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Abstract. The paper considers an electromechanical surfacing technique of parts’ work surfaces. 
It was found out that depending on strain temperature, rate and degree there were special type 
structures formed on a surface layer with a phase change (a bright layer), i.e. a hot deformed 
structure with and without recrystallization and a cold deformed structure. Depending on the 
original structure and hardening conditions, during surfacing of parts a thickness of this area may 
achieve 0.3 mm max. Impact of steel electromechanical treatment on the structure and the surface 
layer was found out. Depending on properties of surfaces being treated it is possible to use plate-
like and roller-type tools for electromechanical hardening. It was shown that roller- type tools 
possessed enhanced durability and enlarged areas of surfaces being treated, though ensured poorer 
finish of surfaces being treated. 
Introduction 
Electromechanical surface hardening technique is based on a combination of thermal actions and 
forces applied to the surface layer of the part being treated. The essence of the technique is that in 
the course of part treatment, large current is passing under low voltage through the contact place 
of tools with the article; due to this fact protruding surface crests are subject to vigorous heating, 
are deformed under a pressure of tools and polished while the metal surface layer hardens [1-8]. 

Electromechanical surface hardening technique is used for hardening and reconditioning worn 
surfaces of parts. For example, this technique is utilized for reconditioning surfaces of antifriction 
bearings. 

Electromechanical surface hardening technique process may be considered as a special type of 
metal surface thermomechanical treatment. High temperature thermomechanical treatment is one 
of thermomechanical treatment techniques. In this case depending on strain temperature, rate and 
degree there are special type structures formed on a surface layer with a phase change (a bright 
layer), i.e. a hot deformed structure with and without recrystallization and a cold deformed 
structure. Depending on the original structure and hardening conditions, during surfacing of rotary 
parts a thickness of this area may achieve 0.3 mm max. [9-16]. 

A bright strip was identified for the first time by V.P. Kravz-Tarnosky during impact tests of 
steel specimens. N.N. Davidenkov and I. N. Mirolubov explain Kravz-Tarnosky effect so that there 
is substance destruction and crushing along one shear area due to local deformation. With rapid 
sliding due to high friction, primarily large amounts of heat are generated which are transferred at 
high speed to the specimen basic mass and then to the steel anvil and hammer head. That’s why at 
places of strain localization where the temperature is likely to exceed its limit level, there is 
primarily austenitic transformation and intense quenching further on. The layer substance has 
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martensite texture with no specific needlelike structure since it has been formed under special 
conditions of overpressure and velocity of transformation that have not been explored yet [17-20]. 

Similar structures were found in surface layers of various machine parts. However, there is no 
consensus yet to the nature of this structure. Some persons attribute the formation of non-etching 
bright area to the saturation of friction surface with air nitrogen. Other persons consider the bright 
area to be a consequence of oxygen diffusion into the metal surface layer that results in formation 
of solid solutions and chemical compounds. The third ones conclude that the bright area structure 
consists of martensite, retained austenite and alloyed cementite. Differences of opinion about the 
nature of bright area formation are apparently explained by friction dissimilar conditions [21-24]. 
Methods and materials 
Depending on impact on the surface layer structure and properties, the following 
electromechanical treatments are distinguished: 

- thermal treatment when there is the bright area formed at a significant depth while there is no 
ductile deformation in the transition layer. This treatment features phase changes and complete 
rest; 

- incomplete thermal treatment with homogeneous area viewed in the surface layer; the 
transition sub-layer is severely deformed and features partial rest viewed in the homogeneous 
surface layer. 

Depending on properties of surfaces being treated it is possible to use plate-like and roller-type 
tools for electromechanical surface hardening technique. 
A holder with plate-like carbide tip (refer with: Fig. 1) works well for electromechanical surface 
hardening technique of relatively small areas. Working surfaces of polishing plates should be 
adequately clean. That’s why after pattern filling with a carborundum wheel they should be semi-
finished with boro-carbon on cast iron disk. A lapping compound should be made of boron carbide 
powder and wax at a ratio of 7: 3. Due to lack of boron carbide some small enterprises provide 
smoothening plates with semi-finishing on common emery wheels. 

 
Fig. 1. Holder with plate-like tools 

When processing large areas with the necessity for profound hardening under high current of 
900-1,200 A the use of roller-type tools is more rational (refer with: Fig. 2). The roller-type holder 
is similar to the common holder of polishing tools. The roller made of carbide material should be 
installed on the axis and secured in the holder body with the help of retention screws.  
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Fig. 2. Holder with roller-type tools 

Test conducted on these tools demonstrated their high performance during continuous and long 
term operation under high current. However the surface finish obtained in this case somewhat 
poorer in comparison with its surfacing with the plate. It should be stated that holders (refer with: 
Fig.1, Fig.2) may be adapted for fixed mounting of carbide rollers if structurally changed a little 
bit. In this case the roller operates as the circular plate; while the best possibility for changing 
contact surfaces by means of periodic rotation of the roller, dozen times increases wear-resisting 
properties of these tools in comparison with the plate. Comparative analysis of roller-type and 
plate-like tools (refer with: Table 1).   

Table 1. Comparison of properties of roller-type and plate-like tools [25] 

Parameters Plate-like tools Roller-type tools 
Surfaces being treated Relatively small Very large 
Current mode, [A] 300-800 900-1,200 
Reduction in roughness 2-3 class 1-2 class 
Wear-resisting properties 
(treatment till the repeated semi-
finishing, [mm]) 

 
2,500-3,000 

 
> 30,000 

 
Conclusions 
Summing up what has been said, roller-type tools possess enhanced durability and enlarged areas 
of surfaces being treated, however, they ensure poorer finish of surfaces being treated. 
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