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The development of any manufacturing industry is not possible without the rational use of resources,
so it is difficult to imagine modern production in which dosing is not used. The accuracy and productivity of
dosing equipment is the basis of all known technological processes, since the quality of the final product
depends on it. Belt feeders are small-sized and highly productive equipment, which is a vital necessity of
continuous technological processes.

The main requirement for a belt feeder is the maximum possible accuracy at an already set speed of
movement of the load (line productivity). However, one should not forget about the peculiarities of the behavior
of different types of products that can be weighed.

The weighing accuracy of a belt feeder also depends on its design features, namely on the accuracy of
the drive, tension or support rollers, the quality of the belt, and the design of the strain gauge assembly.

Experiments on calibration in statics and the behavior of the feeder in dynamics will allow us to
evaluate possible behavior options during operation in real conditions.

The purpose of the experiments is the initial setup of the experimental setup for further research into
the relationship of belt speed / product type / dosing accuracy.

The article describes the structure of the experimental setup, the composition of the measuring part of
the laboratory setup, as well as the methodology for collecting and processing experimental data.

The main attention of the experimental part is paid to the dynamic mode of operation and its impact
on the strain gauge assembly. The main issues that arise in the dynamic mode are outlined, namely

Special attention is paid to the dynamic feed mode, in which the loads on the measuring element — the
strain gauge sensor — change. The key problems that arise in this mode are indicated: fluctuations in the output
signal (change in mass values), the influence of the product movement speed, the physical and mechanical
characteristics of the product. The results of the experiments are the voltage/mass curves in the static mode
and voltage/mass/speed in the dynamic mode, a comparative analysis of the measurement results.

According to the research results, an adaptive control system for a belt feeder will be developed, which
can be implemented in all industries where belt feeders are used.

Keywords: belt feeder, strain gauge unit, transportation speed, dynamic weighing, belt speed, adaptive
control system, weighing.

Eq. 2. Fig. 5. Table.4. Ref. 12.

1. Problem formulation

The development of any manufacturing industry is impossible without rational use of resources, so it is
difficult to imagine modern production in which dosing is not used. The accuracy and productivity of dosing
equipment are the basis of all known technological processes, since the quality of the final product depends on it.

Belt feeders are small-sized and highly productive equipment, which is a vital necessity of continuous
technological processes. Achieving the maximum possible dosing accuracy is complicated by the dynamics of
the product's behavior during transportation and the requirements for the accuracy of the weighing unit.
Solving the problem of dosing bulk products in a continuous flow is based on determining the optimal
kinematic-dynamic parameters of the belt feeder.

A feature of the operation of the belt feeder is that the establishment of a connection between the mass
of the product and the output signal of the strain gauge unit - calibration, occurs in static mode, and weighing
(dosing) of the target product - in dynamics. Dynamic mode of transportation is a multifactorial complex
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system in which the readings of the strain gauge unit are influenced by the size of particles, inertia, angle of
natural slope, surface tension of the material, and design features of the belt feeder elements.

The effectiveness of a modern belt feeder will be determined by the quality of the control system,
which will be based on the optimal ratio of the speed of movement to the physical properties of the product.
The construction of this system is based on the collection and analysis of statistical data from planned
multifactorial experiments, since such an experiment allows you to visually assess the behavior of the material
and scale it to real production.

Therefore, the study of dynamic dosing with a belt feeder aims to optimize dosing accuracy, ensure
reproducibility of results in different operating modes, and create prerequisites for the creation and
implementation of adaptive control systems for the operation of belt feeders.

2. Analysis of recent research and publications

Analyzing the research, several main research directions can be distinguished: the influence of material
behavior, the influence of the design parameters of the batcher and the control system of the batching process.

The work [1] Zivani¢ D, Ilankovié N is devoted to the study of the influence of belt speed, tension and
position of the measuring roller on the accuracy of batching. The article [2] describes a high-precision dynamic
model that takes into account the uneven distribution of bulk material on the belt. The model is based on laser
scanning and allows optimizing the belt speed to increase energy efficiency and operational safety.

The work of Peleg M. [3] describes methods for assessing the fluidity of powdery materials from the
point of view of the influence on the accuracy of their batching. The study [4] compares different designs of
belt conveyors for transporting bulk materials in order to determine the most cost-effective option.

The article [5] presents a method for optimizing the conveyor belt speed to reduce energy consumption
and improve the dynamic behavior of the system when transporting bulk materials. There are also works [6]
on the influence of the shape of the hopper on the flow of bulk material and the distribution of stresses at the
interface of the hopper and the belt feeder. The results help to optimize the design to ensure a stable flow of
material.

It is worth noting the works related to adaptive control systems [7, 8] that take into account the complex
dynamics of the product flow.

The physical properties of the product should also be taken into account when formulating the
requirements for dosing accuracy. Depending on the operating conditions and accuracy requirements, an
appropriate calibration method should be chosen (for example, electronic calibration or the use of calibration
chains). It is worth paying attention to the work that describes recommendations for calibration accuracy [9].

In work [10], a methodology for modeling and simulating the dynamic interaction of belt systems
using the discrete element method (DEM) is presented.

The thesis [11] investigates the interaction of bulk materials with belt conveyor systems, including
transportation, unloading and redirection. The author uses the discrete element method (DEM) and continuum
mechanics to model and validate the results using laboratory experiments.

In [12], the development of an improved controller for a belt feeder is presented, which ensures
accurate dosing of material in a chemical process. The system uses feedback to regulate the belt speed,
compensating for changes in the density of the material.

The works listed above make it possible to outline the direction of research on belt feeders, taking into
account both the properties of materials and design features. However, the goal of the study is to build an
adaptive control system that would be suitable for most belt feeders by conducting in-depth experimental
studies and building methodologies for these studies.

3. The purpose of the article

The purpose of the study is to substantiate and implement an experimental method for constructing
static and dynamic calibration characteristics of a gravity feeder for bulk materials in a flow.

The objectives of the research are to analyze the influence of the mass and speed of product movement
on the output voltage of the strain gauge; to construct the "mass - voltage" relationships in static and dynamic
operating modes; to assess the influence of feed modes on the value of the output signal; to formulate
recommendations for implementing the research results in production.

4, Results and discussion

129



0 TexHika, eHepreTHuka,
'%_‘—;E\g % Ne2 (129) /2025 rpanenopt ANIK
Vol. 129, Ne 2 /2025

The main purpose of the study is to set up a laboratory setup to determine the parameters in static mode
and compare these parameters with the dynamic mode.

The comparative characteristic will be the basis for the initial optimization of the ratio of movement
speed/type of cargo.

The general structural diagram of the belt feeder is shown in Fig. 1.a. The basis of the design of the belt
feeder is a belt conveyor.

The product to be studied is loaded into the hopper (6). The hopper (6) is equipped with a slide valve
with a scale. The product unloading zone from the hopper (6) to the belt (9) is equipped with support rollers
(3). The belt (9) is driven by a stepper motor (1) through a drive roller (2) and a tension roller (4). The stepper
motor has the ability to change the shaft rotation frequency.

The mass parameters are measured using a strain gauge assembly (5). The assembly (5) consists of a

bracket, a strain gauge and a dynamically balanced roller. The transport speed is measured using a pulse sensor
(8). All components are mounted on a common frame (10).
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Fig. 1. Belt dispenser

To calibrate the belt feeder, a laboratory setup was assembled, which included a power supply, a strain
gauge amplifier, and an oscilloscope for analog signal processing (Fig. 2).

Fig. 2. General view of the laboratory setup:
1 — power supply; 2 — strain gauge; 3 — belt dispenser; 4 — oscilloscope
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The sequence of research was as follows:
- Connecting and configuring the strain gauge amplifier to output an analog signal (0...5 V);
- Calibration of the strain gauge assembly with a reference load with a nominal value of 1 kg (Fig. 3.b.);
- Obtaining voltage values from the mass of the reference load in static mode;
- Obtaining voltage values from the mass of the reference load in dynamic mode at different drive

shaft rotation frequencies;
- Recording of research results (Tables 1).

According to the formula v = eDen , m/s we determine the linear speed of movement of the cargo in
dynamic mode.

60%10000

a — strain guge assembly ‘
Fig. 3 Static calibration of the belt feeder

Table 1
Recording of research results
D =62, mm n =60 rpm n =40 rpm n=20rpm
v, m/s 0,195 0,13 0,065
The results of laboratory tests are given in Tables 2 and 3.
Table 2 Table 3
Static calibration Dynamic operating mode
Mass Belt speed m/s
Mass value, g Voltage, V value, g 0.195 & 0.13 0,065
50 0,23 50 0,2 0,21 0,21
100 0,51 100 0,45 0,48 0,48
150 0,73 150 0,62 0,65 0,7
200 1,01 200 0,9 1,1 11
250 1,23 250 1,15 1,17 1,21
300 1,51 300 1,45 1,47 1,51
350 1,73 350 1,65 1,68 1,69
400 2,01 400 1,97 1,99 2,01
450 2,24 > 450 2,15 2,18 2,2
500 2,51 <} 500 2,35 2,3 2,5
550 2,76 £ 550 2,68 2,72 274
600 3,02 > 600 2,95 2,98 3
650 3,23 650 3,15 3,18 3,21
700 3,49 700 3,37 3,3 3,3
750 3,74 750 3,68 3,71 3,72
800 3,99 800 39 3,95 3,96
850 4,23 850 4,19 4,2 4,2
900 4,49 900 4,35 4.4 4,44
950 4,74 950 4,68 4,7 4,71
1000 5,01 1000 4,89 4,8 4,92
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Based on the obtained data, we construct graphs of the dependence of voltage on mass in static and
dynamic modes.

Voltage, V

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 S00 550 1000

m, g

Fig. 4. Graph of voltage dependence on reference mass in statics

Calibration in static mode shows an almost linear dependence of voltage on mass. With an increase in
mass by every 50 g, the voltage increases by an average of ~ 0.25 V
The resulting curve is described by the least squares method, following the equation:
U=k -m+Uo, 1)
where slope coefficient k = 0.00496 V/g; offset (U,) = -0.017 V
Equation (1) will take the form:
U =0,00496-m — 0,017
where U — value of the reference mass voltage; m — value of the reference mass.

.
\

Voltage, V

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 500 550 1000

m, g
Belt speed 0.195 m/s Belt speed 0.13 m/s Belt speed 0.065 m/s

Fig. 5. Graph of voltage dependence on reference mass in dynamics

All three graphs in dynamics demonstrate linearity. This means that the strain gauge and the measuring
stand work stably, and the mass of the load on the belt is proportional to the voltage value. At the lowest speed
(0.065 m/s), the voltage indicators are slightly higher than at higher speeds for the same mass. This can be
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explained by the fact that at higher speeds the material may not have time to fully compress due to the effect
of inertial unloading, which reduces the pressure.
The optimal transportation speed can be considered the speed at which there is the smallest error
relative to the static mode.
AW) =13, (UG —UL)?, 2)
where U4, —OUtpUt voltage in static, V; Uy, —OUtput voltage in the speaker, V; v — tape speed
The values of the calculated standard errors are given in Table 4.

Table 4
Standard error values
v, M/C 0,195 0,13 0,065
A(v) 0,0144 0,0136 0,0125

The results show that when the speed is reduced, the dynamic measurements approach the static
values, which is the expected result. However, for each type of product, the transport speed will be selected
individually. This will allow us to recognize the optimal ratio of dosing accuracy to productivity.

5. Conclusion

The result of the research is the development and experimental justification of the method for calibrating
a belt feeder in static mode, and checking the convergence of readings in static and dynamic. A belt feeder is a
rather complex mechanical system, where the output voltage of the strain gauge is influenced by both the design
features of the feeder itself and the properties and behavior of the product at different transport speeds. Therefore,
it is important to achieve maximum accuracy in setting operating parameters and correctly take into account the
influence of external factors such as transport speed and physical properties of the material.

Analysis of the research results made it possible to obtain the law of change of the voltage/mass
dependence, and to predict the strain gauge readings with respect to this law when the mass of the material changes,
which provides the possibility of integrating the system into modern automated lines with real-time control.

Dynamic experiments have shown that for each specific type of product it is possible to select the optimal
transportation speed to achieve maximum weighing accuracy, which is the basis of the adaptive control system.

In order to optimize the operation of the batcher, the optimal speed for a specific type of product was
determined for which the root mean square error between dynamic and static data is minimal, which is
confirmed by calculations according to formula 2.

The developed adaptive control system based on experimental data can be adapted to all industries
where belt batchers are used.
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METOAOJIOITA JOCJIJXKEHHS ITPOLIECY KAJIIBPYBAHHS I'PABITAIIIMHOI O
JO3ATOPA UIS1 CUIIKUX MATEPIAJIIB Y IOTOLI

Poszeumok 6y0b axoi eupobHuuOI eany3i He MOdCAIUBUL Oe3 PayioOHANTbHO20 GUKOPUCIAHHS PeCypCia,
MOMY Y8a2y 8adiCKO YAGUMU CYYACHE BUPOOHUYMEBO, 8 AKOMY He BUKOPUCOBYEMbCs 003y6anHA. Tounicms ma
NPOOYKMUBHICMb 003)104020 0ONAOHAHHS € OCHOBOK BCIX GI0OMUX MEXHOLOSTUHUX NPOYECI8, OCKIIbKU IO
Yb020 3anedCUms AKICMy Kinyeso2o npodykmy. Cmpiukoei 003amopu sA61a10my cobol manoeabapumne ma
BUCOKONPOOYKMUBHE 00IA0HANHS, Ke € HCUMMEBOIO HeOOXIOHICMIO De3nepepsHuUX MeXHON0TUHUX NPOYecis.

OcHo6HOW0 6UMO2010 00 CMPIUKOB020 003aMOpPA € MAKCUMANLHO MOMCIUBA MOYHICIb NPU 8Jice
B8CMAHOBAEHIN WBUOKOCMI NepeMilyeHHs 8aHmasxicy (npodykmusrnocmi ninii). [Ipome ne sapmo 3a0ysamu npo
0Cc00IUB0CMI NOGEOTHKU PIZHUX MUNIE NPOOVKINY, WO MOACE NIONALATHU 36AHCYBANHIO.

Tounicmo 36adicy8anHs CMPIUKOB020 003AMOPA 3ANEHCUMb MAKONHC 6i0 1020 KOHCMPYKMUBHUX
ocobnusocmetl, a came 8i0 MOYHOCMI NPUBIOHUX, HAMANCHUX YU NIOMPUMYIOUUX DONUKIB, AKOCMI CMPIUKU,
KOHCMPYKYII MeH308UMIPIOBATIbHO20 8Y3/1d.

Excnepumenmu wooo kaniopysanus 6 cmamuyi ma nogediHka 003amopa 6 OUHaAMiyi 0adyms 3M02y
OYTHUMU MONCTUBT 8APIAHMU NOBEOTHKU N0 YAC eKCNyamayii 8 peaibHUx YMOG8ax.

Memoro nposedenns ekcnepumenmie € noYamKo8e HAIAWMYEaH sl eKCHEPUMEHMALbHOT YCMAHOBKU
07151 POBEOEHHSL NOOANLIUUX OOCAIONCEHD CNIGEIOHOUICHHS WEUOKICIb CIMPIuKY / mun npooyKkmy / mOYHicmb
003Y8aHHSL.

B cmammi onucano 6yoosy excnepumeHmanbHOi YCMAHOBKU, CKAAO BUMIDHOGANLHOI UYACTMUHU
1abOpamopHoOi YCMAHOBKU, 4 MAKONC Memo0 Memo00a02i0 300py ma 00poOKU eKCHePpUMEHMANbHUX OAHUX.

Ocnoéna ysaza excnepumeHmanbHoi 4Yacmuny npuodiiena OUHAMIYHOMY pexcumy pobomu ma 1uo2o
BNAUBY HA MEH308UMIpIosanvHuli 8y30.1. OKpecieHo OCHOGHI NUMAHMSA, WO BUHUKAIOMb HPU OUHAMIYHOMY
pedxcumi, a came

Ocobnusa ysaza npudinena OUHAMIYHOMY pexcumy nooadi, npu KoMy 3MIHIOIOMbCS HABAHMANCEHHS
HA BUMIPIOBATIbHULL eleMeHm — MeH30MemPUUHUL OamuuK. 3a3HaueHo K1o4o8i npooiemu, Wo UHUKAIOMb Y
maxKomy pescumi: Gaykmyayii 6UXiOH020 cucHany (3MiHA 3HAYEHb MACU), 8NIUE WEUOKOCHI NepeMiljeHHs
npooyKmy, @isuKo-mexaniumi xapakxmepucmuxu npooykmy. Pe3yiemamom nposedenusi excnepumenmis €
Kpugi Hanpyea/maca 6 CMAMUYHOMY pedcumi ma Hanpyea/Maca/WeudKicme 6 OUHAMIYHOMY pedCUMmi,
NOPIGHANLHUL AHANI3 Pe3ybInamis 8UMIPIOSAHb.

32iono 3 pesynvmamamu 00CrioHceHb 6yoe po3podaeHo adanmueHy cucmemy KepysanHs CmpiuKosum
003amopom, AKa Modce Oymu 6npo6aoddHcena 6 YCix 2any3ax NPOMUCIOB0CH, 0€ GUKOPUCHIOBYIOMbCSL
CcmpiuKo8i 003amopu.

Knwuogi cnosa: cmpiukoguil dHCUBUNbHUK, MEH30MEMPUdHUU OJ0K, WUEUOKICIb MPAHCNOPMYBAHHS,
OUHAaMIYHe 36ADICYBAHHS, WIBUOKICIb CMPIUKU, A0ANMUGHA CUCEMA KEPYSANHSL, 36AJICY 6AHHSL.
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