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Abstract - The work is devoted to experimental researches influence of low-temperature plasma on the surface layer 
armored cones crusher bowl in plasma-mechanical treatment. It is established that the direct action plasma torches does not 
comply with the requirements of uniform thermal heating of the cutting zone and needs to be replaced with plasma torches 
indirect actions. 
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I. INTRODUCTION 
 
Many important elements of mechanical engineering 
structures during their operation in the mining 
industry are in serious extreme conditions. Such 
conditions include stationary and moving armor cone 
crushers (Fig.1 position 20 and 7). 
 

 
Fig. 1. KSD-2200 conecrusher 

 
Cone crushers are featured by large enterprises in the 
mining and aggregates industry not only in Ukraine 
but also in other countries of the CIS (former Soviet 
Union). Processing plants in Krivoy Rog cone crusher 
coarse, medium and fine crushing are used more than 
half a century. This is due to the homogeneous high-
quality crushing of iron ore, the ease of maintenance 
of the crusher in operation. Work surfaces armored 
cones crusher bowl work in extreme conditions, 
constantly being subjected to impact-abrasive wear. 
Casting cones are made of highly manganese steels 
G13L 110 having a high capacity for work hardening 
in the process of cold plastic deformation. By more 

pressure in the crushing process of strong ores, high 
wear resistance in them combined with good 
ductility. Casting highly manganese wear resistant 
steels requires high production culture. Any deviation 
from the technology may lead to cracking or 
destruction in the manufacturing process, and 
especially during operation. At high manganese 
content (over 10%) 110 steel G13L under the action 
of the cutting forces becomes the tendency to 
hardening, resulting in dramatically increases the 
strength, decreases the ductility of the surface layer, 
the austenite partially transferred to the martensite. 
The increase in material strength of the workpiece 
reduces the cutting speed, since such changes in 
mechanical properties accompanied by the increase of 
wear of the cutting edges of the cutters, intense wear 
of the tool until it breaks. Low thermal conductivity 
and thermal diffusivity high-manganese steels, 
difficult heat removal from the cutting edge of the 
cutter require raising the temperature of the surface 
layer of workpiece before cutting. To intensify the 
cutting process when machining armor cones crushers 
technologists of machine-building enterprises use 
artificial heating of the shear layer of the workpiece 
to a certain temperature with the help of plasmatrons 
of direct action. The process of plasma-machining 
(PM) includes heating the surface layer of the 
workpiece before the cutter with air plasma arc to a 
temperature close to the melting point of the base 
metal and the subsequent removal of the cutter of this 
layer. 
Based on a generalization, formulated by the author 
[1] friction in the region of the cutter blades on the 
workpiece is three-stage process that combines the 
interaction of the mating surfaces, structure evolution 
and destruction of these layers. The author suggests 
that stress is localized in spots touch and leads to the 
accumulation of deformation in the layer under the 
friction surface, the formation of microcracks and 
destruction of this layer. In [2] noted that the friction 
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surface and in a surface layer of the material are 
temperature fluctuations and mechanical stresses, and 
the plastic shear acts lead to birth in the material of 
the workpiece elastic shear wave that extends deep 
into the workpiece with a speed corresponding to the 
speed of transverse sound waves. 
We would like to note that the essence of the plasma-
mechanical effects process is that the metal 
workpiece is the anode of the arc that is stabled flow 
of plasma generated by the plasma torch designed for 
cutting metals. In carrying out the PM the 
temperature of processed armour cone crusher 
increases, which creates uneven constantly changing, 
the stress-strain state. 
The flow of hot gases contained in the plasma arc, 
due to the saturation of these gases having high 
kinetic energy, surface layers, in particular hydrogen. 
According to author of [3] hydrogen, even in the 
austenitic structure, can play a negative role on the 
surfaces of the heated arc, the probability of cracking 
is extremely high. 
Industrial plant for PM armor cones crushers is a set 
of equipment including lathe model 1540 with 
faceplate diameter 4 m, power supply APR-404 NF4 
for automatic air-plasma metal cutting, plasma torch 
– PVR-402 NF4, as well as a number of additional 
devices, including binding mechanism of the plasma 
torches, the systems for water and gas supply, 
ventilation, the node auto-protection of the current 
collector with brushes to power two torches, control 
panel installation. The face plate with a diameter of 
4m to put the workpiece in the center is very difficult, 
besides the casting has a nonuniform margins that 
causes roughing with interrupted cuts with high 
impact loads on the cutting tool. Arise throws 
currents from 300 A to 400 to 450 A and this causes 
the creation of a center of the arc spots on the anode 
(workpiece) stress raisers and cracks. To avoid the 
appearance of stress raisers and to improve the 
quality of the processed material and extend the wear 
of cutting tool has been applied to the plasmatron 
with magnetic arc control (Fig. 2). 

 
Fig. 2 – PVR402U4 Plasmatron with magnetic arc control 

To the treatment of conical workpieces requires the 
creation of a uniform thermal loads in the cutting 
zone armor. On the one hand this will reduce the 
effect of stress concentrators and to improve the 
quality of the processed material, and on the other 
hand to increase durability of the cutting tool. 
The purpose of work is study, synthesis of 
temperature characteristics of the plasma arc of the 
plasma torch direct action and justification of the 
transition to mechanical treatment of cones crushers 
the plasma torches indirect actions with non-toxic 
plasma jet and plasma-forming gas, that is 
superheated steam. 
 
II. MATERIAL AND RESEARCH RESULTS 
 
In [4, 5] the authors demonstrated the expansion of 
technological possibilities of arcs by increasing the 
width of the warmed layer due to field arcs 
interacting with a transverse alternating magnetic 
field. The presence of this field changes the drift of 
charged particles in an electric field, the ratio of the 
transfer, the nature of the binding and causes it to 
move. Imposing on the plasma arc of a transverse 
magnetic field leads to the deviation of the arc and 
allows to more evenly heat the area destructible 
armour layer in front of the cutting edge of the cutter. 
The angle of deflection of the plasma arc is 
determined by the operation mode parameters of 
plasma torch and control the magnetic system. 
Characteristics that define the interaction of an arc 
with a transverse variable magnetic field is changed 
in the following ranges: arc current I = 100 to 400 A, 
arc length L = 14-50 mm, magnetic induction B = 0-
0,01 TL. The experiments were performed using a 
rotating partitioned sensor is partially described in 
[6]. 
This allowed for roughing cones to increase the 
performance of heating the workpiece uniform 
heating of manganese steel along the entire cutting 
edge of the cutter, and during each period of 
oscillation of the arc to adjust its capacity by 
changing the arc current in accordance with the 
pattern 
 

I = I0+(0,75÷0,85)I0sin2max sin(2t–/2) 
 
where I0 – the average value of the arc current, Amps; 
max – maximum deflection angle of the arc in a 
magnetic field, radians;  – circular frequency of the 
magnetic field under the action of which arc performs 
oscillatory motion, radians/sec; t – time, sec; /2 – 
the initial phase of oscillations, radian. 
On the one hand, we get rid of the stress raisers, and 
with another – the system is complicated. Chips 
removable cutter often began to curl around the 
controlled coils. The specialists had to refuse from 
this system. 
As a result of experiments it is established that the 
greatest influence on the energy flow in the anode 
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provides an electric current of the arc. With 
increasing current the energy flow in the anode 
increases faster than linearly. Strong influence of 
current due to a change in the characteristics of the 
plasma flows. In particular, temperature, dynamic 
pressure and speed of the plasma flow incident on the 
anode are increasing, and their profiles become 
broader. The analysis of criterial equations of heat 
exchange shows that with increasing values of the 
temperature and velocity coefficient of heat transfer 
between the plasma flow and the surface of the anode 
increases. Consequently, the energy flow increases. 
 
For practical purposes, the importance of studying the 
distribution of the energy flow q on the anode as cone 
crusher, connects with a prediction and calculation of 
temperature in the workpiece material (armor), depth 
of penetration, size of heat affected zone, the mass of 
the evaporating metal. 
 
The effect of arcing on the distribution density of the 
energy flux at the anode is considered by the example 
of air plasma arc. Study of the influence of the gas 
flow that stabilizes the arc column in the discharge 
space and the flow of energy generated in the 
discharge, on the distribution of heat flux density q at 
radius r is made when the air flow is G = 0.5 and 2.0 
g/s, the distance from the cathode to the nozzle exit of 
the plasma torch h = 4.5 mm and the nozzle diameter 
d = 6 mm (Fig.3). 
 

 
 
1 – G = 0,5 g/s; 2 –  G = 1,0 g/s, I = 200 A , L = 10 
mm, h = 4,5 mm, d = 6 mm. 
Fig. 3. Radial distribution of heat flux density at the anode and 

air arcs at different airflows 
 
With the increase of gas flow that stabilizes the arc, 
the voltage drop across the arc increases, the 
luminous diameter of the arc and the flow of energy 
in the anode is reduced. 
Distribution of the density of energy flow in the 
anode spot of the arc air are summarized by the 
dependence [7]. 

q(r) = 3,210–3Error!ехр(–2,610–4Error!r2) 
 
Deviation of calculated values of q from experimental 
is 35%. For values of the radius, where q  0,2qmax is 
the deviation of the calculated values of q greater 
than 35%. However, this is not significant, as the 
proportion of energy flow entering the anode from 
outside the circle of this radius is less than 0.25 of the 
total energy flux to the anode. 
 
Research of the influence of electric current density 
distribution of the energy flux q is performed at 
currents of 100, 200 and 300 A (Fig. 4). It was 
established experimentally that with increasing 
current the maximum value of the density of energy 
flow qmax, and the half-width of the q distribution 
increase. With increasing current and at constant 
other parameters visually and the photographs, there 
is an increase of luminescence intensity of the arc 
column and increase the light diameter. For the 
plasmatron modes operation, in which q is 
determined, the volt-ampere characteristic of the arc 
increasing. This suggests that the electric power of 
the arc, depending on current growing. 
 

 
1 – I = 100 А, 2 – I = 200 А, 3 – I = 300 A, 
L = 10 mm, h = 4,5 mm, d = 6 mm, G =0,5 g/s. 
Fig. 4. Radial distribution of flux density energy in the anode of 

the air arc at different currents 
 
With increasing distance from the cathode to section 
of the nozzle of the plasma torch the voltage drop 
across the arc increases, and, consequently, 
increasing its electric capacity. According to visual 
observations of the plot arc from the nozzle section of 
the plasma torch to the anode observed that the 
opening angle of the plasma flow does not increase 
with the increasing distance from the cathode to the 
nozzle section. The density value of the flow of 
energy and current in the center of the spot with 
increasing distance from the cathode to the nozzle 
section decreases (Fig. 5). 
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1 – h = 4,5 mm, 2 – h = 6,0 mm, I = 200 A, L = 10 
mm, d = 6 mm, G = 0,5 g/s. 
Fig. 5. Radial distribution of flux density energy in the anode of 
air the arc at different distances from the cathode to the nozzle 

section of the plasma torch 
 
III. DISCUSSION OF THE RESULTS 
 
Plasma heating by open arc cone crushers entails: 
– weaken armor being processed in the cutting area; 
– the occurrence of local thermal stress field of high 
intensity and irregularity, which are enhanced by 
structural transformations occurring in the volume of 
heated surface layer of manganese steels; 
– change of friction parameters on contact surfaces of 
the cutting edge of the cutter and chips; 
– changes in the level of residual stresses in the 
treated manganese steels; 
– usage as a heating of the plasma torch direct action 
leads to a deterioration of working conditions due to 
the strong optical radiation. 
It should be noted that after heating the armor arc of 
direct action may stay in basically material the stress 
raisers and even cracks, which in the operation of 
crusher factories can reduce the life of the cones. 
A significant disadvantage of the plasma technology, 
using compressed air (plasma gas) is the toxicity of 
the plasma flows. In the off-gas air plasma jet 
contains nitrogen oxides, whose concentration is two 
or more orders of magnitude higher than the 
permissible sanitary norms that require special 
devices for removal of polluted gases. 
At the turn of the new Millennium the European 
Union has imposed stringent standards on air 
emissions, water pollution, waste recycling. 
According to experts [8] only by developing new 
cleaning methods and technology, it is possible to 
implement these standards. Therefore, the 
development of new plasma processes in various 
technologies of mining production based on non-toxic 
low-temperature plasma becomes one of the urgent 
tasks. 
Theoretical and experimental studies of the 
thermodynamic characteristics of water plasma 
torches plasma in the temperature range of 2000-6000 

K and a pressure of 0.1-0.5 MPa are carried out in 
Institute of geotechnical mechanics, which showed 
that the main components of thermally dissociated 
water vapor are atomic and molecular hydrogen and 
oxygen, OH radicals. Components of water plasma 
have no toxic gases [9]. Flow in the inter-electrode 
gap of high-temperature plasma in the form of 
superheated steam helps to reduce the negative sound 
vibrations and effectively solve a few problems: 
increasing system reliability, reducing the cost of 
equipment to improve the energy indicators of a 
plasma jet. In the steam plasma, in which enthalpy is 
higher than that of air, nitrogen, oxygen and plasma 
of other gases, and is second only to hydrogen [10]. 
The thermal conductivity of steam plasma is 
significantly higher and the viscosity is much lower 
than in other types of the plasma. Due to this, when 
burning the arc in the vortex flow of steam-water 
plasma of the arc column is exposed to not only a 
strong lateral cooling, in a medium of hydrogen, but 
also much more intense than in other gases. This in 
combination with the large specific heat capacity in 
electric arc plasma torches leads, first, to the large 
electric field intensity in the arc column, and 
secondly, to the large enthalpy steam plasma for the 
same arc current. It becomes possible to build multi-
operator systems that work two electric plasma 
torches (EPT) from a single power supply. Work EPT 
on the water vaporcan be implemented in two 
schemes: 
1) the external transformation from a separate energy 
source [11]; 
2) with internal vaporization due to the energy 
released in the electrodes of the plasma torch [12]. 
From the viewpoint of compact design and efficiency, 
the preference has a scheme in which the formation 
of steam occurs due to the heat reaching the walls of 
the electrode from the arc discharge. 
 
IV. CONCLUSIONS 
 
Study of thermomechanical contact interaction when 
heated by electric arc and mechanical cutting tool 
superhard materials, in particular, armor cones 
crushers, showed that the phenomena on the surface 
of the cutting tool and workpiece material are 
determined not only by structure and properties of the 
processed material but also thermodynamic loads 
from the plasma arc of mechanical shock on the 
cutter blade. 
It was established that in severe working conditions 
of fixed armor and armor cone crusher bowl on the 
surface of the contact pieces of ore with armor and in 
a subsurface layer of armor there are temperature 
fluctuations and mechanical stresses that cause 
degradation of the structure of the Hadfield steel. By 
mechanics that serve cone crusher with many years of 
experience of their work, it was observed that the 
wear of the cones (armor) is not all over the surface 
of the product, and locally in any specific areas. This 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 7, Issue-8, Aug.-2019, http://iraj.in 

New Methods and Approaches to Treatment High-Manganese Steel Cone Crusher 
 

34 

can be explained by the fact that the base metal after 
TMO has structural cracks, which during operation of 
the crusher can also develop prematurely withdraw it 
from the system. 
Based on of the conducted researches it was 
established that the direct-action plasma torches do 
not comply with the requirements of uniform thermal 
heating of the cutting zone and need to be replaced 
with plasma torches indirect actions. 
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