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of refractory laying of ladles and melting devices). Based on analysis of implemented technologies the principles of resource saving are 
formulated and systematized, and their interrelation is established. 
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1. Introduction 
The upcoming accession of Russia to the WTO will require 

the Russian market participants to increase their competitiveness, 
first of all at the expense of reducing the cost price of manufactured 
products. 

The concept of sustainable development of present economy 
limits the further extensive development, and must be received by 
Russian market entities. In view of the strategic importance of the 
sectors of procure-processing complex (PPC) in ensuring the 
economic security of the country, the creation of conditions for 
their sustainable development is an important economic task. At the 
present stage of the PPC development the determinant of the 
complex functioning effectiveness in conjunction with consuming 
its products industries becomes a resource saving. 

To ensure the efficiency of financial and economic activity 
of PPC enterprises it requires the scientific justification for 
shortcomings of the existing production technologies and the 
development of measures on improvement of the organizational - 
economic mechanism of finished commodity production on the 
basis of optimizing of resources using and improving the level of 
ecological compatibility. The urgency of this problem, as well as 
the modern requirements to the technologies of manufacture of cast 
parts define the direction of development of foundry production 
during the next decade. 

In order to form the technological foundations of resource-
saving foundry process, analysis and development of existing 
technologies in this direction it is necessary to identify the main 
criteria for the efficient production of castings. 

 
2. Prerequisites and solution of the problem 

The prerequisites for solving the problem became the 
developed and introduced at Russian enterprises technologies, 
characterizing by resource-saving features at one of the stages of 
casting production process: 

• preparation of raw materials; 
• manufacturing of foundry form; 
• melting metal; 
• filling with liquid metal to the form; 
• knock-out of castings from the form. 
The use of liquid crystal-hydrated mixtures for monolithic 

forms on smelt models on the basis of gypsum or cement binder  
[1-3] is perspective in the foundry industry. This type of formation 
process provides high rates of ecological safety: there are no 
hazardous for human organic compounds, no vibration and dust on 
the moulding sector. 

The filled moulding allows the usage of different fractional 
composition of the same sand or the usage of wastes of production 
chamotte wares. Casting to the liquid crystal-hydrated forms is less 
demanding to the structure of the forming equipment. 

During the research there were worked out the new 
compositions and methods for preparation of high-tech gypsum and 
cement mixtures. The efficiency is achieved due to usage of waste 
of metallurgical production - a cyclone dust of chamotte production 

(CDCP), crushed quartz sand, technological addition of aluminium-
nitrate and solutions of aluminium-chrome-phosphate binder 
(ASPB) or aluminium-boron-phosphate (ABPC) concentrate, for 
the first time applied in the mixtures on the gypsum binder. CDCP 
with an optimal combination of fractions of crushed quartz sand 
provides the increasing of strength characteristics. The usage of 
aluminium-nitrate, solutions of ASPB and ABPC improves the 
rheological properties of the suspensions. 

The results of the dilatometry show that the worked out 
compositions of molding mixes differ by smaller and more gradual 
growth of samples’ size during thermal processing. This ensures a 
high crack resistance of the forms and allows to speed up 1,7...2,0 
times the cycle of the calcinations, excluding long-term exposure 
and reducing the energy intensity of castings production. The 
designed compositions of mixtures in the range of temperatures of 
20 to 700 ºС have a coefficient of thermal linear expansion (CTLE) 
equal to 0,23…0,45⋅10–5 ºС–1 which is in 2...4 times less than the 
mixtures: «Jeweler-2» (CTLE  is 0.88 to 10–5 ºС–1) and «Ultra-
vest» (CTLE is 0,85⋅10–5 ºС–1). Consequently there ensures the 
increasing of dimensional accuracy of molds and castings. 

The absence in Russia of centralized supply of charge 
materials leads to a decrease of the quality of raw materials sources 
for the production of forgings. Enterprises are forced to use the 
materials which are inconsistent in their chemical composition to 
the requirements of state standard specification and other normative 
documents. 

In these conditions the required customer casting quality at 
minimum cost of raw materials can be provided on the optimal 
calculation of the charge components. The task must be solved by 
computers, and mathematical dependencies must take into account 
the coefficients of the assimilation of alloying elements depending 
on the type of the supplied material and instability of chemical 
composition. 

Optimization problem can be successfully solved by means 
of electronic tables, with the procedure «Search for solution...» [4]. 

In the case of manufacturing parts, working in the 
simultaneous operation of erasive and shock load, there is used 
high-manganese steel. The high temperature of filling of this steel 
is unacceptable, as it leads to intensive oxidation processes. The 
formed oxides of manganese in contact with the material of rods 
and forms generate a low-melting silicates (separation). In addition, 
in castings, crystallizing from the overheated steel, there develops 
the histogram structure, resulting in a sharp decline in the strength 
and the wear resistance of castings. 

The choice of manufacturing method of cast parts of this 
steel mainly depends on their dimensions, configuration and the 
ability of creation of directional solidification of a casting. 

There are known the classical methods of quality casting of 
slabs of this steel, but they characterize by the low technological 
output of finished product (TOFP) (45 to 60 percent) and labor-
intensive process due to with the necessity of manipulating the 
casting form during the filling. The developed resource-saving 
technology of hisg-manganese steel manufacture for casting in 
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single sandy-argillaceous forms differs resistant to fluctuations in 
the chemical composition of the steel and the temperature of filling, 
but also eliminates additional manipulations with cast form. The 
special design of the gating system in combination with the rational 
location of the direct profit provides the receiption of high-quality 
slabs with the increase of TOFP to 1.5...1.7 times [5]. 

Carried out in works [6-8] studies of the impact of the short-
impulse electromagnetic field on the molding materials and alloys 
have shown that this kind of physical impact provides a decrease in 
the amount of molding materials, an improvement of their 
properties, as well as increasing the efficiency of the stage of the 
melt preparation. For example, the processing a pulsed 
electromagnetic field (PEMF) reduces the kinematic viscosity of 
filler of gypsum suspensions to 1.1...1.7 times, which allows to 
increase their degree of filling and increase by more than 50% of 
the strength and crack resistance of casting molds and cores. In 
case of processing of non-ferrous alloys, such as aluminum AK5M 
and zinc ЦА4, their structure becomes more dense and compact. It 
is also noted an increase to 70% of fluidity of alloy AK5M, and 
relative elongation of ЦА4 increased in 3 times. 

The logical development of this physical method is the 
development of processes oriented to adoption of PEMF in the 
system of solidifying alloy. The installation can be implemented in 
the form of a special mold, containing in its structure radiators of 
PEMF. In this foundry form the electrodes should be placed on the 
surface of the emerging casting (similar to the outside of the 
refrigerator), and after its hardening must be separated. 

As the important factor in the processing of metal melts by 
PEMF is the duration of effect on the metal in the liquid phase, the 
effectiveness of the process will essentially depend on the thermal-
temporal processing of melt before pouring it into the form. There 
don’t excludes the possibility of combining in one technological 
scheme the impact of the melt in the liquid phase and during the 
period of its crystallization, which can be important in terms of 
reducing resource and energy consumption [9]. 

The new experimental data obtained in the course of 
research will allow us to specify the pattern of electromagnetic 
impact on crystallizing process and the structure of metal alloy, to 
reduce energy costs during the irradiation of the alloy, as well as to 
extend the scope of PEMF in the technology of castings 
production.  

To achieve the maximum usage of the materials in the 
course of the whole technological chain of manufacture of cast 
parts it is necessary to carry out monitoring of the process 
parameters, and with the help of special software to analyze, 
forecast and optimize the current consumption of materials. 

For example, in metallurgy and machine-building industry 
for the smelting, transport and casting of metal alloys there are used 
furnaces and ladles, lined refractory material. 

As a refractory masonry the periclase-carbonaceous bricks 
of trapezoid form are used. Moreover, for each furnace zone (slag 
zone, bottom zone, etc.) the refractories of certain sizes are used. 

The service life of these ceramic products is limited to a few 
weeks and depends on the properties of the material from which 
they are made, the operating conditions in the workshop, as well as 
on the quality of a laying. In the ideal case, the quality masonry 
must have a «zero» gap between the bricks. 

The procedure of replacement of the lining waste to the new 
one is very time-consuming, which is primarily due to the perfect 
fitting of the bricks to the specified sizes. An error in the 
installation of the first brick or violations of the order of 
refractories in a row leads to a shortage in the warehouse of the 
products of a certain type. As a result of the process of lining is 
prolonged, if the sequence of laying bricks is adjusted, or shall be 
suspended until the refractories of the desired type will be received 
to the warehouse. In any case, the enterprise suffers losses due to 
downtime or additional purchase lining materials. 

The developed software module called «CERAM-optima» 
allows the calculation of rational parameters of refractory masonry 
for a given geometry of lined design. The module also implements 

2D and 3D visualization of masonry and display the results of the 
calculation in the form of the electronic document [10]. 

These resource-saving technologies were introduced in the 
foundries of the Russian Federation with a total annual economic 
effect of the order of 10 million rubles. 

 
 

3.   Results and discussion 
With the account of described stages of the foundry process, 

we formulate the following principles of resource saving: 
the first principle is «multiple usage and deep recycling of 

raw molding and charge materials»; 
the second principle is «application of environmentally 

friendly processes of formation and melting of metals»; 
the third principle is «ensuring the quality filling of the mold 

melt and formation of suitable casting»; 
the fourth principle is «maximum loss of strength of the 

mold after solidification and cooling of casting»; 
the fifth principle is «growth of TOFP and the coefficient of 

metal use in the manufacture of cast parts»; 
the sixth principle is «monitoring and optimization of the 

current consumption of foundry workshop resources». 
Let us analyze the formulated regulations. 
To do this, let us divide them into groups: principles, 

reflecting the level of process automation; principles that reflect the 
level of casting technologies development; principles that reflect 
the level of skills of engineers. It is obvious, that the first group is 
only the principle of monitoring and optimization of the current 
consumption of resources, and only the principle of qualitative 
filling out the form belongs to the last group. The second group 
will make up the remaining 1st, 2nd, 4th and 5th principles. 

Since the overall level of effective usage of resources in the 
foundry is determined by the degree of development of 
technologies for the first of all, let us place the first, second, fourth 
and fifth principles in the centre of a hierarchical system, depicted 
in the form of a pyramid in figure 1. 
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Fig. 1 Principles of resource saving in the foundry industry 

 
 

Reduction in the efficiency of resources usage will depend 
on the human factor (qualification of engineer), so the third 
principle place at the bottom of a hierarchical system. In the upper 
part of the pyramid there arrange the sixth principle, which is 
associated with the only possibility of increasing the use of the 
conjunction of the foundry workshop elements, that is to control 
and optimize the consumption at all stages of the technology. 

In addition to the hierarchy of the principles let us set their 
relationship, fig. 2: the fifth one is connected with the third, and all 
of them are subordinated to the sixth one. 
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Fig. 2 Relationship of the principles of resource saving in the 
foundry industry 

 
 
 4.  Conclusion 

Summing up the article, it should be noted the following. 
1. At a level of resource saving given by the casting 

technologies the maximization of this indicator is only possible at 
the expense of information factor. 

2. The only factor reducing the effectiveness of the usage of 
resources is the human one. 

3. Design of technology of details manufacture by method of 
casting in present conditions must be based on the principles of 
resource-saving, reflecting the level of skills of engineers, the 
development of foundry technologies and automation of foundry 
process. 
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