, it was taken into account that during roughing by hard-
alloy cutting tools large loads were acting, which due to the low strength of the hard alloy, result
in the cutting tool wedge fracture. The tool surfaces are subjected to various workpiece abrasive
inclusions, and, therefore, abrasive wear became decisive.

It was determined that IMFP contributes to 1,2 times increase of hard alloy material
strength and to the reduction of its strength variation coefficient by 2 times. For hard-alloy
cutting tools after IMFP strengthening the increase of abrasion wear resistance in 1,3 —1,4
times and the decrease of its variation coefficient in 1,8 — 2,3 times are characteristic. The use
of simulation methods made it possible to determine the influence of hardening modes on hard
alloy wear resistance.

The IMFP influence on the physical and mechanical factors determining the cutting
ability of hard alloys during roughing was considered. The strength and abrasive wear resistance
of hard alloys to destination K20, K30, P30, P10 (ISO classification) was investigated by means
of simulation methods. It was taken into account that during roughing the hard-alloy cutting
tools on heavy machine tools there are large loads that due to the low hard-alloy strength result
in the cutting tool wedge fracture. In this case, the surface of the tool is exposed to various
abrasive workpiece inclusions, and, consequently, from all types of wear the abrasive wear is
defining one.

In order to evaluate the strength of the instrument cutting part, the samples were tested
under the console bending. The samples were made according to the shape of the corresponding
geometric form of the cutting tool made of hard alloys. The samples loading was carried out on
the testing machine in the direction of action by the main component of the cutting force Pz. It
is well known that in rough processing, the probability of the tool fragile fracture directly
depends on the thickness of the cut layer, so the ratio of the fracture load to the contact area
was taken as the criterion of strength.

The tests results (Fig. 2) showed that the strength of the material after IMFP increased
by 1.12 times, and when processed on the inductor number 2 (with increased power) —
1.14 — 1.22 times. For the samples after IMFP, the coefficient of strength variation reduced
by 1.2 times.

ISSN 2522-4433. Bicuux THTY, Ne 4 (92), 2018 https://doi.org/10.33108/visnyk_tntu2018.04 ................c..cccc.co..... DD


https://doi.org/10.33108/visnyk_tntu2018.04

Increase the productivity of hard-alloy tools for heavy machine tools by processing impulse magnetic field

Os, |

610
MPa M \

570 — \

1
2
530
4
490
0 150 300 450 600 U V
0.8 1,3 1.8 Hoptiman 10°-A/m

Figure 2. Dependence of the strength on the console bend after IMFP on the inductor number 2:
1-P30; 2 - P10; 3 - K30; 4 — K20 (ISO classification)

The same results (Fig. 3) were obtained during the tests under the concentrated load
action on the sample located on two supports. The bending strength value increased
by 1,2 times and the coefficient of strength variation decreased by 2 times.
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Figure 3. Dependence of flexural strength under the action of a concentrated load:
1-P30; 2 - P10; 3 - K30; 4 — K20 (ISO classification)

The resistance of the tool materials K20, K30, P30, P10 (ISO classification) to abrasive
wear was investigated. Test results (Fig. 4) showed that for samples after IMFP there is
1,3 —1,4 times decrease in the wear value and 1,5 times decrease in the coefficient of wear
variation.
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Figure 4. Influence of IMFP on abrasive wear of hard alloy K20 (ISO classification):
1 — coefficient of variation of wear; 2 — the average value of wear

The carried out tests made it possible to find optimal strengthening modes and set the
impulse frequency where the strongest effect occur.

Thus, due to the tests results we established that IMFP allowed to increase the
characteristics of the material strength, as well as the homogeneity and the degree of uniform
distribution of defects by the body volume.

The production tests of the strengthened instruments under PJISC NKMZ conditions
were carried out. The ability evaluation was carried out according to the following indices:
average stability of tools 7, coefficient of wear resistance variation K7, gamma resistance
percentage 7, stability distribution density f (T), failure rate A (7), probability of failure-free
operation P (7).

The tests results showed that for hard alloy tools after IMFP, the average wear resistance
of tools increased 1.2 — 2.0 times, and the coefficient of wear resistance variation decreased in
1.3 — 3.1 times, which confirms previously obtained experimental results. Gamma resistance
increased more significantly. So with 0.9 probability this increase occurs
in 1.7 — 2.8 times indicating the relevance of using these tools on heavy duty CNC machines,
when the part length requires significant stability period.

The efficiency evaluation of metal processing by cutting was carried out by the target
functions characterizing the productivity Q, cost C and instrumental costs S depending on the
tool stability and cutting modes. The influence of the tool stability dispersion was also taken
into account in these functions.

The evaluation of the efficiency of metal processing by cutting allowed to determine the
increase in the optimum stability of cutting tools reinforced by IMFP in 1,4 — 2,5 times, as well
as to give practical recommendations for determining the optimal feed.

Using the results of production tests, based on the principles of the system approach, the
relationship between the mechanical processing parameters and the production process
efficiency while using IMFP was presented.

After evaluation of the correlation relations by means of the full factor experiment of 2*
type, the dependence of the productivity of machining by the cutters strengthened by IMFP was
determined from the dominant factors: magnetic field intensity A, hard alloy strength boundary
e, Cobalt content in the hard alloy Co, impulse frequency f, having practical implementation:
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Q =(-22,728 + 0,094H + 2,869 Co + 4,7717 0, +3,43 f + +0,003 f H C0-0,0144 H 0, —
0,7787f 0, -0,5983Co 0, -0,0892Hf-0,4846fCo + 0,0112 H fCo + 0,0973fCo o, +
+0,006HCoq, + 0,0209 Hf ¢, - 0,0026HfCo a) * 10°

Conclusions. The effect of volume strengthening with the impulse magnetic field
processing of the hard-alloy cutting tool designed for rough processing on heavy machine tools
is established.

The hard-alloy cutting tools tests proved that processing by the impulsed magnetic field
contributes to increasing the durability and wear resistance of the tool material during roughing,
that is, in the range of small cutting speeds and large feedings.

Tests of hard alloy samples with console bending showed that the tools subjected to
IMFP have 1,2 — 1,22 times increased strength, as well as higher homogeneity and uniformity
of the defects distribution according to the body volume.

Investigations on abrasive wear demonstrated that after processing by impulsed
magnetic field, the abrasive wear resistance of hard-alloy tools rose in 1,3 — 1,4 times and the
wear variation coefficient was reduced by 1,5 times.

The use of simulation techniques made it possible to determine the optimal modes and
conditions for strengthening, depending on hard-alloy type and geometric parameters of the
tool.

The use of IMFP allows to optimize the cutting modes based on processing
performance, operation cost and instrumental costs. It is determined that under difficult cutting
conditions it is reasonable to optimize the cutting mode by the feed size, taking into account the
tools stability dispersion. The application of the hard-alloy tools processing by impulsed
magnetic field contributes to the optimal feed value increase in 1,2 — 1,3 times with productivity
increase in 1,1 — 1,2 times.
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HIABUINEHHA TPOAYKTUBHOCTI TBEPJOCIIJIABHUX
IHCTPYMEHTIB UISA BA’KKUX BEPCTATIB IIIVIAXOM OBPOBKHA
IMITYJIBCHUM MAT'HITHUM ITOJIEM

Maxkcum [lIanoBasnoB; Bikrop KoBaaboB; SIna BacuibuyeHko

Jlonbacvka deporcasna mawunodyoiena akaoemis, Kpamamopcwk, Yrpaina

Pestome. Poboma npucesiuena CcmeopeHHIO Ul YNPOBAONCEHHIO MBEPOOCHIABHOZ0  PI3ANbHO2O
incmpymenmy 3 NIOBUWEHUMU eKCHIYAMAYIUHUMU  GLACMUBOCMAMY, SAKUU MAE GUCOKY HAOJIUHICMb i
0oseosiunicms. Iliosuwenns pecypcy iHCMpymMeHmy npu 0O0poOIeHHI HA BANCKUX 6epCMAmMAX € HAO38UHAUHO
BANCTUBUM BHACAIOOK 3HAYHOI 8APMOCMI BANCKUX 8epCmMAmie I HeOOXIOHICMIO CKOPOMUMU 4ac NPOCMOK ApU
3aMiHI IHCIPYMEHMY, d MAKONC 8eIUKOI0 8APMICMIO CAMO20 MEEPOOCHIABHO20 THCMpYyMeHmy. Anani3 pisHux
Memooie niosuujents QI3uKo-MexaniuHux 61acmueocmell MmeepOOCHIAGHUX [HCINPYMEHMALbHUX Mamepianie
NOKA3as, W0 3ACMOCYBAHHS YUX Memooi8, Xoua I 003801A€ OOMOSMUCA 30iIbUEHHS 3HOCOCMIUKOCMI
iHcmpymenmy, ane He 0dE MOMNCIUBOCHI CYMMEBO 3Husumu eumpamu. Ilidsuwenns npayezoamuocmi
MBEPOOCNIABHO20 DI3AILHO2O THCMPYMEHmY O/ GAJCKUX 6epCcmamie 30IUCHIOEMbCSA 3d PAXYHOK 00poOKu
iMRYIbCHUM MacHIMHUM nonem. Bcmanoeneno, wo 06podxa imnynbCHUM MASHIMHUM NOAEM CRPUSE NIOBULEHHIO
Miynocmi tl 3HOCOCMIUKOCI THCMPYMEHMANbHO20 MaAmepialy npu He3HayHux sumpamax. Bunpobysanns 3pasxie
3 MBEPO02O CHAABY NPU KOHCOTbHOMY BUSUHT NOKA3AIU, WO 3MIYHEH] THCIMPYMEHMU Malomb Ni08UWeHT MiyHOCI,
a maxkoxc euuyy OOHOPIOHICMb I PIBHOMIpHICMb po3nodiny degekmis 3a ob6csicom mina. [Jocniodxcenns Ha
abpa3zugne 3HOWYBAHHA NOKA3ANU, WO NICAA 0OPOOKU IMIYILCHUM MASHIMHUM Noiem Ni08UUWYEMbC abpa3ueHa
3HOCOCMIUKICIb MBEPOOCHAABHUX IHCIMPYMEHMI6 | sMeHuyembcs Koeiyienm gapiayii. Buxopucmanns memodis
MOOEN0BAHHA 00380IUN0 BCIMAHOBUINY ONMUMALbHI PEXCUMU 1 YMOBU 3MIYHEHHSL 3ANENHCHO BI0 MAPKU MEepO020
CNIAgy i 2e0MEemMpPUYHUX NApamMempis iIHCIMpYMeHmy.

3acmocysanns OIMII 00360156 onmumizygéamu pexcumu pPIi3aHHsA 3 NPOOYKMUBHICMIO 00poOKuU,
cobisapmicmio onepayii ma IHCMPYMeHMATbHUMU umpamamu. Bcmanoeneno, wo npu easxckux ymogax
PI3aHHA  OOYINbHO ONMUMI3YEAMU PENCUM DI3AHHA NO GeIUYUHI Noodaui 3 YPAXYEaHHSM PpO3CIHO8AHHS
cmitikocmi  iHCmpymMenmig.  3acmocysanHs 00poOKU  IMIYILCHUM — MASHIMHUM — HOJeM  MEePOOCHIABHUX
iHCmMpYyMenmi@ Ccnpusic NIOBUWEHHIO GeNUYUNHU ONMUMATbHOT nodaui ¢ 1,2 — 1,3 pasza, npu niosuwennui
npooykmusnocmi — 1,1 — 1,2 pas.

Knrouoei cnoea: smiynenns, meepoutl Cnias, 8adickuil eepcmam, iHcmpymenm, 00pooKa iMnyIbCHUM
MACHIMHUM NOJIeM, PeHCUMU PI3aHHS, NPOOYKIMUBHICTb.
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