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Abstract: The paper presents experimental results of hardening of the meat comminutor knives by using the pulse-plasma method. A search 

for existing methods for increasing the wear resistance of knives of meat-cutting machines has been carried out. The determination of the 

increase in wear resistance of the meat comminutor knives has been carried out according to the following stages: knives hardening; knives 

testing on the meat comminutor with the simultaneous execution of control prints; determination of the radius of blade curvature using an 

optical microscope and processing of research results. It is experimentally established that the use of the proposed method allows to increase 

the wear resistance of the meat comminutor knives by 4 times. Also, during the study, the optimal hardening modes of the meat comminutor 

knives are determined. The graphical dependence of the amount of knives wear on the presence and regime of hardening treatment is 

presented. 

KEYWORDS: MEAT COMMINUTOR AND CUTTER KNIVES; INCREASE OF WEAR RESISTANCE, PULSE-PLASMA HARDENING 

 

Introduction 

Due to the widespread use of meat comminutors and cutters in 

meat processing, the considerable cost and insufficient durability of 

their knives, as well as their high metal consumption, the task of 

increasing their durability continues to be relevant. Numerous 

studies on the choice of the method of surface hardening of the 

cutting edges of meat comminutor and cutter knives are known, but 

they have a limitation on practical use, provide insufficient increase 

in durability and require significant investment or energy 

consumption. It is advisable to search for a more effective method 

of surface hardening of the cutting edges of knives of these meat-

cutting machines [1-4]. 

A significant number of scientific papers [5] is devoted to the 

study of increasing the durability of meat comminutor and cutter 

knives. Chemical-thermal treatment is the most widely used in the 

study of increasing the durability of a meat-cutting tool. So, 

according to [5], to increase the durability of the cutting tool of 

meat-cutting machines, the chromium plating method, after 

processing by which the wear resistance of the cutter knives 

increases by 2-3 times, and that of the meat comminutor knives – up 

to 1.5 times, is recommended. Nitriding the cutting edges of the 

cutter knives leads to an increase in their wear resistance by 1.7 

times. Insufficient increase in the durability of the meat-cutting tool 

can be considered the disadvantage of such methods of hardening.  

Single-phase borating of the meat comminutor grids allows to 

increase their mean time between failures (MTBF) by 4-5 times. 

However, it should be noted that despite the advantages of 

chemical-thermal treatment (the simplicity of technical equipment), 

these methods have significant drawbacks – high energy and time 

costs. Also, as is known, borating leads to a significant increase in 

the fragility of the metal surface, which is not a significant 

drawback for meat comminutor grids, while for the cutting edges of 

the meat comminutor and cutter knives this leads to their increased 

chipping. 

The effect of cryogenic reinforcement on the wear resistance 

of a cutting tool is investigated. An increase in durability of up to 2 

times has been noted. However, the implementation of this method 

requires complex technical equipment, which has significant cost. 

Positive effect is not observed in all cases, which impedes the wide 

industrial use of the method. 

Electrospark alloying of the surface layers of the cutting edge 

is another known method. Saturation of the knife material with 

alloying elements (W, Ti, Mo) allows to increase durability by 1.5-2 

times [5, 6]. The disadvantages of this method include its 

insufficient effectiveness, which is caused by the absence of a 

complex effect (of heat treatment, surface plastic deformation, 

alloying). 

A constructive method for increasing the durability of the 

meat comminutor knives, which consists in using the effect of 

selective transfer in a friction pair knife-grid due to the use of 

bronze inserts, is known [6]. Due to this, an increase in durability 

up to 2.5 times is achieved. But it should be noted that for the 

application of such a solution it is necessary to manufacture special 

designs of knives, which creates a limitation in practical use. 

An increase in durability of the cutter knives by 1.2-1.4 times 

is achieved after surface plastic deformation. Despite the simplicity 

of technical implementation of such an impact, an increase in 

durability up to 1.4 times cannot be considered significant. 

Other methods of increasing wear resistance are also known 

[7-9]. 

Known technologies to increase the wear resistance of parts 

by pulse-plasma processing have been developed [10, 11]. The 

pulsed action is ensured by the use of explosives (gas) and the 

amplification of detonation waves by an electromagnetic field 

between symmetrically located electrode nodes. Also during 

processing, the surface alloying with metal electrode erosion 

products (molybdenum, tungsten) and gas (propane, nitrogen) 

occurs. As a result of this treatment, the wear resistance of machine 

parts increases by 3-5 times. 

This technology has high efficiency (as with pulsed laser 

hardening), high productivity (0.5 m2/hour), significantly higher 

heating efficiency (0.8 versus 0.05), and an order of magnitude 

lower cost of technological equipment compared to laser hardening. 

We can conclude that the known methods for increasing the 

durability of the meat comminutor and cutter knives have 

insufficient efficiency and high energy intensity. The application of 

the method of pulse-plasma hardening for this purpose is promising. 

However, in the well-known literature there are no quantitative data 

on increasing the wear resistance of knives of these meat-cutting 

machines after pulse-plasma processing. 

 

The experiments results and their discussion 

The aim of this work is to experimentally determine the 

increase in durability of the meat comminutor and cutter knives by 

means of hardening their cutting edges by pulse-plasma processing. 

The determination of the increase in wear resistance of the 

meat comminutor knives was carried out according to the following 

stages: knives hardening; knives testing on the meat comminutor 

with the simultaneous execution of control prints; determination of 

the radius of blade curvature using an optical microscope and 

processing of research results.  

For experimental studies, the WS-180 meat comminutor 

model was chosen. We have studied the wear resistance of four-

blade single-sided knives with a right angle of sharpening of the 

cutting edge, which were made of steel 60С2 and passed the 

standard heat treatment for such knives. 

Pulse-plasma hardening was carried out on the installation 

"IMPULSE" of the laboratory of the E. O. Paton Electric Welding 

Institute of the NAS of Ukraine. The operation diagram of the 

installation is shown in Fig. 1. 

The detonation plasma generator consists of a detonation 

chamber 1, where the formation of a combustible gas mixture and 
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the initiation of its combustion in detonation mode are carried out; 

coaxial electrodes 2 and 3; power sources 4. In the process of 

accelerating the plasma formation, gas-dynamic and 

electromagnetic forces take part [7, 8]. As a result of detonation, 

partially ionized combustion products enter the interelectrode gap 5 

from the detonation chamber and close the R–L–C circuit of the 

power source. The capacitor bank is discharging. 

Between coaxial electrodes 2 and 3, a current flows through 

the leading volume of gas 6, the degree of ionization of which 

increases. The resulting plasma jet 7 acts on the treated surface 8. 

When the plasma pulse interacts with the surface of the product, the 

electric circuit between the central electrode and the surface of the 

product 8 closes, and in the contact zone, an area of shock-

compressed plasma layer is formed. 

The heat flux to the surface of the workpiece is controlled by 

the parameters of the R–L–C power source circuit, the distance H, 

and electrode recesses (Fig. 1). The recessing of the electrode 

mainly affects the diameter of the processing zone, thereby playing 

the role of focusing. This, in turn, allows to adjust the density of the 

heat flux at the same pulse energy. The maximum heat flux to the 

surface layers occurs when the product is an anode, and the 

minimum one – when the product is insulated. During pulse-plasma 

processing of an isolated product, a decrease in heat flow occurs. 

Pulse-plasma processing allows to combine complex cyclic (1-

10 Hz) pulsed (timp = 0.2...0.6 ms) effect on the surface of a solid: 

thermal (up to 106 W/cm2) and electromagnetic (current density up 

to 10 kA/cm2, magnetic field strength up to 4·105 A/m) effects and 

plastic deformation. In this case, the plasma parameters are as 

follows: the plasma flow velocity is up to 6 km/s; the temperature is 

up to 20000 K. 

 

 

Fig. 1. The diagram of the installation "IMPULSE"  

for pulse-plasma processing 

 

As a result of pulse-plasma treatment, fast heating (heating 

time is 10-3...10-4 s) of the metal surface layer occurs, followed by 

its intensive cooling by removing heat into the metal volume. The 

high heating and cooling rate (up to 107 K/s) promotes phase 

hardening, the deformation of the surface layer and, as a 

consequence, the formation of a finely dispersed crystalline 

structure (for example, for carbon steel, the structure is represented 

by dispersed martensite needles of 160...300 nm), as well as high 

dislocation density (~1012 cm-2). The resulting hardened layers 

have a characteristic size of up to 50 microns. It is also possible to 

introduce alloying elements (C, N, W, Mo, Cr, Ti, V, Al, etc.) into 

the plasma in the form of a vapor-droplet phase from a metal 

electrode (rod), fixed along the axis of the central electrode that 

erodes, and with the help of plasma-forming gas, which creates the 

conditions for chemical influence on the surface and plasma-

chemical synthesis. 

In this case, the hardening of the meat comminutor knives 

(Fig. 2) was carried out with the following parameters: the 

capacitance of a capacitor bank of the discharge circuit C = 800 mF; 

voltage on the covers of the capacitor bank U = 3.2 kV; discharge 

circuit inductance L = 30 mF; pulse initiation frequency υ = 2.5 Нz; 

the electrode material used is W. The duration of the interaction 

pulse was about 0.5 ms, and the heat flux density was 

~ 1.2∙105 W/cm2. In order to ensure the functioning of the hardened 

layer of the blade during the entire life of the knife, hardening was 

carried out with four-fold overlap on the front surface of the cutting 

edge, which during operation of the knife could not be re-sharpened 

(ensuring the effect of self-sharpening). 

Three processing modes were used: No. 1 – 2 pulses per 

point, the part was grounded; No. 2 – 4 pulses per point, the part 

was grounded; No. 3 – 8 pulses per point, the part was grounded. 

Fig. 2 shows a comparison of the bluntness of the cutting edge 

1 and cutting edge 2, respectively, of the conventional and hardened 

meat comminutor knives of the WS-180 model, which are paired 

with a grid with an external diameter of 180 mm. It can be seen that 

the cutting edge 2 has a much less blunting. 

After hardening, the knives were mounted on the meat 

comminutor and tested in operation before the first re-sharpening 

within 10 hours of machine time. Knives were tested at the 

production sites of the meat processing company LLC "Cherkassy 

Food Company". Meat raw materials for half-smoked sausages of 

the 1st grade were crushed; the meat comminutor of WS-180 model 

was used with a blade rotation speed of 5 s-1. 

 

 
 

Fig. 2. The meat comminutor knives hardened  

by pulse-plasma processing (comparison of blunting  

of the cutting edge 1 of an ordinary meat comminutor knife and 

the cutting edge 2 of a hardened knife  

after 10 hours of use) 

 

The determination of the amount of wear was carried out by 

determining the radius of curvature of the cutting edge of the 

blades. The radius of curvature was determined by the method of 

control prints [6]. To this end, during the operation of the knife, the 

imprints of the blades on lead washers were carried out. The point 

of measurement of the radius of curvature was chosen in the middle 

of the working length of the blade. An MBS-9 optical microscope 

with the magnification –  56, scale division value – 0.014 mm was 

used. 

In Fig. 3 a graphical dependence of the amount of knives wear 

on the presence and modes of hardening treatment is shown. 

It is established that pulse-plasma treatment of the meat 

comminutor knives has led to such an increase in their durability: 

knives hardened in mode 1 – 1.8 times; knives hardened in mode 2 

– 3.2 times; knives hardened in mode 3 – 4 times. 
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Fig. 3. Dependence of the amount of wear  

of the meat comminutor knives depending on the presence and 

modes of hardening treatment 

Conclusion 

The effect of pulse-plasma hardening on increasing the 

durability of knives of meat-cutting comminutors has been 

experimentally studied. It is established that when using the 

processing modes of the grounded part of 2, 4 and 8 pulses to the 

point, the increase in durability of the meat comminutor knives 

occurs 1.8, 3.2 and 4 times, respectively. Such a significant increase 

in the wear resistance of knives is due to the complex hardening 

effect of pulse-plasma treatment (thermal, electromagnetic effect 

and plastic deformation). 

The experimental determination of structural changes in the 

material of knives as a result of pulse-plasma hardening with the 

aim of further optimization of processing conditions may be the 

direction of subsequent studies 

. 
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