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Abstract. The article shows the developed installation for determination of temperature of 
maximum operability of replaceable cutting hard-alloy plates on the basis of study of change of 
electromagnetic properties. The method of research is given. Tests of images were carried out to 
time of heating of the replaceable cutting plates from solid B35 alloy. The heating temperature 
interval was selected according to the temperature mode of the process of cutting difficult 
materials. Heating was carried out to 1000˚ C. The results of the study were obtained to determine 
the temperature of maximum operability of replaceable cutting hard alloy plates based on the study 
of the change in electromagnetic properties for alloy В35 amounted to 460-730 ° С. 
Introduction 
Today, under the conditions of sanctions, the Russian Federation needs more than ever the 
development of energy-saving technologies in various industries. 

Metallurgy does not stand still, recently new brands of materials have appeared that have 
characteristics in terms of strength, hardness, ductility, heat resistance many times superior to their 
analogues, for example, Russian grades of alloys such as GDP, American "martensite." 

Studies have shown that the selection of tool material, as well as the assignment of processing 
(cutting) modes, are the main problems in the processing of steels and alloys included in the group 
of difficult-to-process materials [1]. 

When assigning cutting modes for new materials, tool companies conduct tests for destruction 
of replaceable cutting inserts during cutting, and the obtained numerical values are published in 
catalogs [2]. But as practice shows, these numerical values do not always correspond to optimal 
cutting modes. In practice, the mode conditions for the tool are divided into machinability groups 
[3]. 

In their works, the problem of ensuring the fullest life of a cutting tool from various positions 
was studied: Vasin S.A. [4], Grigoriev C.N. [5], Coarse S.V. [6], Carceanu, I., Cosmeleat.0., G. 
[7], Ferri, C. [8], Kümmel, J. [9], Munish Kumar Gupta [ 

A literature analysis of the work of world-renowned scientists in the field of mechanical blade 
processing of metals by cutting showed that the temperature factor has a resulting effect on the 
cutting process of difficult-to-process materials. [4-18]. 

Tool materials (IM), like other materials, have physical and mechanical properties that can 
change under the influence of external factors. These properties have a decisive effect on the health 
and resource of the tool made of these materials. Studies have shown that the physical and 
mechanical properties of tungsten hard alloys in the process of operation, namely in the process of 
cutting hard-to-process materials under the influence of high temperatures, vary symmetrically 
[19]. The study of the processes inside the tool materials, including tungsten hard alloys, will 
allow, on the basis of a scientifically sound method, to determine and assign the operating modes 
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of this material taking into account its internal changes. This will increase the life of the cutting 
tool and create conditions under which the cutting tool will have maximum cutting properties when 
processing difficult materials [20]. 

The purpose of the work: to conduct research on the change in the electromagnetic field of eddy 
currents arising in replaceable cutting plates made of tungsten hard alloy B35 in the temperature 
range characteristic of the cutting process. 

To achieve the goal, the following tasks were set and solved. 
1. Carry out a literary review, as well as an analysis of existing work on the problem of rational 

selection of a tool material, as well as the purpose of cutting modes. 
2. Conduct experimental studies of the change in the electromagnetic field of eddy currents 

occurring in solid alloys B35 under the influence of high temperatures characteristic of the cutting 
process. 
Research methodology 
To solve the second problem, it is necessary to conduct laboratory studies of changes in the 
magnetic field of eddy currents arising in replaceable cutting plates made of tungsten hard alloy 
B35. An analysis of existing solutions showed that such devices that meet our requirements do not 
exist. One of the requirements for the device is the possibility of using a replaceable multifaceted 
hard alloy plate as a test sample in the delivery state, to maximize the approximation of the results 
to real conditions. 

During the development of the laboratory plant, a literary review was carried out, which showed 
that at the moment non-destructive testing methods of technological facilities have been widely 
used. 

The "eddy current" [21] method of nondestructive testing is suitable for studies of internal 
changes occurring inside tool materials), with the possibility of testing samples in the state of 
supply (replaceable cutting hard alloy plates (SMTP). This type of nondestructive testing will 
allow conducting studies on samples in the form of replaceable cutting inserts in the state of supply, 
which allows reducing the time for the production of special samples. Also, this advantage allows 
us to bring the conditions in which laboratory studies are carried out closer to real conditions. 

As the test images, SMTP from instrumental hard alloy B35 in the delivery state were chosen. 
The research was carried out at a special laboratory installation, which was based on the eddy 

current method of non-destructive testing. The diagram of the proposed installation is shown in 
Figure 1. The laboratory plant is a system of instruments for measuring changes in the magnetic 
field of eddy currents arising in ferromagnets. 
Results and discussion 
It is recommended to use SMTP as the test objects in the delivery state, since the dimensions of 
the used coil with heat-insulating coating are limiting. When changing the coil, it is allowed to 
examine other forms of factors on samples. 
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Fig. 1. Scheme of the plant developed by the authors to determine the temperature of maximum 

operability of replaceable cutting hard alloy plates by electromagnetic properties: 1- Self-
oscillating circuit; 2-Housing; 3-Coil; 4- PCB; 5- Power supply; 6- Transistor; 7- Capacitor; 8- 

Resistance; 9 - Thermometer; 10 - Voltmeter; 11- Replaceable cutting insert. 
 

The unit includes self-oscillating circuit (AC) and instrument board. To measure the 
quantitative complex characteristic of the change in the magnetic field of BT (eddy currents), a 
multi-voltmeter is used, and a digital thermometer was used to measure the state of temperature 
throughout the experiment. Electronic part of device represents electronic circuit consisting of two 
series-connected capacitors, resistance, transistor and power supply unit. AK is made in the form 
of autotransformer, like eddy current converter excitation winding. The winding is coated to 
prevent damaging effect of object heating and destruction of the winding itself. 

Tests of the samples were carried out during heating of replaceable cutting inserts made of 
tungsten hard alloy B35. 

The heating temperatures were selected in the range up to 1000˚ C. The studies were carried 
out as follows. The sample was heated, in our case the sample is a replaceable cutting hard alloy 
plate in the supply state. Then magnetic field is applied to analysed sample by non-contact method. 

Changes in values indicating internal changes of the hard alloy are recorded on the voltmeter. 
The results are displayed on the PC monitor screen. 

Based on the results of experimental studies, tables of the results were compiled. In them, with 
an interval of 10˚S, the corresponding values of the magnetic field of eddy currents induced in 
replaceable cutting plates made of tungsten hard alloy B35 are indicated. 

Using the capabilities of the mathematical apparatus of the MS Excel software product, the 
polynomial dependencies of the obtained data on the heating temperature were built, shown in 
Figure 2. The temperature range (Q) (Figure 3) in which the experimental studies were performed 
corresponds to the temperature range characteristic of the cutting process. 
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Fig. 2. Obtained one-parameter dependence of change of AK EMF values during the alloy 

experiment B35 under the influence of temperatures 
 
The obtained graphical dependence, where a polynomial is selected as the approximating curve, 

is processed according to the rules of engineering studies, in accordance with 5% of the error 
allowed for such calculations. 

To determine the boundary of the temperature range, a special technique is used. From the value 
of the maximum magnetic field, a 5 percent interval is deposited. A line parallel to the temperature 
axis is drawn through this point through the entire graph field. The points where the line intersects 
the line (which) of the graph are taken to be outside the range you want. From the obtained points, 
we draw projection lines on the temperature axis. The obtained temperature interval is taken as the 
interval of maximum life of replaceable cutting inserts made of hard alloy B35. 
Conclusions 
It is allowed to use the tool in the entire temperature range, but from the technological point of 
view, it is recommended to adhere to the maximum temperature, since it corresponds to the 
maximum permissible cutting speed. 

During the work, experimental studies were carried out on changing the electromagnetic field 
of eddy currents arising in solid alloys of grade B35, under the influence of high temperatures 
characteristic of the cutting process, which made it possible to obtain a temperature interval for 
changing the electromagnetic properties of 460 ÷ 730 ° C. 
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