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Abstract

Modern designs of belt conveyors have been considered. The types of uneven load distribution and its impact
on the control system of the built-in drive of the belt conveyor have been analyzed. It is proposed to use a control
system for the built-in drive of the belt conveyor equipped with a control device that ensures continuous opera-
tion during overload conditions.
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Modern belt conveyors are widely used in agriculture (see Fig. 1), construction, mining, and other
industries due to their automation level, reliability, controllability, and energy efficiency indicators [1,
2, 3]. Embedded hydraulic drives for belt conveyors are gaining popularity, as they ensure compact-
ness, improved reliability, increased energy efficiency, and reduced maintenance costs compared to
other drive types [4, 5]. During operation, belt conveyors are exposed to various types of variable
loading, which negatively affect their durability [6, 7]. Dynamic loads (arising during startup, shut-
down, or speed change, which may lead to oscillations and vibrations) and unevenly distributed loads
(caused by material heterogeneity or uneven belt loading, potentially resulting in local overloads) sig-
nificantly impact the control system of embedded drives, as shown in Fig. 2 [8, 9, 10].

Fig. 1. Kwik-Belt conveyor by Norwood Sales
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Fig. 2. Uneven load distribution: a — continuous; b — pulse; ¢ — actual

To ensure uninterrupted conveyor operation under overload conditions, the research team proposes
using a control system for the embedded hydraulic drive with a control device (see Fig. 3) [11, 12].
The control device is a two-stage valve: the first stage (1) controls the pressure in the pressure line of
the control system, and the second stage (2) manages the flow of working fluid to the backup hydrau-
lic motor and activates the backup hydraulic pump. By using the backup hydraulic motor and pump,
power shortages during overload conditions are overcome, and constant movement speed of the work-
ing strand is ensured.

A

Fig. 3. Control device of the embedded hydraulic drive for the belt conveyor

A comprehensive study was conducted to determine the optimal parameter ratios for the control
system of the embedded hydraulic drive of the belt conveyor [13, 14], which ensure efficient operation
under uneven load distribution. The response of the control system of the embedded hydraulic drive
was examined under two types of loads: step and trapezoidal (see Fig. 4, a and b).



Fig. 4. Pressure response pn(t) in the pressure line of the control system due to the control de-
vice under the influence of load Mo(t):
a — step change in load on the working strand,;
b — trapezoidal change in load on the working strand

An important aspect of modern control systems is their level of automation. Thus, a belt conveyor
equipped with a hydraulic drive control system including a control device and monitoring elements
can ensure equipment condition monitoring, automatic speed regulation, predictive maintenance, and
integration with other systems to optimize equipment operation processes.
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Ocobaueocmi nepedizcy OuHAMIYHUX NPOUECI6 6 CUCMEMAX KePYGAHHA GMOHMOBAHUX HPUBOOIE
CMPIYKOBUX KOHBEEPIB i3 IMIHHUM HAGAHMANCEHHAM HA POOOUIll Nanyi

Anomauin

Poszenanymo  cyuacni  koHcmpyxkyii  cmpiukosux koweeepis. Ilpoananizoeano munu  HepiGHOMIPHO20O
PO3NOOINEHHSL GAHMAJICY MA BNIAUB 1020 HA CUCMEMY KEPYBAHHSI MOHIMOBAH020 NPUBOJY CIPIYK0BO20 KOHBEEDA.
3anpononosano uUKOpUCMOBY8AMU CUCHEM) KePYBAHHS BMOHMOBAHO20 NPUBODY CHIPIUKOB020 KOHBEEPA i3
NPUCMPOEM KepYSaHHsi, AKUll 3abesneyye 1o2o besnepepsHy pobomy nio 4ac pedlcumy nepeeanmadiCeHusi.
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