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Abstract. The technology of creating a bimetallic compound steel 20GL – a hard alloy of the  
Fe-Cr-C system, formed during the casting process by melting the carbide powder of the PG-C27 
alloy due to the heat of the crystallizing melt, is investigated in this article. The resulting bimetallic 
compound on the working surfaces of the crawler makes it possible to increase the abrasive wear 
resistance. The production of bimetallic castings in the casting process involves the complete or 
partial penetration of inserts made of wear-resistant material placed on the working surface of the 
casting during its crystallization. Upon contact with the melt, the melt penetrates and partially 
melts the particles of the inserts to form a single bimetallic composition. Based on the above and 
in order to increase the durability and wear resistance of cast parts of road construction and 
agricultural machinery, we have developed a technology for bimetallic steel - hard alloy PG-C27 
type “sormite”. The obtained bimetallic compound makes it possible to increase the abrasive wear 
resistance on the working surfaces of the crawler. 
Keywords: road construction machinery, agricultural machinery, abrasive wear, crawler 
thrusters, treadmill, bimetallic coatings, sormite type hard alloy. 

1. Introduction 

The competitive ability of modern road construction and agricultural machinery largely 
depends on the performance and reliability of the parts, assemblies and mechanisms used. The 
effectiveness of a particular part or assembly largely depends on technological interruptions, 
which are most associated with wear. The main problems faced by economic enterprises in the 
process of operation include: a small resource of parts, assemblies and mechanisms; large 
downtime of road construction and agricultural machinery associated with planned and emergency 
repairs; reduced productivity of machines and aggregates; increased consumption of spare parts. 
These problems lead to a decrease in the technical and economic indicators of economic 
enterprises and, as a result, increases the cost of the service provided (i.e., the development of soil 
or the performance of one or another road construction work). Therefore, increasing the wear 
resistance and durability of machines and components is an important task of science and 
production. One of the main problems associated with the insufficient service life of agricultural 
and road construction machinery parts are the abrasive wear of component parts. Its consequences 
can be both directly and indirectly related to stopping the car. For example, when operating 
excavators and bulldozers, wear directly affects the decrease in productivity of these machines 
due to intensive wear and reshaping of parts. 

2. Materials and methods  

The concept of bimetal is understood as a composite material consisting of two or more 
different layers of metals or their alloys [1]-[4]. Currently, the use of bimetallic compounds is 
becoming increasingly used in the production and restoration of parts in many industries due to 
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the addition of components and machines such properties as: strength, wear resistance, heat 
resistance, corrosion resistance, manufacturability, etc. 

According to their intended purpose, bimetallic materials are divided into three groups: wear-
resistant, corrosion-resistant and antifriction. Bimetals also differ in the chemical composition of 
the layers, in the shape of the products, in the method of production, in the geometric parameters 
of the layers, etc. 

The authors of the works [2] claim that when obtaining bimetallic compounds in the contact 
zone of the components, there can be three aggregate states of the components: solid with solid, 
solid with liquid and liquid with liquid. 

It is noted in [1]-[5] that bimetals can be classified on the basis of the presence or absence of 
plastic deformation in the joint zones. The most widespread method of creating bimetals using 
plastic deformation, i.e.: pressing, rolling, explosion welding, etc. Processes such as casting, 
welding, surfacing, and spraying are characteristic of the method without plastic deformation. 
These claim a wide range of methods and technological techniques for the manufacture of 
bimetallic products. 

It is stated in [6] that the main factor in the production of bimetals, in the case of stainless steel 
and gray cast iron, is the mass transfer of carbon from one material to another, in contrast to the 
diffusion of Fe, Cr or Ni. When two-layer castings of aluminum and copper are obtained by casting 
onto a solid billet, Al2Cu intermetallides are formed at the junction boundary, which greatly 
reduce the strength of the connection of the layers [7]. 

There are also known methods for obtaining a bimetallic compound of two metals and alloys 
by centrifugal casting [8], [9]. At the same time, the absence of impurities and metal oxides at 
their junction is very important to create a strong metallurgical bond between the two metals [9]. 

When obtaining a bimetallic compound, welding has recently become widespread [10]. 
Currently, such methods as fusion welding, pressure welding, arc welding, diffusion welding, 
explosion welding and others are used among welding methods [11]-[14]. 

In addition, laser welding is known [15], which can be considered as a promising method for 
obtaining bimetallic compounds, since the technological process is easily automated and allows 
joining metals of various combinations in a wide range of thicknesses. However, the mechanical 
properties of such welding are low, so heat treatment is used if necessary. 

Now, increasing the wear resistance of the working surfaces of parts by surfacing and spraying 
is widely used in mechanical engineering [16]-[18]. However, the high labor and energy intensity 
of the surfacing and spraying processes, the poor surface quality of the coating, as well as the 
possibility of formation of gas shells, pores, slag inclusions, cracks and other defects reduce the 
efficiency and widespread use of these technologies. 

Evaluating these methods in general, it should be noted that the common disadvantages are, 
firstly, the need to organize and implement a complete independent cycle of the technological 
process of forming a wear-resistant coating, and secondly, the depth of the hardened zone in most 
variants, except for surfacing, do not meet the requirements. In this regard, the technology of 
obtaining wear-resistant bimetallic coatings directly in the process of producing castings is 
considered the most preferable [19], [24], [25].  

The production of bimetallic castings in the casting process involves the complete or partial 
penetration of inserts made of wear-resistant material placed on the working surface of the casting 
during its crystallization [20]. Upon contact with the melt, the melt penetrates and partially melts 
the particles of the inserts to form a single bimetallic composition. 

Several factors have been established that directly affect the degree of abrasive wear: 
– Impact velocity. 
– Attack angle. 
– The abrasive particles size. 
– The moisture content in the soil. 
– Solid inclusions. 
– Abrasive particles concentration. 
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– The hardness ratio of abrasive particles and the working part of the part. 
The wear rate of the parts of the tracked running gear when the excavator is operating with the 

brakes on and at the same time the development of the soil is 1.4 times greater than when the 
excavator is moving. This shows that the working conditions of the parts in this mode are basic, 
especially since 90 % of the working time is spent on work, and 10 % on movement. 

The temperature conditions of agricultural and road construction machinery in the Republic of 
Uzbekistan vary widely from +45 ℃ to +55 ℃ in the southern regions in summer, up to –30 ℃ 
in the northern regions in winter, summers are dry, hot, without precipitation. Researches 
conducted on working machines have shown that the temperature of individual components and 
parts can reach 85-90 ℃ [21], [24], [27]. 

A detailed study of the worn links of the crawler movers of excavators made of 20GL steel 
revealed the following: 

– For 1000 hours of excavator operation, the treadmill wear of the caterpillar engine links is 
more than 5 mm. 

– The wear on the working surface of the links of the crawler is unevenly distributed, i.e. the 
middle of the treadmill is more worn and plastically deformed than that of the comb and edge. 

To ensure the optimal service life of the crawler engine of the excavator chassis, the wear 
resistance should be increased within 3.0-5.0 times [22], [23]. 

25GL steel is used as the material for the link. In order to increase the wear resistance of the 
caterpillar link, the well-known PG-C27 sormite type hard alloys (GOST 21448-78) were used as 
a coating (Table 1). The bimetallic compound was formed directly during the formation of 
castings. Steel was smelted in an electric arc furnace DSP-1.5, acid lining, spill temperature  
1570-1600 ℃. 

The macro- and microstructure of coatings, base metal and transition layers were researched 
on polished sections cut from the track link. 

The macrostructure of bimetal using MBS-2. The microstructure was researched using an 
OLYMPUS BXM microscope. Microhardness was determined using the MICRO-VICKERS CV 
400-AAT device. A 4 % solution of nitric acid in ethyl alcohol and a saturated solution of FeCI in 
HCl were used as an etchant. 

Table 1. The composition of PG-C27 type “sormite” hard alloy according to GOST 21448-78 
The components percentage, % 

Base C Cr Si Mn Ni W Mo 
Fe 3.3-4.5 25-28 1.0-2.0 0.8-1.5 1.5-2.0 0.2-0.4 0.08-0.15 

The chemical composition of the bimetallic coating was researched using 
microrentgenospectral analysis and secondary mass ion spectrometry. 

3. Results and discussion  

We propose the creation of a wear-resistant coating on the working surfaces of an excavator 
crawler mover based on a powdered hard alloy of the Fe-Cr-C system of the “sormite” PG-C27 
type (GOST 21448-75) for the development of technical solutions to increase the resistance to 
abrasive wear of the links of crawler movers of excavators working on agriculture and irrigation 
systems. The wear-resistant coating is created directly upon receipt of castings. 

To do this, two options for applying powdered hard alloy to the mold were investigated: 
– Applying a treadmill shape with a powdered hard alloy of the “sormite” type with a brush or 

spatula. 
– Placement of a pre-made insert made of powdered “sormite” directly on the foundry model 

of the crawler, in the treadmill area (Fig. 1), followed by molding in a sandy-clay form. 
The conducted research has shown that the second option of applying powdered hard alloy to 

the mold has several advantages: 
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– Firstly, the process of manufacturing inserts from powdered “sormite” can be automated. 
– Secondly, the insertion operation guarantees the production of high-quality bimetallic 

casting.  
Therefore, in further research, the second option was taken as a basis – the production of 

bimetallic castings. 
The technology of manufacturing inserts includes the following operations: preparation of a 

coated mixture and manufacture of inserts using the “hot box” method. 
The cladding of a powdered hard alloy of the PG-C27 brand (GOST 21448-75) was carried 

out in a paddle mixer. 
Phenolic powdered binder resin of the SF-011L (OST 6-11-441-78) type was introduced as 

cladding additives in an amount of 3-5 %. 

 
Fig. 1. Placement of the carbide insert on the casting model of the link:  

1 – casting model; 2 – carbide insert 

Based on the results of the experiments, the best method of “hot” cladding was established, 
which was performed at a mixing temperature of 130-140 ℃ and required a minimum amount of 
binder. 

The inserts were manufactured on a sandblasting machine using a specially designed and 
manufactured “hot” box (Fig. 2). 

 
a) Open position: 1 – lid; 2 – ventilation ducts;  

3 – drawer body; 4 –heater; 5 – thermocouple; 6 – hook 
 

b) Working position  
Fig. 2. Placement of the carbide insert on the casting model of the link 

The installation of ready-made carbide inserts into the mold was carried out with the help of 
clamps, by installing their casting model, followed by filling with a molding compound. The 
displacement of the inserts during the sealing of the mold was prevented by two clamps with a 
diameter of 1.5 mm, installed according to the dimensions of the insert with a height of 2.0 mm 
above the surface level of the model. 

The research showed that the lower position of the inserts in the mold is convenient from the 
position of placing the inserts during the assembly of the flasks and when pouring the melt. 
However, gas pores form in the coating due to the difficulty of removing gases. Therefore, in the 
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future, only the upper position of the inserts in the molds was used, in addition, it turned out that 
the inserts in the mold were firmly fixed. 

During the pouring of liquid steel 20GL (GOST 977-88) into the mold, there was an interaction 
between the solidifying base of the casting and the carbide composition PG-C27 of the “sormite” 
type. As a result, the carbide composition PG-C27 of the “sormite” type undergoes the following 
stages:  

– Melting of the carbide powder due to the heat released from the crystallizing metal. 
– Solidification of a hard alloy, which is formed between a sandy-clay mold, and an already 

hardened steel casting. 
Macrostructural analysis has shown that a wear-resistant, durable, relatively even rough 

bimetallic coating with a thickness of 1.5 mm to 2.0 mm is formed on the treadmill of the crawler 
(Fig. 3). 

 
Fig. 3. The macrostructure of the PG-27C carbide coating  

of the “sormite” type on the treadmill of the tracked link (x5) 

The microstructure of the bimetallic compound is a combination of a carbide coating with a 
dendrite structure characteristic of “sormite” type alloys and a ferrite-pearlite structure of pre-
eutectoid steel, which is the bearing base of the composition (Fig. 4). 

 
Fig. 4. Microstructure of the carbide bimetallic composition PG-C27 alloy – 20GL steel  

on the treadmill of the crawler link: I – after eutectic zone; II – eutectic zone;  
III – pre-eutectic zone; IV – base steel 20GL (x 100) 

The chemical composition of the carbide coating was studied using microrentgenospectral 
analysis for iron and chromium, and for carbon using secondary mass ion spectrometry at the 
SMIS device, the results of which are shown in Fig. 5. 

Microhardness researches by the cross section of coatings have shown (Fig. 6) that the 
microhardness of the carbide coating varies from 1000 to 1500 HV. The maximum hardness value 
falls on the surface area, the minimum on the area of connection of the coating with the substrate. 
The decrease in the microhardness of the coating occurs smoothly, and a sharp drop in 
microhardness is observed during the transition to the base. 

A layered phase analysis was performed on the DRON-2.0 X-ray machine using iron Fe 𝑘௔ 
radiation in 0.5 mm increments. The results of the layered phase analysis are shown in Table 2. 
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Fig. 5. The chemical elements distributing over  
the cross section of the bimetallic composition  

alloy PG-C27 – steel 20GL 

 
Fig. 6. The HV microhardness distributing  

over the cross section δ of the carbide  
coating PG-C27 type “sormite” 

Table 2. Phase distribution over the cross section of the carbide composition PG-C27 – steel 20GL 

Coating depth, mm Amount of phases, in % 𝛼-Fe Fe3C Cr3C2 
0 53-57 12-14 29-32 

0.5 68-71 9-11 18-20 
1.0 75-78 10-12 12-14 
1.5 80-84 8-10 6-8 
2.0 96-97 2-4 – 

4. Conclusions 

Thus, a technology has been developed for the production of a bimetallic compound steel 
20GL – a hard alloy of the Fe-Cr-C system, which is formed during the casting process by melting 
PG-C27 alloy powder due to the heat of the crystallizing melt. The created bimetallic compound 
on the working surfaces of the crawler engine operating under conditions of intense abrasive wear 
makes it possible to increase their wear resistance and service life.  

In order to increase the durability and wear resistance of cast parts of road construction and 
agricultural machinery, we have developed a technology for bimetallic steel - hard alloy PG-C27 
type “sormite”. The obtained bimetallic compound makes it possible to increase the abrasive wear 
resistance on the working surfaces of the crawler. 
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