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Abstract—This article is devoted to designing an information management system for the conveyor line of mining enterprises. The 

analytical design method for the transient mode of the stepped speed control system of the conveyor line was developed. The partial 

differential equation was used in constructing the conveyor line model. The description of the production system is fulfilled in the single 

step approximation. A decision was obtained which determines the state of the parameters of the production line for a technological 

position specified as a function of time. Has been determined the length of the transition period during which the initial condition for the 

distribution of labor objects along the conveyor affects the parameters of the state of the conveyor line. The method for calculating the 

current parameters of a conveyor line with the use of partial differential equations allows the design of control systems for production 

lines of conveyor type for transient modes. The originality of the results obtained is to improve the PDE-models of the conveyor-type 

production systems used to design highly efficient production control systems operating in transient modes. 

Keywords—conveyor, PDE-model, production cycle; mass production; work in progress; balance equations; quasi-static process; 

stochastic process. 

 

The competitive ability of a modern industrial enterprise is largely determined by the level of optimization of the 

production process. Reducing the number of mineral reserves with a constant increase in the level of world standards 

requires the design of more and more effective management systems for the parameters of production of the mining 

enterprise. 

This leads to the emergence of new concepts for the design of effective information systems, whose task is to increase 

the productivity of the production process in conditions of increasing restrictions on modes and methods of production [1]. 

One of the main tasks that have to be dealt with in modern mining enterprises are a) reducing the energy costs required 

to transport a ton of rock from the site of direct production to the place of shipment from the mine; b) increasing the capacity 

of mine conveyor systems [2-4]. These tasks are especially important when the mining enterprise is operating in transitional 

regimes, which are the results of constantly acting external and internal disturbances in the parameters of the production 

system [5], with a constant fluctuation of the global demand for products.  

Belt conveyors are one of the main means of continuous transport in mining enterprises. Increasing the productivity of 

conveyors operating in quarries, their reliability, durability, and at the same time, energy saving are one of the most 

important conditions for increasing the technical level and efficiency of mining. In this regard, when designing information 

management systems for mining operations, an important place is given to the construction of efficient models of conveyor 

lines [2-6]. 

Conveyor lines of modern coal mines and quarries work for a considerable time when loading below the nominal value. 

Direct technological connection of prefabricated lines with conveyors of mining areas in the absence of an adjustable 

conveyor drive excludes the possibility of controlling the intensity of cargo flows on transport lines. The mechanical part 

of the conveyor has a significant inertia, which is caused by the masses of its moving elements. All this creates technical 

difficulties in solving the problem. 

The conveyor speed is controlled in two ways: discreetly and continuously. Discrete regulation is based on a change in 

the speed of the conveyor belt when the input freight flow reaches certain threshold values accepted for adaptation values 

[6]. With continuous regulation, it is proposed to create such a mode of operation of the conveyor, in which the speed of 

the belt varies in proportion to the freight flow in such a way that the load on the belt remains constant and with the maximum 

possible design. When discrete control of conveyor speed, first of all, it is necessary to determine the required number of 

stages of drive speeds. The number of stages of speed regulation is determined based on the range of changes in the 

productivity of the mining machine, that is, based on a change in the coefficient of unevenness of the cargo flow. Wherein 

adhere to the recommendations: а) the conveyor should provide the maximum economically feasible and technically 

possible productivity of the excavating machine; б) the average speed of movement of the traction organ should be minimal. 

The load on the belt from the rock material distributed along the route is directly proportional to the incoming value of the 

cargo flow and inversely proportional to the speed of the belt. 
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Analysis of modes of operation of conveyor transport shows the availability of reserves to improve the performance of 

transport  equipment [1,2,6]. 

A significant increase in the efficiency of the use of conveyor transport can be achieved by regulating the speed of the 

conveyors depending on the traffic flow [4,6]. The actual task is the task of developing a informational system for automatic 

control of the speed of the belt conveyor in order to increase the efficiency of using the conveyor by reducing the length of 

the run of its traction body, reducing wear of friction parts and saving electricity. Also, the efficiency of production can also 

be improved if a set of conveyor belts is presented as a graph. 

For the design of control systems of transport systems are used as the main models –discrete-event simulation and 

queuing theory models[3-5]. In this paper, to describe the continuous process of rock movement along the conveyor route, 

we use the PDE model (Partial differential equation - model). A detailed comparative analysis of discrete-event simulation, 

queuing model models and PDE-models in the field of application to the description of production systems with a 

streamlined method of production organization is carried out in [7,8]. PDE-models are most in demand at the time when 

designing flow control systems that operate in transient modes or with variable capacity [9,10], when the use of discrete-

event simulation and the queuing model becomes inefficient. It should also be pointed out that PDE-models have been 

widely used for the design of highly efficient control systems for industrial production of semiconductor products [8,11]. A 

general-purpose conveyor line model with a constant belt speed is presented in [12]. 

In this paper, attention is paid to designing a control system for a conveyor line in a transitional mode, when a conveyor 

is run on which a rock is distributed along a transport route.  

 

 
Fig. 1 Optimal control for transient process 

 

The obtained results of the research are basic for the development of control systems for conveyor lines in the transitional 

regime. The influence of the initial conditions on the rate of rock output from a conveyor-type transport system was 

considered. An important result of this work is the method of calculating the duration of the transition period, based on the 

use of the characteristic equation. The dependence of the duration of the transition period on the initial distribution of labor 

objects along the conveyor line was obtained. The length of the transition period is determined by the selected speed control 

mode of the conveyor belt. Next perspective of the development of the issue discussed in the paper is the design of a control 

system for a transport system consisting of a large number of connecting conveyor lines located both in series and in parallel. 
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