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NEURAL NETWORK MODELING OF MECHATRONIC COMPLEX A "CRUSHER-MILL"
Crushing and grinding of solid products and solids are referred to mechanical processes in which the basic environ and additionally introduced components are involved: physicochemical, mechanical, or hydromechanical influences are applied which are carried out inside the working spaces of the apparatuses to obtain final products. The quality of the process determines its energy intensity and quantitative and qualitative indicators of the output product. One of the ways to ensure rational operation of technological mechanisms of crushing and screening plants is the use of adaptive control systems. For the work of an automated process control system, mathematical support is needed that adequately describes the technological processes and operation of the equipment, participating in them.
The purpose and objectives of the study

An objective model of a grinding object can be created subject to a good knowledge of the properties of the studied object. Therefore, to create a more complete idea of what the task of automating the crushing process consists in, it is necessary to consider the physical side of the process of destruction of the substance in grinding units. In grinding practice, a substance has the following properties [1]: density, abrasiveness, lumpiness (particle size distribution of the substance); crushability and grindability (parameters that determine the course of the destruction of a substance). In addition to the physical properties of a substance, there are a number of technological variables that determine the operation of grinding units such as productivity, size of the initial ore, ball load, and width of the discharge gap.

The aim of this work is to develop a model of a crushing and grinding complex. To achieve this goal, the following tasks are solved in the work: analysis of factors and parameters that determine the processes of crushing and grinding in grinding units, selection of the structure and parameters of the neural network corresponding to the multifactor task, determination and description of the factors that most affect power consumption.

Research results

Let the crushing complex consist of several grinding units included in the sequential work (Fig. 1). Each unit that is part of the complex is characterized by a certain power consumption or power consumption per ton of ground substance, the value of which depends on a number of factors (the mass of grinding environ M, aggregate productivity Q and the size of the feedstock T) and the size of the finished product [2]. The size of the finished product is determined by the operating mode of the unit and the grinding time, which affects the amount of power consumed. The ratio of the fineness of the product at the inlet to the fineness of the product at the outlet determines the degree of grinding of the product i. For N series-connected objects, the total degree of grinding is determined by multiplying the degrees of grinding at each stage.
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The amount of power consumption for the complex consists of the sum of the power consumption of individual units.
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When using specific power consumption as an optimization function, it should be borne in mind that this value is determined not only by the value of the received power, but also by productivity. Then the total specific power consumption of the group of objects (for a raw stream that does not change from object to object ‒ the condition for the joint work of complex elements connected in series) is determined by summing the specific power consumption of each stage.
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Then, the optimization task for a crushing complex with a productivity that varies within wide limits can be written as
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Fig. 1 Crushing complex model

The model of the research object is implemented on the basis of the ANN. The choice of the ANN mathematical apparatus for the implementation of the model is explained by the fact that such models provide adequate display of nonlinear multifactor systems by taking into account the existing relationships in a real object. For modeling elements of a crushing and grinding complex taken multilayer perceptron. The neurons of each layer are connected to the neurons of the previous and subsequent layers according to the “each with each” principle. Each network element constructs a weighted sum of its inputs, adjusted in the form of a term, then passes this activation value through the transfer function, and thus the output value of this element is obtained. Elements are organized into a topology with direct signal transmission. Particular attention in constructing a multilayer perceptron is given to determining the number of layers and elements [3].The number of input and output elements is determined by the conditions of the problem.

A neural network is built with the number of inputs equal to the maximum possible number of influencing factors and the number of outputs equal to the number of target values (Fig.2). In the group of regulatory factors, such main factors are distinguished as material loading, ball loading and the rotational speed of the mill drum. The regulation of the operation of a ball mill is carried out, first of all, due to its loading with the material. For open-cycle mills, the amount of power supplied is the main value determining the mill's productivity. The amount of supplied substance in combination with ball loading form the value of the circulation load, which affects the energy consumption of the object. The main of the parameters that have the greatest influence on the nature of the graph of the load of a ball mill is the weight of the balls in the mill [4].
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Fig. 2 Neural network model of a ball mill
The graph of power consumption versus ball loading is shown in Fig. 3 and is characteristic of any type of mill. In the figure, points 1, 2 correspond to an unbalanced circulating load (lack of balls); point 3 - balanced load, the most favorable mode of operation of the mill; points 4, 5 - the circulation load is not balanced due to an excess of balls and a decrease in kinetic energy; R xx - the power consumed by the mill without ball load and without power.
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Fig. 3 The curve of the dependence of the power consumed by the ball mill, from the ball load

For ball loading, it is important not only its mass, but also the range of loaded balls, since the size of the ball determines the grinding work it performs. In determining the required number of loaded balls, there are a number of difficulties associated with the inability to accurately determine the number and assortment of balls remaining in the mill.

When modeling the operating conditions of a ball mill, it is necessary to be able to assess the level of ball loading at any given time. Ball loading data contains information about loading times, the number of bodies loaded and the number of balls in the mill at the time of loading. Since the loading of grinding media is not carried out daily, there is no information on the number of balls in the mill between the additional loads. Therefore, approximation according to available data is used to find an empirical formula for the dependence of the change in the mass of balls in the mill on time and to calculate the values of the ball load for the required times. Data on changes in the number of ball load are shown in table 1.

Table 1

Change the amount of ball load

	t
	0
	10
	25
	35
	60
	95
	130
	180
	210
	260
	300
	350
	400
	435

	%
	100
	93
	86
	83
	76
	66
	58
	52
	48
	42
	40
	36
	34
	33


The wear of the grinding environ in the mill is described by a decreasing power function We accept for the description the dependence of the species 
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. The desired relationship between the degree of filling of the drum with grinding media P (% of the norm) or the weight of the balls (tons) and the mill operating time t, we take in the form: 
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logarithm of this expression, we obtain a linear relationship between t and log P:
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Putting t = 0, we find the coefficient a:
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To find the coefficient b, we combine all the experimental data into one group, then 
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whence b = - 0,0141.

Thus, the empirical dependence, which reflects the wear of the balls in the mill according to experimental data, has the form: 
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Using numerical indicators of the speed of rotation of the drum, the mass of the loaded substance and the calculated values of the mass of the balls, a training network exists. As a result of training the communication network between the elements, they will acquire some values, which will correspond to the least significance of each parameter. If it becomes necessary to evaluate the result, giving preference to other factors, then the network should be trained for a new assessment mode.

Produced network analysis with the purpose of revealing of elements connected to the network channels with the highest weights. Elements of the input vector associated with elements of the output vector by relations with insignificant weighting factors are recognized as factors that weakly affect the process and are discarded. Thus, the network can be simplified by removing those factors whose influence on the process is minimal. Further construction of models is carried out only with significant factors.

Findings
When automating the control of the grinding mechatronic complex, the amount of electric energy consumed depends on the properties of the substance being ground and technological variables, such as productivity, size of the initial ore, and ball loading. When developing the model of the crushing and grinding complex, taking into account the largest number of factors and their mutual influence is possible when using a multilayer perceptron as the base model, the input and output vectors of which are set based on the conditions of the optimization problem, and the parameters are determined by training on a test sequence.
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