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Abstract. The article describes new approaches to calculating the thermal regimes of induction crucible 

furnaces, as well as methods for calculating them using converted thermal circuits. The principles of 

constructing thermal models of structural parts and molten metal of induction crucible furnaces based on 

converted ETS and their use for the development of optimal systems for automatic control of the metal melting 

process are considered. The methodology for the development of ETS and the compilation of heat balance 

equations for induction crucible furnaces with a capacity of up to 1000 kg is presented.. 

Induction crucible furnaces used in foundries for smelting 

ferrous and non-ferrous metals have a large installed 

capacity. [nine]. The task of their control is to maintain 

the value of the maximum power during the period of 

melting and a given temperature during the holding period 

(to remove sulfur and impurities from the melt) before 

casting [4]. The problem of the synthesis of control 

systems for the thermal regime of the ITP is reduced to 

the development and hardware implementation of an 

algorithm that ensures the control of the melting mode of 

the metal, based on information about the average 

temperature of the metal being melted [5]. One of the most 

difficult problems in the design of ITP control systems is 

the development of a control system in transient modes of 

operation of this installation [4]. 

To study the heating processes of the main structural 

parts and the molten metal of the ITP using the ETS 

method, we select the number of thermal bodies, thermal 

conductivity between them and heat transfer to the 

environment. 

The study of the thermal process is carried out on the 

basis of the following basic provisions and assumptions: 

1. ITP is considered symmetric; 

2. We consider that the values of thermal conductivity 

and heat transfer do not depend on temperature; 

3. We believe that the electrical and thermal 

parameters are not distributed, but concentrated. 

Taking into account the above conditions, an ITP with 

a capacity of up to 1000 kg with an open lid will compose 

an ETS with four thermal bodies: 1 - molten metal, 2 - 

inductor, 3 - lining and 4 - case with internal heat sources 

(Fig. 1, a) [1] . 

These thermal bodies are interconnected by the 

corresponding thermal conductivities, and the thermal 

bodies, the metal being melted and the body, also have 

heat transfer to the environment (Fig. 1, b), and each 

thermal body has, respectively, heat sources. For ETS, the 

system of equations for the heat balance of the steady and 

unsteady thermal regimes of the ITP is the basis for the 

mathematical models of these modes. 

We compose a system of differential equations for the 

heat balance of the unsteady mode of operation of the ITP 

according to the presented ETS (Fig. 1, b): 
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In the recording of the heat balance equations (1) and 

in the symbols in the ETS (Fig. 1, b),  

the same designations are adopted - the indices mean the 

serial number of the active parts of the ITP under 

consideration; 

  - excess of the temperature of the molten metal, inductor, 

lining and housing of the ITP, 0С; 

 - active and power losses of the corresponding parts of 

the ITP, kW, in this case P4 = 0; 

 - thermal capacities of the corresponding parts of the ITP, 

kW s / 0C; 

 - thermal conductivity between the considered parts of 

the ITP; 
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 -total thermal conductivity of the considered parts of the 

ITP; 

 - heat transfer of the molten metal and the ITP body. 

 
A) 

B)  

Fig. 1. Sketch (a) and the equivalent thermal circuit of the 

ITP with a capacity of up to 1000 kg (b) 

The general view of the solution of this system of 

differential equations for heat balance (1) is as follows: 
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where the exponents of the roots of the characteristic 

equation (2.1), have the dimension s-1 and physically 

represent the values inverse to the heating time constants 

of the individual structural parts of the ITP and the molten 

metal; integration constants are determined from the 

initial and final conditions of integration; I and j are 

ordinal numbers of thermal bodies. 

With the help of this calculation method, it is possible 

to calculate the unsteady heating process occurring in the 

molten metal and the main structural parts of the ITP and 

determine the temperature rise in the parts of the furnace 

of interest. 

Since the steady-state heating mode of a crucible 

induction furnace is a special case of an unsteady system 

of equations (1), then, having adopted, we obtain a system 

of heat balance equations and write it in matrix form: 
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The general view of the solution of the system of heat 

balance equations for the steady-state thermal process of 

the ITP for each considered thermal body has the 

following form: 
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private determinants. 

The thermal conductivity, heat transfer, thermal 

capacities presented in the above equations are 

determined based on the specified geometric dimensions 

of the elements and parts of the crucible induction furnace 

and the thermophysical parameters of the materials used 

in them. 

It should be noted that the calculation method 

presented above has a relatively complex algorithm, 

which complicates its widespread use in engineering 

practice. To facilitate the solution of the thermal problem 

as applied to engineering practice, further improvement of 

the thermal calculation method based on the converted 

equivalent thermal circuits is required. 
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