
 

Determination of maximum working capacity of 
retrofittable cutters on the basis of physical-
mechanical features of tool hard alloys 

Evgeniy V. Artamonov1, Andrey M. Tveryakov1, Anton S. Shtin1,* 
1Industrial University of Tyumen, Tyumen, Russian Federation 

Abstract. This research is dedicated to the determination of maximum 
working capacity temperature of tool hard alloy cutters during a processing 
of parts by means of cutting made of hard-to-cut materials including 
assessment of possibility of  using  of tools made in Russian Federation 
without loss of the processing efficiency. 

1 Introduction 
Nowadays usually foreign metal-cutting tools of such manufacturers as: “Sandvik 
Coromant”, “Mitsubishi”, “Walter”, “Isсar” is used for the processing of different 
materials. It is impossible to provide industrial activity of the country without usage of 
equipment and tools of home manufacture under current conditions of penalties and import 
substitution.  

Today classified conditions for new hard-to-cut materials used in upcoming sec-tors of 
the industry of our country are chosen in correspondence with recommendations of 
manufacturing plants. These recommendations are quite general and do not provide 
maximum efficiency of mechanical processing of these materials. 

Scientists Vereshchaka A.S.[1], Grigor'ev S.N.[2], Kushner V.S.[3], Loladze T.N.[4], 
Makarov A.D.[5], Poletika M.F.[6], Silin S.S.[7], Uteshev M.H.[8], SHalamov V.G.[9],  
Neugebauer, R. [10], Zhang, H.[11] and others dedicated their papers to this problem. 

The research objective is to determine maximum working capacity of the cutting 
elements made of tool hard alloys. 

It is necessary to solve the following tasks in the furtherance of this goal: 
1. Conduction of literary analysis. 
2. Study known methods of the determination of maximum working capacity of the 

cutting elements made of tool hard alloys according to the physical-mechanical 
characteristics. 

3. Research of possibility of determination of maximum working capacity temperature 
of retrofittable hard alloy cutting elements on the basis of change of electromagnetic 
features of the tool hard alloys because of the temperature.  

The topic of this research is a cutting blade made of the tool hard alloy. 
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2 A description of the researches  
The literature analysis showed that the determinative factor in all interrelation of events 
during cutting of materials is a temperature-power factor in mix with physical-mechanical 
characteristics of a tool and processable materials [12], [13]. 

The ability of hard alloys to save high enough hardness and resist to distorting under 
high temperature in mix with satisfying endurance is an important advantage over other tool 
materials.  

Working capacity of the cutting tool is a condition at which the tool is able to conduct 
prescribed functions having wear and tear of working surfaces less than criterial [1].  

Nowadays there is variety of methods of determination of maximum working ca-pacity 
temperature of hard alloys according to physical-mechanical characteristics in a lab 
environment [12].  

Part of research dedicated to determination maximum working capacity tempera-ture is 
based on mechanical characteristics of tool hard alloys such as dependence of tensions 
intensity K1C and dependence of impact force KCV on a temperature [13].  

Mechanical characteristics react very good on structural changes caused by the 
temperature. That is a doubtless advantage of these methods.  

The main insufficiencies are (as earlier) a necessity of production of special sam-ples 
for tests, complexity of calculations. All these factors increase probability of errors in the 
determination of maximum working capacity temperature of the retrofittable car-bide 
blades. 

Another part of research is based on physical characteristics of the tool hard alloys that 
react also good on structural changes caused by the temperature. 

There is a method based on dependence of lgHV from the temperature. The insuf-
ficiency of this method is complexity of determination of lgHV and amount of error of the 
results. 

Electrical conductivity of hard alloys is also used to determine maximum working 
capacity temperature. 

The method of the determination of maximum working capacity temperature ac-cording 
to electrical conductivity features of the tool hard alloys is based on dependence of 
electrical conductivity of these tools from the temperature, see pic. 1 

 
Fig. 1. Dependence diagrams of electrical conductivity on the temperature of tool hard alloy WC- 8 
Co 

During the analysis of the diagram we receive a temperature band for alloy WC- 8 Co - 
630°-750°С, which corresponds to the lowest value of electrical conductivity and maxi-
mum working capacity of this hard alloy [14], [15], [16]. 
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The insufficiency of this method is a necessity to conduct mathematical calculations 
according to the results of the experiments and also impossibility to conduct tests on 
samples with a cover. Therefore we continued search of a temperature change sensitive 
characteristic of the hard alloy which also should be able to reflect condition of the alloy.   

3 Results and their discussion 
The hard alloy has features of electrical conductivity and electro-magnetic features at the 
expense of its chemical formula [14]. There-fore the following task of the research is to 
study a possibility of the determination of maximum working capacity temperature of 
retrofittable cutting elements on the basis of the dependence of the electro-magnetic 
features of tool hard alloys on the temperature. 

There was made a decision to create a new method based on a change of the electro-
magnetic features of the tool hard alloys and allows to conduct measurements of change of 
values of the characteristics by means of a noncontact method. This decision was made in 
order to clear insufficiencies found during the research of the known methods of the 
determination of maximum working capacity temperature. In the furtherance of this goal a 
special mounting was developed (pic. 2). This mounting consists of: a self-excited 
oscillator 1, a voltage meter, a spool 3, a retrofittable carbide blade 4. This mounting 
generates a magnetic field that stimulates eddy-currents on the surface of the retrofittable 
carbide blade.  

 
Fig. 2. A pattern of the new mounting for determination of maximum working capacity temperature 
according to the change of electro-magnetic features. 

Maximum working capacity temperature is determined by the change of values of the 
electro-magnetic field eddy-currents targetable in the retrofittable carbide blade made of the 
hard alloy tool in the temperature range specific to processing of metals by cutting. The 
fixation is conducted by an indirect method according to the changes of EMF (electro-
motive force) of a spool of a self-maintained contour with the cutting carbide blade made of 
the tool hard alloy and placed inside of the spool, shown on pic. 3. 
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Fig. 3. Dependence of the spool EMF of the self-maintained contour on the tem-perature of tool hard 
alloy WC- 8 Co 

The received temperature range for  single carbide hard alloy WC- 8 Co 530°-750°С, 
corresponds to the maximum values of the spool EMF of the self-maintained contour and it 
is a temperature range of the conditions of this tool alloy maximum working capacity, that 
correlates authentically with the above-mentioned method [5], [15]. Not only the received 
data matches completely with results of research of famous scientists but also allows 
authentically determine conditions of maximum working capacity of the carbide blades 
made of tool hard alloys without expensive wear tests. It fits to alloy of any manufacturers, 
both foreign such as: “Sandvik Coromant”, “Mitsubishi”, “Walter”, “Isсar” or native, such 
as “КЗТС”, (Kirovograd plant of hard alloys). 

4 Conclusions  

Therefore, literature analysis and study of all known methods of determination of maximum 
working capacity temperature showed that all the above-mentioned method fit well to the 
determination of conditions of maximum working ca-pacity of the tool hard alloys, but each 
of them has its own advantages and insufficiencies. The research of possibility of 
determination of maximum working capacity temperature of the retrofittable cutting hard 
alloy elements on the basis of change of electro-magnetic features of tool hard alloys in 
dependence on temperature showed that electro-magnetic fields of the tool hard alloys react 
well on temperature changes and the received temperature intervals correlate well with the 
results of the known methods. This research showed that the method of determination of 
maximum working capacity temperature according to the change of the electro-magnetic 
features allows to determine maximum working capacity temperature with no need for 
production of special samples and without additional mathematical calculations. Under 
current conditions of import substitution when a foreign tool is used for a processing of 
vital parts made of difficult to machine materials it is necessary to replace it with the home 
one. They are almost identical according to the chemical formula. The difference is only in 
that foreign manufacturers hold in confidence secrets of the chemical formula. During the 
determination of the conditions of maximum working capacity of tool hard alloys, with the 
help of the scientifically grounded method based on the change of the values of the electro-
magnetic field eddy-currents targetable in the retrofittable carbide blade, hard alloys of 
home manufacture will be able not only to compete with foreign manufacturers of tools but 
also to replace them at the critical sectors of the industry, where safety of citizens of our 
country can depend on the quality of the processed surface. 
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