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ABSTRACT 

A universal simulation computer model has been developed that allows conducting research on any operating 

modes of any type of belt conveyors, depending on the requirements of the technological process.  
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INTRODUCTION 

To study the dynamic and energy characteristics of belt conveyors with an adjustable electric drive, it is 

advisable to consider the belt conveyor as a single technological complex together with an energy-saving 

frequency-controlled electric drive.  

Dynamic indicators and parameters of energy consumption of a conveyor installation based on the study of 

technological modes of operation of a belt conveyor based on a frequency-controlled electric drive with a DC 

intermediate link are considered using a simulation computer model synthesized in the MATLAB - Simulink 

– Sim Power Systems environment.  

The power channel is implemented in the specialized package Sim Power Systems, which actually makes it 

possible to approximate computer studies of the operating modes of electromechanical systems that are close 

to the behavior of real objects [1-70].  
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The control channel is built on the basis of blocks of the main Simulink package, which in the latest versions 

of the MATLAB system are universal and allow you to solve almost any problem when modeling complex 

objects [2-10].  

 

METHODS 

To model the mechanical part of a belt conveyor, mathematical descriptions of the processes under study are 

necessary. Next, we use special mathematical blocks from the Simulink package libraries that implement the 

necessary dependencies in the required sequence of their execution.  

An imitation model of a belt conveyor containing virtual, structural, and mathematical components is shown 

in Fig.1. 

The power channel of a frequency-controlled asynchronous electric drive is determined by the virtual 

component, the structural one – by the frequency converter control system, and the mathematical one-by the 

mechanical part of the belt conveyor. 

The elements of the power of the electric drive of the main parameters entered in the field settings, the 

corresponding blocks: AC – three phase AC mains (line voltage, frequency, resistance and inductance of the 

source); signals to enable/disable; UVI – sensors three phase voltages and currents (a type of voltage – linear 

or phase); LF – filter electromagnetic compatibility of the frequency Converter with a network (resistance and 

QF – power circuit breaker at the input (resistance in the closed state); 

The control system is made with a digital PID speed controller AR.  

The control of an autonomous inverter in PWM mode with a given switching frequency of the valves is 

provided by the AUZ block, and the scalar control law U/f=const is implemented by the functional converter 

FP. The non-linear AV element controls the brake resistor block with respect to the maximum voltage in the 

DC link set by the EV block.  

The required transmission coefficient KKw is set by the Cw block as a negative speed feedback constant, 

coordination between physical quantities is provided by blocks Cn, CV, respectively, in terms of active power 

Kn and linear speed Kv of the conveyor belt.  

 

Rice. 1. Simulation model of a belt conveyor 
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At the input of the system, a typical device is used in the form of an intensity sensor implemented on the basis 

of a nonlinear element AH and a digital integrator INT. 

The main energy characteristics: total S1, active P1 and reactive power Q1 consumed by the system from the 

network, as well as the power factor cosφ and the efficiency coefficient n are determined by the subsystem BE1 

from signals from voltage and current sensors. In addition, the active mechanical power on the motor shaft P2 is 

calculated.  

Blocks EQp, EQi and EMc form amplitude-time diagrams of changes in the values of cargo flow entering the 

belt, productivity at the conveyor output, and static torque of the electric drive, respectively. AQF – automatic 

control unit (feed times, inductance); U – rectifier on diodes (resistance of valves, voltage drop across them); 

VT – IGBT transistor (resistance) for connecting the brake resistor R (resistance); C – capacitor filter in the 

DC link (capacitance); UV – voltage sensor in the DC link (no); UZ – autonomous voltage inverter of the 

frequency converter on transistor IGBT modules (open state resistance, voltage drop across transistors and 

reverse circuits). M is an asynchronous electric motor with a short-circuited rotor (power, voltage, mains 

frequency, stator resistance and inductance, rotor resistance and inductance reduced to the stator, mutual 

inductance, moment of inertia, coefficient of friction, number of pairs of poles, initial state of the machine).  

The speed of the conveyor is regulated as a function of the cargo flow that enters the conveyor, taking into 

account changes in the coefficient of resistance to the movement of the belt along the rollers.  

The mechanical part of the pipeline is modeled using calculators B1-B10, which use combiners Mux, Mux1, ..., 

Mux5 to select the necessary input signals to implement the required mathematical dependence.  

The minimum speed of the belt vmin, at which a constant and maximum running load qgmaxc is maintained from 

the material being moved (calculator B1) is determined by the formula: 

vmin =
Qg

3,6qgmax
. (1) 

where 

 

Q - conveyor capacity, t/h. 

  

 

g - acceleration of gravity, m/s2.  

The running load q from the load qg and the belt ql , taking into account the conveyor angle α (calculator B2), 

is determined by:  

q=(qg+q1) cosσ.    (2) 

The power with an unregulated electric drive Pc (calculator B9) and when adjusting the conveyor speed Pv 

(calculator B10), as well as mechanical power on the motor shaft Pw is equal to:  

Pc=AQ+B vnom, Pv=AQ+Bvmin m, Pw==Mω,  (3) 

where vnom - nominal speed of the conveyor belt, m/s.  

Consider a conveyor system with a capacity of P=90kW, capacity Q = 250 t/h, length L = 121 m, belt width 

B0 = 1200 mm and belt speed v = 1,14 m/with drive asynchronous motor power P = 90 kW, a voltage of U = 

380 V and a speed of n = 1500 Rev/min. 

The operating algorithm of the model takes into account the following technological mode of operation of the 

belt conveyor:  

0 ≤ t ≤ 10 s – start at idle and accelerate to the rated speed.  

10 < t ≤ 15 s – operation at nominal cargo flow;  

15 < t ≤ 25 s – reduction of cargo flow by half.  

25 < t ≤ 35 s – a four-fold reduction in productivity.  
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35 < t ≤ 40 s – operation of the empty conveyor with its subsequent stop at t > 40 >s.. 

The implementation of the above algorithm is provided by the joint operation blocks EQp, EQі, EMc. The 

numerical values of the corresponding input coordinates-cargo Qp flow qp, productivity Q and static moment 

Mmc - are set at the required time t.  

In Fig. 2 shows the diagrams and phase trajectories obtained as a result of modeling. 

Crustal and load diagrams (Fig.2, a) show a sufficiently high quality of transient processes in dynamics and 

the accuracy of working out set values in statics both relative to the angular velocity and electromagnetic 

torque of the engine.  

Adjusting the speed of the drive motor depending on the amount of cargo flow in order to maintain a constant 

running load is shown in Fig. 2.a (lower diagram). 

Energy characteristics with respect to capacities, high values of the power factor and efficiency show the 

efficiency of using a frequency-controlled electric drive for a belt conveyor (Fig. 2. b).   

a – dynamic characteristic mode, b – active power consumed when the performance changes 

Figure 2. Performance pipeline installation Transient graphs 

 

Obtained graphs of active power consumption (Fig. 3, вc)  

When changing the productivity with unregulated and regulated electric drives, it is shown that regulating the 

conveyor speed as a function of cargo flow, taking into account changes in the coefficient of resistance to belt 

movement, can significantly reduce energy consumption. Thus, when the productivity is reduced by 2 times, 

the power consumption decreases by 36% [3-20-20]. 

 

RESULTS 

The results confirm that the use of an adjustable electric drive for belt conveyors is most effective and 

appropriate when the route is located horizontally.  

Numerical values of the active power consumption for different operating modes of the belt conveyor, 

depending on the angle of inclination, are shown in Table 1. 
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Table 1 Quantitative data on active power consumption 

Conveyor tilt angle, 

deg 
α = 00 α = 30 α = 60 

Active power, kW Pw Py Pc Pw Py Pc Pw Py Pc 

Conveyor 

acceleration to idle 
30 0 72 30 0 72 30 0 72 

Conveyor idling 8 0 72 8 0 72 8 0 72 

Cargo flow 100% 152 152 152 152 250 250 152 342 342 

Cargo flow 50% 85 85 115 85 135 170 85 190 220 

Cargo flow 25% 40 40 92 40 60 110 40 85 140 

Conveyor 

deceleration without 

load 

1 0 72 1 0 72 1 0 72 

Pipeline stop 0 0 0 0 0 0 0 0 0 

 

The model also makes it possible to conduct research on the influence of the belt conveyor tilt angle on energy 

consumption. In Fig. 3 shows graphs of changes in the consumed active capacities depending on the angle of 

inclination of the conveyor track. 

Analysis of the obtained results shows that for a horizontal conveyor, the power consumed by the drive and 

the installation as a whole are almost equal in all operating modes, with a small angle of inclination α = 3°, 

the energy consumption of the conveyor relative to the drive increases by about 35-40%, depending on the 

size of the cargo flow.  

The obtained results allow constructing a combined simulation model of a conveyor installation in the form 

of a single technological complex consisting of an electric drive and a mechanical part of the conveyor itself.  

 
a-α = 00

 

b − α = 30 

c-α = 60 

Rice. 3. Graphs of changes in energy consumption depending on the conveyor tilt angle of the conveyor tilt 

angle 

 

The study of possible technological modes of operation of the conveyor system confirmed the efficiency and 

expediency of using a frequency-controlled asynchronous electric drive, which makes it possible to provide 

high dynamic performance, as well as stabilize the linear load on the belt while reducing energy consumption 

depending on cargo flow and current productivity. 
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The developed model is universal, which makes it possible to conduct studies of any operating modes of any 

type of belt conveyors, depending on the requirements of the technological process.  

 

CONCLUSIONS 

Based on the analysis of existing electric drive systems of conveyor transport, the requirements for electric 

drives of belt conveyors are determined. A universal simulation computer model has been developed that 

allows conducting research on any operating modes of any type of belt conveyors, depending on the 

requirements of the technological process.  
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