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Abstract  Working parts of plowing machinery do not reach their expected life because of abrasive wear intensity of 
their work surfaces in contact with the ground. It is therefore necessary to improve the reliability of these parts. The 
technical equipment consists of plowshares made of steel 65G, consolidated by different processing technologies, mounted 
on the cultivator KPS-4.0 hitched to tractor MTZ-80. The technological operation consisted in plowing in order to 
determine the different parameters of performance of these plowshares. The laser heat treatment allow to reduce the wear 
of the plowshares tip of the cultivator from 1.3 to 1.4 times in comparison with the volumetric heat treatment, while the 
thermal recharging laser of mixture PS-14-60 + 6% В4С allows to reduce the wear from 1.7 to 1.8 times relative to the core 
technology by induction. The lifetime of the consolidated plowshares by reloading laser of mixture PS-14-60 + 6% В4С in 
areas of the plowshares tip is greater than 1.5 to 1.6 times when compared to the conventional induction welding. The 
tensile strength of the plowshares recharged with laser decrease to 2.6% comparing with its initial value while for those 
resulting from volumetric heat treatment it increase to 14.6%. 
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1. Introduction 
The work of the agricultural soil is done by working parts 

arranged on the oars of plowing machinery (Sisolin and 
Pogorelyi, 2005; Sisolіn et al. 2001.). The working parts of 
plowing machinery (WPPM) do not reach their expected 
lifetime because of abrasive wear intensity of their work 
surfaces in contact with the soil (Severn et al., 2011; Aulin 
et al., 2012.). The uneven wear causes the loss of their 
initial forms which is necessary to a good technological 
tillage operation. This leads to the increase of the tensile 
strength wich provok the increase of fuel and lubricant 
consumption. Thus, the additional need of sharpening or 
replacement of worn away parts is necessary. All these 
factors lead to a reduction in the profitability of using work 
machines and the rising cost of agricultural production 
(Kushnarev et al., 1989; Aulin et al., 2014). 

Improving the reliability of WPPM and the choice of 
optimal technology for their hardening require careful study 
of the abrasive wear mechanism, which is rather 
complicated and to date remains a topical issue. 

Among the WPPM, the cultivator plowshares are the  
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most commonly used in agricultural work. The degree of 
the cultivator blades’ wear in different lands vary from 2.2 
to 2.5 times higher than the wings of plowshares (Aulіn and 
Bobritsky, 2004). The more going away from the tip of the 
plowshare, the more the intensity of the edge wear 
decreased. 

The technological methods of consolidation used in the 
case of the WPPM, is often the heat treatment and the 
formation of the consolidation coatings (Zenkin and 
Kopylov, 2002). During the manufacture of WPPM more 
than 90% of all recharging works are done by induction 
(Golovin and Zimin, 1990; Vіhrova et al., 2007). 

During recent years, the most common used method is 
the technological process of consolidation based on the use 
of concentrated energy flux (CEF) (Aulin et al., 2002; 
Aulin, 2007) including the technological process using laser. 
These methods allow effectively the increase of surface 
layers of parts performance and labor productivity; the 
reduction of the consumption in energy and metal, and the 
use of deficit raw materials (Devoyko and Kardapolova, 
2003; Delone, 1989; Vedenov and Gladouch, 1985). 

Laser technologies have evident practical and scientific 
interest (Aulin, 1989; Aulin et al., 2004; Aulin, 2003). 
However, the laser processing effect on the working surface 
of the WPPM and the use of the local aspect of the 
treatment in accordance with the nature of the wear require 
theoretical and experimental studies. 
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2. Material and Method 
2.1. Material 

The technical equipment consists of: 
-  Eighteen (18) cultivator plowshares made of steel 65G, 

consolidated by different technologies and mounted on 
the cultivator KPS 4.0 hitched to tractor MTZ-80; 

-  A laser processing module ‘'Komet-2''; 
-   An alloy PS-14-60 and a mixture of alloy PS-14-60 +  

6% B4C used for charging the laser; 
-  A device for determining the linear wear and changing 

the geometrical form of the working bodies of machines 
and implements, 

-  A dynamograph for determining the tensile strength of 
the WPPM. 

2.2. Method 
The thermal laser treatment and the reloading of WPPM 

work surfaces were carried out on the laser line "KOMET-2" 
in a radiation regime continuously generated (λ = 10.6 
microns). Figure 1 shows the general view of the laser 
processing module "Komet-2" and the installation diagram 
of the laser treatment. 

 

а) 

 

b) 

Figure 1.  Module of laser processing technology "Comet 2": a- post laser 
treatment, b - power supply and gas station 

Sample processing was carried out according to the 

technological scheme presented in figure 2. 

 

Figure 2.  Technological diagrams of thermal laser treatment (a) and that 
of reloading laser sharp cultivator plowshares (b). 1 - laser beam, 2 - mirror, 
3 - lens, 4 – part, 5 - consolidated layer, 6 - hopper, d- laser beam diameter, 
va -- forward speed, h - thickness of the heated metal, hei- thickness of the 
coating, p - radiation power 

The alloys laser reloading (Figure 2b) was performed with 
the same working regimes as heat treatment laser. For 
reloading laser, a hopper was used for supplying powdered 
material. 

Linear wear of WPPM was determined by the special 
device proposed. Its diagram is represented in Figure 3. 

Linear wear value and the respective geometric shape of 
WPPM were determined using software which takes into 
account the difference of the distance between the initial 
and final contours. 

For the field experimental, a total of eighteen (18) 
plowshares resulting from different technologies have been 
installed on the cultivator KPS-4.0 that was hitched to 
tractor MTZ-80 (Figure 4). Thus, the wear resistance, the 
average lifetme, the tensile strength and the dynamics of 
forms’ change in the process of exploitation of WPPM were 
taken each 5 hectares unit of operation per plowshare. 
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Figure 3.  The scheme of the device for determining the linear wear and 
the change of the geometrical form of the Working parts of plowing 
machinery. 1 – base, 2 - cardboard sheet with grid, 3 - cultivator plowshare, 
4 - bolts 

 

Kirovograd, 2014 

Figure 4.  Overview of the aggregate for the determination of the tensile 
strength of the Working parts of plowing machinery 

 

Figure 5.  Diagram of the device for determining the tensile strength of the 
working parts of plowing machinery: 1 - body, 2 - stem, 3 - cultivator,     
4 - plowshare, 5 - spring, 6 - stop mechanism, 7 - recording mechanism,   
8 - lever system, 9 - the coupling device, 10- electric motor, 11- elastic 
device with a paper roll 

The measurement of tensile strength (Figure 5) was 
performed by using the dynamograph of the traction, which 
was mounted between the tractor and the cultivator. The 
calibration of the instrument was carried out on a tensile 
testing machine. The average error of the instrument was 
1.9%. The cultivator working width was of 4.0 m, the 
working speed was of 1.5 m / s and the working depth of 
the soil from 7 to 8 cm. 

3. Results and Discussion 
3.1. Results 

The soil particles are greater than 0.01 mm and the 
moisture value varied between 10 and 25%. The results of 
the linear wear of cultivator plowshares are presented on 
Figure 6. 

 

Figure 6.  Dependence of linear wear of the plowshare tip in accordance 
with the duration of operation and consolidation method. 1 - volumetric heat 
treatment (Basic Technology), 2 - heat laser treatment, 3 - induction welding 
of alloy PS-14-60 (basic technology), 4 - Laser reloading of alloy PS-14  
-60, 5 - Laser resurfacing of mixture PS-14-60 +6% B4C 

This Figure shows that the thermal laser treatment 
reduces the wear of the plowshares tip of the cultivator from 
1.3 to 1.4 times in comparison with the volumetric heat 
treatment. While the use of reloading laser of alloy 
PS-14-60 with the addition of 6% of boron carbide can 
reduce it from 1.7 to 1.8 times in comparison with the 
induction welding. 

The application of the consolidation of laser technology 
of mixture (alloy PS-14-60 + 6% of boron carbide) in the 
local areas, which are subjected to the greatest wear, allows 
substantially to equalize the wear characteristics of 
plowshares points all along the length of the cutting edge. 
And to keep during a long time the geometric shape of 
WPPM during the operation process (Figure 7). 

The tensile strength of the cultivator has been measured 
to determine the shape-changing effect of the cultivator 
plowshares on the energy characteristics of the soil working 
process and to verify the effectiveness of the hardening 
proposed methods. 

Figure 8 shows the experimental results of the tensile 
strength. 
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a)                            b) 

Figure 7.  Cultivator plowshares after 25 ha of operation, consolidated by: 
a - reload laser of alloy PS-14-60 + 6% B4C (proposed technology), b - 
induction welding of alloy PS-14-60 (basic technology) 

 

Figure 8.  Dependence of the tensile strength of the cultivator KPS-4 in 
accordance with the operating time and the plowshare consolidation method. 
1 - volumetric heat treatment (Basic Technology), 2 - laser heat treatment, 3 
- induction welding of alloy PS-14-60 (basic technology), 4 - the laser 
reloading alloy PS-14-60, 5 - laser reloading alloy PS-14-60 + B4C 

In the beginning of the works, all plowshares had a 
slightly higher tensile strength. With the increase of the 
operating time, the tensile strength decreases and its 
optimum values corresponding to an operating time of 5 to 
15ha for all consolidation methods. Except that of 
volumetric thermal treatment which optimum tensile 
strength values correspond to an operating time of 5 to 10 
ha. Beyond that values, the use of the consolidated 
plowshares volumetric thermal treatment leads to the 
increase of the radius of curvature of the cutting edge and, 
consequently, to increase the tensile strength from  4,87 to 
5,7 kN (corresponding to an increase of 14.6% from 
baseline after only 20 hectares of operation corresponding 
to their average lifetime). The consolidated plowshares by 
laser reloading, they are characterized by a decrease of the 
tensile strength from 5 kN to 4.87 kN (a decrease of 2.6%) 
and a stability of its values for an operating time of 25 ha 
and beyond. 

The experiments were continued up to the sharp limits 
values reached, because the presence of the sharp flattening 
of WPPM excludes the quality of working soil and 
increases the technical and economic indicators of the 
exploitation of tillage machines.  

The results of the experiments of WPPM consolidated by 
different methods are shown on Figure 9. 

 

Figure 9.  The durability of cultivator plowshares resulting from different 
consolidation methods. 1 - volumetric heat treatment (Basic technology), 2 - 
laser heat treatment, 3-induction welding alloy PS-14-60 (basic technology), 
4 - reloading laser PS-14-60, 5 - reloading laser mixture PS-14-60 + B4C 

Figure 9 shows that the consolidated plowshares by 
reloading laser mixture PS-14-60 + B4C have an average 
lifetime of 43 ha operating, while those resulting from the 
volumetric heat treatment have 18 ha. 

3.2. Discussions 

The results of the reload laser consolidation technology 
are better than other tested technologies. 

In the early field work all plowshares have a slightly 
higher tensile strength. This can be explained by the fact 
that during the operation, the plowshares work surfaces are 
prone to sticking soil. With the increase of operating time, 
the tensile strength decreases and optimum values 
corresponding to an operating time from 5 to 10 ha for 
volumetric thermal processing technology and from 5 to 15 
ha for all other technologies. This is explained by the fact 
that, during this period, the formation and the stabilization 
of the shape of the cutting edge are performed. 

Unlike the other technologies, the proposed technology 
reloading laser alloys PS-14-60 + 6% B4C, allows during a 
long period of use, to keep the original shape of the parts of 
WPPM. This is explained by the fact that the self 
sharpening phenomenon is well done with this technology. 

The laser heat treatment can reduce the wear of the 
plowshare tip of the cultivator from 1,3 to 1,4 times relative 
to the volumetric heat treatment, while for reloading laser 
alloy PS-14-60 + 6% B4C, the reduction is from 1.7 to 1.8 
times relative to the basic technology (induction welding). 
These results confirm the works of Novikov and Belikov 
(2000), in which they are respectively in the range of 1.3 to 
1.5 times and 1.7 to 1.9 times despite that the basic metal 
used is steel 45. 

The application of the laser heat treatment in comparison 
with the classic volumetric heat treatment increases the 
lifetime of the blades from 1.5 to 2.2 times, and the laser 
consolidation from 1.5 to 1.6 times compared with the 
conventional induction welding. These results are higher 
than those of Repin et al., (2013) where the increase of the 
lifetime of the blades from the laser consolidation was from 
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1.3 to 1.4 times compared with the induction welding. 
The consolidated plowshares by laser reloading are 

characterized by a decrease of tensile strength of 2.6% 
compared to its initial value, which is also positive in terms 
of fuel and lubricant economy. 

4. Conclusions 
Improving the reliability of the working parts of plowing 

machinery and the choice of optimal technology for their 
consolidation remains a topical issue. 

It appears that laser reloading greatly improves the wear 
resistance, the durability, the tensile strength and the 
realization of the self-sharpening cutting edges of the 
Working parts of plowing machinery. 

The proposed laser technologies can achieve both 
continuous and separated consolidation of the working parts 
of plowing machinery and mounting holes.  
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