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Abstract.One of the modern methods of connecting railway rails when creating a continuous 

welded track is thermite welding. The gap between the rails, into which the metal is poured, is 

25 mm. However, when repairing rails on the way, it may not be enough to eliminate the 

defective rail section. Therefore, an increase in the welding gap up to 50 mm is considered a 

promising direction in the development of thermite welding of rails. T his study presents the 

results of modeling the process of rail welding by the thermite method using the NovaFlow& 

Solid CV software package. The purpose of the study was to assess the change in the length of 

the weld zone and heat-affected zone with an increase in the welding gap from 25 to 50 mm. 

The results of the simulation are thermograms reflecting the distribution of heat from the weld 

zone into the rails. These thermograms were used to determine the boundaries of the welded 

seam and the heat-affected zone. It was found that the use of a welding gap of 50 mm, instead 

of 25 mm, leads to the increase in the length of the welded seam by 1.3—1.6 times.  

1. Introduction 

On the railroad, thermite welding is used when welding rails. Thermite welding consists of two 

processes: the casting process and the rail welding itself. The casting process is as follows: a casting 

mold is installed at the ends of the rails (figure 1), then above the junction of two rails, a melting 

crucible is installed, into which a special powder is poured - termite. Termite is a mechanical mixture 

of iron oxides and aluminum powder. The source of oxygen in thermite is the oxide, and the source of 

heat is the metal that enters the mixture in pure form. Iron scale is used as oxides in thermite mixtures, 

and aluminum is used as combustible metals. Then the termite is ignited and when it burns, an 

exchange reaction of oxygen takes place with the release of a significant amount of heat. The molten 

metal is poured from the crucible into the casting mold and fills the gap left between the ends of the 

rails, starting from the foot of the rails, where it enters through a special sprue channel. Gradually 

filling the gap and empty space between the rails and the walls of the mold, the metal causes melting 

of the rail walls in contact with the end surfaces, and, solidifying, forms a single whole with the rails - 

a welded joint. The slag flowing out of the crucible behind the metal flows down the chute, leaving 

only a thin layer above the metal [1, 2]. 
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  (a)    (b)   (c) 

1- rail, 2 - mold, 3-crucible, 4 -molten slag, 5 - molten metal, 6 - sprue, 

(a) melting of the thermite mixture,(b) pouring the molten thermite mixture into the mold, 

(c) crystallization of the weld 

Figure 1. Scheme of thermite welding of rails by the method of intermediate casting. 

Today, when welding rails by the thermite method, casting molds with a standard technological gap 

of 25 mm are usedbetween the rails to be welded. When repairing and restoring a continuous welded 

track, casting molds with a technological gap of 50 mm are used. It should be noted that most of the 

studies are devoted to the study of thermite welded joints obtained using casting molds with a standard 

technological gap of 25 mm [3-12], and the technology of producing rail welded joints using casting 

molds with a gap of 50 mm remains underexplored.  

The purpose of the work is to determine the width of the weld and the heat-affected zone of the 

thermite welded rails joints obtained using a casting mold with a technological gap of 50 mm by 

computer simulation. 

In modern mechanical engineering, a large number of computer programs are used that allow you 

to simulate technological processes, determine the optimal processing modes for product 

manufacturing and identify defects at the design stage. In the foundry industry, the most popular 

foundry simulation programs are Procast, SOLIDCast, NovaFlow& Solid CV, and PoligonSoft. Using 

these programs, the technologist can select rational casting parameters, while there is no need to carry 

out field experiments. 

In our study, we used the NovaFlow& Solid CV program to simulate the casting process in the 

production of thermite welded rail joints. Determination of the width of the weld and the heat-affected 

zone is a time consuming task associated with the complexity of preparing macro sections. Earlier in 

[13-17], when studying the hardness of the weld and heat-affected zones, it was found that the width 

of the weld along the rolling surface when using a mold with a technological gap of 25 mm can reach 

from 50-70 mm. It is known that the hardness of the weld is lower than the hardness of the rail, 

therefore, on the rolling surface of the rail inthe weld area of thermite welded joints can develop 

defects such as crushing and wear. Therefore, the larger the width of the weld, the higher the 

probability of the above mentioned defects. 

2. Modeling 

For modeling in the NovaFlow& Solid CV program, it is necessary to build 3D models of all objects 

involved in the production of thermite welded rail joints: rail, weld and mold. In the computer-aided 

three-dimensional design system KOMPAS-3D, two models of a rail 500 mm long each one and a 

casting mold were built (figure 2). The dimensions of the rail model profile correspond to[18]. The 
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mold model is built according to [19]. Also, a model of a welded seam with a technological gap of 50 

mm was designed (figure 3). 

(а) 

(b) 

Figure 2. Models: (a) rail R65, (b)mold. 

 

Figure 3. Model of the weld seam and rails in the assembly. 

The designed models of rails of 500 mm, a weld seam and a mold with a technological gap of 50 

mm were connected into an assembly. Then the assembly was loaded into the NovaFlow& Solid CV 

software package (figure 4). 

 

Figure 4. Assembly converted with 

NovaFlow& Solid CV. 

 

For each item in the assembly, a material was selected from the material database. A steel grade 

with a carbon content of 0.7-0.8% was chosen for the rail, quartz sand for the casting mold, and a 

material with a carbon content of 0.5-0.6% for the weld seam. In addition, according to the 

technological process of manufacturing thermite welds, the operation of preheating the rails before 

welding is carried out, therefore the initial temperature of the rails was set at 8500°C in the program. 

The temperature of the poured metal was 2300°C. The ambient temperature, in our case the air 
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temperature at which welding is carried out on the way, was set at 20 °C. After entering the initial 

conditions, the gating point and temperature sensors were set (figure 5). The sensors were installed 

along the length of the rail welded joint near the rolling surface of the rail. 

 

Figure 5. 
Installation 

diagram of 

temperature 

sensors. 

3. Results 

The simulation results are presented in the form of temperature fields (figure 6) that appear in the rails 

during their welding. The temperature field can be used to judge the size of the heat-affected zone and 

the size of the weld, and temperature sensors make it possible to determine the temperature values in 

the weld and the heat-affected zone at different distances from the fusion boundary. 

 

Figure 6. Temperature field in the zone of the weld seam and seated rails. 

In order to determine the width of the weld and the heat-affected zone, we will use the data on the 

structure of the welded joint of low-carbon steel, presented in figure 7 [20]. 
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Figure 7. The 

structure of the 

welded joint of low-

carbon steel: 

1 - weld seam, 2 - 6 - 

heat-affected zone. 

For low-carbon steel with a carbon content of up to 0.3%, the melting temperature is approximately 

1100 °C, therefore, in  figure7; the weld zone is limited to this temperature. In our case, the carbon in 

the weld is 0.5 - 0.6%. The melting temperature of steel with such carbon content is about 1480 °C. In 

figure 6, this temperature corresponds to the area of dark purple colour. The length of this area is about 

80-90 mm, which corresponds to the size of the weld zone. 

The width of the heat-affected zone is determined by the heating temperature of the rail being 

welded. It is known that the heat-affected zone is the portion of the base metal adjacent to the seam, in 

which structural changes have occurred as a result of heating. As can be seen from Figure 7, for low-

carbon steel, structural changes occurred up to a temperature of 500 °C, this will be the heat-affected 

zone. In our case, for steel with a carbon content of 0.7-0.8%, the heat-affected zone should be limited 

to a temperature of 600 - 650 °C. The distance from the point of the vertical axis of the weld seam (red 

point in figure 6) to the point 600 °C is 120 -140 mm. Consequently, the length of the heat-affected 

zone is about 80 - 95 mm. 

4. Summary 

Thus, the study made it possible to determine the area of the weld seam and the heat-affected zone of 

the thermite welded rail joint obtained using casting molds with a technological gap of 50 mm. It was 

found that the use of a mold with a technological gap of 50 mm, instead of a mold with a gap of 25 

mm, leads to an increase in the length of the weld zone by 30 - 60%. The simulation results can be 

used in the development of methods for monitoring thermite welded joints of rails by non-destructive 

testing methods, as well as in the development of technologies for strengthening the welded joints of 

rails. 
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