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PARTIAL DIFFERENTIAL EQUATIONS MODEL FOR MODULAR 

CONVEYORS CONTROLLING  

Nikitina K.A., eng., National Technical University “Kharkiv Polytechnic 

Institute” 

 

Abstract. The variety of mathematical models for control is reviewed. The 

major problems with management of modular conveyors are described. The PDE 

(distributed) model of control of composite production lines is offered for apply. The 

key parameters of modular conveyor regulation for reaching optimal control are set 

out.  

Key words: modular (composite) conveyors, production lines, parameters of 

the production lines state, production management systems, PDE-model for modular 

production lines.  

One of the high spread mode of transportation today is belt conveyors. In many 

enterprises, mines and warehouses, modular belt conveyors have found wide 

application. And this fact is not surprising due to numerous advantages of using the 

belt conveyors as high length, flexible routing, low environmental impact etc. 

However, with many advantages of belt systems, they have several disadvantages 

and problems, including increased costs for long distance transport, significant 

conveyor belt wear and high energy consumption of the process. If considering some 

problems in details, it is possible identify their causes. So, high power expenditure 

can be explained by the control of the speed for separate conveyor that changes the 

statistical characteristics of the output flow, that, in turn, leads to a change in the 

amount of input flow on subsequent conveyors and high energy consumption [1]. 

Growth of cost transportation is caused by uneven loading along the belt conveyor. 

In order to decrease energy consumption and to reach optimal management for 

composite belt conveyors, some mathematical control models were developed. 

Nowadays, four major models are used for effective control of modular belt 

conveyors: discrete-event models (DES-model), models of the queuing, the fluid 
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model and the PDE-model [2]. Model in partial differential equations (PDE) is the 

most promising for flow lines that operate in transient modes or with variable 

capacity [3]. 

PDE-models is implemented by regulating the input flow of materials and the 

working capacity of the subjects of labor at each technological stage. The system of 

equations determining the behavior of the parameters for an additional driven 

production line description has the following form [4]:  
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The derived characteristic equation (4) determines the trajectories of the motion 

of individual objects of labor along the technological itinerary at the main conveyor 

line [5]. The movement of a particular object of labor is carried out with a constant 

speed equal to the speed of movement of the conveyor line. The production cycle 

duration is equal to the period of time during which the labor object moves from the 

first technological position to the last. 

The obtained results in [6] are primary for the further development of modular 

conveyor control systems composed of the one main and numerous subsidiary lines. 

The main line operates in continuous mode and additional conveyor lines in on / off 

mode [7]. An important result of this work is also a process for computation the 

duration of the manufacture cycle, based on the use of the characteristic equation 

(4). It allows to derive the dependence of the lasting of production on the distribution 

of objects of labor along a conveyor at a point in time, which determines the receipt 

of the first object for processing at the first operation. 
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