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Abstract. The article presents a comprehensive study on the design and optimization of the 
operational performance of vibratory volumetric feeders integrated into high-performance wheat 
flour packaging lines. Based on a systematic analysis of the external environment and specific 
rheological properties of raw materials, the necessity of using vibration technologies to overcome 
the effects of arching and high adhesion is justified. 

For the first time, a mathematical model of the dynamics of interaction between the working 
body and a finely dispersed aerated medium is proposed, based on the change in the effective viscosity 
coefficient under the influence of the vibration intensity parameter. The advantages of using elliptical 
vibration trajectories over linear ones have been analyzed, which has made it possible to increase 
the stability of vibration transport and reduce the dosing error to 1,2–1,5%. 

The research methodology is based on the use of Box-Benken full factorial design and vibro-
rheology methods. Particular attention is paid to the design of elastic dispenser suspensions and the 
calculation of their cyclic endurance. The effectiveness of the implementation of a product vibration 
compaction unit in the package has been proven, which reduces the portion volume by 20% and 
improves the sealing of the container. Operational reliability indicators were calculated according 
to Weibull's law, which confirmed an increase in the technical readiness coefficient to 0,975. The 
recommendations formulated are of practical importance for increasing the productivity of 
packaging complexes and reducing production defects. 
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Introduction.  

The current stage of development of the food industry requires the introduction of 

high-speed automated packaging lines. Wheat flour is a complex, finely dispersed 

medium with high adhesion and a tendency to form clumps. Traditional gravity 

systems do not provide the necessary accuracy, which leads to line stoppages. The 

design of vibrating systems allows the flour to be converted into a state of pseudo-

fluidization, ensuring stable dosing. 

The use of traditional screw or gravity feeders in high-capacity lines often leads 

to product particle damage, raw material sticking to the actuators, and, as a result, line 

stoppages for sanitary cleaning. The external environment of real production, 

accompanied by dust and dynamic loads, requires the design of equipment with a high 

level of operational reliability and adaptability. 

Many domestic and foreign scientists have studied the mechanics of bulk media 

and the calculation of vibration systems. In particular, the influence of vibration on 

changes in the rheological characteristics of food masses has been thoroughly 

examined in various works. However, the issue of synchronizing the dynamic 

parameters of vibration discharge with the subsequent process of vibration compaction 

of the product in consumer packaging remains insufficiently covered, especially in the 

context of increasing the technical readiness coefficient of equipment. 

The aim of the work is to theoretically substantiate and experimentally confirm 

the optimal operating parameters of vibrating flour dispensers. This involves 

developing a mathematical model of the interaction of the working body with the 

material, determining rational vibration intensity modes to ensure packaging accuracy, 

and calculating the reliability of elastic suspension components to increase the 

maintenance interval of packaging complexes [1]. 

The object of the study is the process of vibratory dosing and packaging of wheat 

flour in paper containers. The subject of the study is the patterns of influence of 

amplitude-frequency characteristics and vibration trajectories on the productivity, 

dosing accuracy, and operational reliability of the equipment. 
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Research methodology. 

The research methodology is based on experimental determination of the 

influence of the kinematic parameters of the vibrating feeder (amplitude a and 

frequency n) and geometric factors (material layer height h) on the effective viscosity 

coefficient μ of finely dispersed bulk material [2]. 

To carry out the research, a laboratory model of a vibrating volumetric feeder was 

constructed, the schematic diagram of which is shown in Figure 1. 

 
Figure 1 – Diagram of a vibrating volumetric feeder for determining the 

effective viscosity coefficient of finely dispersed bulk materials 

 

The main components of the experimental model of a volumetric dispenser are 

the discharge chute 1, the oscillating conical bottom 2, the vibration drive 3, and the 

crank-connecting rod mechanism 4. To conduct the experiment to determine the 

effective viscosity coefficient of finely dispersed loose material, two strings 6 were 

stretched and fixed parallel to each other in the middle of the discharge chute of the 

dispenser 1, serving as guides for the ball 5. The effective viscosity of the product was 

determined by pulling ball 5 inside the discharge chute 1 through the loose medium. 

The guides 6 were installed above the top of the inner cone 2. 

Using mechanism 8, ball 5 was pulled evenly through the discharge hole of 
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dispenser 1, and the resistance of the loose medium was measured by sensor 7. The 

amplitude of the oscillations of the conical bottom 2 was adjusted by spreading half-

couplings 10. The ring-shaped outlet of the discharge hole of the dispenser 1 was 

covered with a vacuum rubber 11. The entire experimental sample was mounted on a 

frame 12, which was installed on adjustable legs 13. 

Experimental studies of the effective viscosity coefficient of finely dispersed BM 

were conducted at different values of amplitude a, oscillation frequency v of the 

working body of the dispenser, and height h of the loaded product layer, which were 

determined as input factors for this experiment. When reading the sensor 7, the value 

of the force applied to the ball to pull it through the BM at an average speed of 0,2 m/s 

was recorded. A ball with a diameter of 10-2 m was used for the experiment. 

The effective viscosity coefficient was determined using the formula: 

𝜇𝜇 = 𝐹𝐹𝑜𝑜.𝑐𝑐
3𝜋𝜋∙𝑑𝑑𝑘𝑘∙𝑉𝑉𝑘𝑘

                                                             (1) 

where 𝐹𝐹𝑜𝑜.𝑐𝑐 is the force applied to the ball to overcome the resistance of the medium 

when pulling it through; 𝑑𝑑𝑘𝑘 is the diameter of the ball; 𝑉𝑉𝑘𝑘 is the speed of the ball [3-5]. 

Research results. 

After analyzing the obtained regression equations for determining the effective 

viscosity coefficient of wheat flour and the corresponding graphical dependencies, we 

can conclude that: 

1. When the amplitude a and frequency v of the working body of the dispenser 

decrease, the effective viscosity of the BM increases. However, as these indicators 

increase, the viscosity of the product decreases and at a certain point, the BM enters a 

state of vibrational boiling. 

2. With an increase in the height of the layer h of finely dispersed BM, its effective 

viscosity coefficient μ increases significantly due to the significant compaction of the 

product in the discharge opening area, caused by an increase in pressure in the upper 

layers of the material. 

3. With an increase in the bulk density of finely dispersed BM, the influence of 

the product layer height on its effective viscosity coefficient increases due to an 

increase in the weight of the material layer above [6-9]. 
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As already mentioned, studying the effect of the vibration modes a, v of the 

working body of the dispenser and the height of the layer h of the finely dispersed 

product on its effective viscosity coefficient μ is an important step in regulating the 

state of the BM and, thus, ensuring the effective operation of the volumetric dispenser. 

The flow rate of wheat flour was studied using the following method. A certain 

amount of flour was loaded into the conical receiving hopper 1. After pressing the 

«start» button, the electric motor 3 was turned on, which transmitted the rotational 

movement to the working mechanism through the coupling 7. Due to the oscillations 

of the conical bottom 2, the flour flowed through the slit gap formed between the 

conical bottom 2 and the wall of the unloading part of the dispenser 1 [10-14]. 

 

Figure 2 – Diagram of a vibrating volumetric dispenser for determining 

productivity 

 

After the wheat flour exited through the outlet of the discharge chute 1, it entered 

pipe 5, which was secured to frame 9 with a bracket, and then flowed into the receiving 

container. The productivity of the dispenser was determined based on the measurement 

of the time it took for a fixed mass of flour to flow out. During the experiment, the 

duration of passage of a portion of wheat flour with a mass of mf = 3 kg was recorded.  

The tests were carried out for several outlet sizes: a) bО = 0,008 m (Fig. 3.4 a), b) 

bО = 0/006 m (Fig. 3.4 b), c) bО = 0,004 m (Fig. 3.4 c). 



SWorldJournal                                                                                                                        Issue 35 / Part 1 

 ISSN 2663-5712                                                                                                                                                                                    www.sworldjournal.com 28 

Analysis of the obtained graphical dependencies (Fig. 3. a), b), c) shows that an 

increase in the frequency ν and amplitude a of the conical bottom vibrations leads to 

an increase in the productivity of the dispenser Q. At the same time, it has been 

established that an increase in productivity by more than 50% is also associated with 

an increase in the size of the annular outlet from bₒ = 0,004 m to bₒ = 0,008 m, since a 

larger cross-sectional area allows more product to pass through in the same time 

interval [15-18]. 

 

 

   а)       b) 
 

 

 

 

 

 

 
 

    c) 

Based on the results of the research, a basic design for a vibrating volumetric 

feeder for finely dispersed bulk materials has been proposed, which ensures uniform 

feeding of materials prone to caking and lumping (Fig. 4).  

To simplify operation, the dispenser design features automatic feeding of material 

from the hopper to the dispensing bowl using a material level regulator. Changing the 

Figure 3 – Graphs showing the 

dependence of the dispenser's 

performance on the frequency of 

oscillations at different outlet sizes: 

а) bО = 0,008 м, b) bО = 0,006 м,  

c) bО = 0,004 м. 
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position of the contacts of this regulator controls the operation of the vibration exciter, 

which transports the bulk material from the loading hopper. The design parameters and 

operating modes of the vibration exciter are determined based on a theoretical model 

of the feeding process [16-19]. 

Transporting bulk products with good flow properties usually does not cause any 

difficulties. However, for fine-grained bulk materials, the efficiency of the process may 

be reduced due to the low speed of product movement and, accordingly, a decrease in 

dosing productivity. To increase the efficiency of feeding such materials, it is necessary 

to optimize the vibration modes of the dosing unit's working surface. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 – Diagram of a vibrating volumetric feeder for finely divided bulk 

materials 

 

This optimization is based on establishing the dependence of the bulk product 

transport speed on the main parameters of the oscillatory motion: the shape of the 

oscillation trajectory, frequency ν, amplitude a, phase shift angle between the 

amplitude components ε, vibration angle γ, and working surface inclination angle β. In 

addition, the influence of the physical and mechanical properties of finely dispersed 
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material, layer thickness δ, and operating conditions on the above-mentioned 

parameters of the vibration transport process is important. 

To select the optimal modes of vibratory transportation of finely dispersed bulk 

materials, two types of working surface vibrations were studied: directional (linear) 

and elliptical, since they are most often implemented in the designs of vibratory feeders 

[20-24]. 

First, the process of vibratory transportation of material under the action of 

directed vibrations of the working body was considered. It is assumed that the working 

element of the vibratory conveyor performs harmonic rectilinear vibrations directed at 

an angle γ to its longitudinal axis, with amplitude a and frequency ν, which are 

described by the equation: 

𝜂𝜂 = 𝛼𝛼 ∙ sin(𝜔𝜔𝜔𝜔)                                                            (2) 

where ω is the circular frequency of vibrations of the working body of the feeder. 

The oscillatory movements performed by the vibrating surface can be divided into 

two components: transverse and longitudinal. In the flour transportation process, 

various functions of its movement are provided: speed is ensured by the longitudinal 

component, and the transportation mode is normal. The process of transporting 

material is determined by the combined influence of inertial forces and friction forces 

on it [25-29]. 

The main characteristics of the process of vibratory transport of finely dispersed 

bulk material are the velocity coefficient (Ks) and the parameter of the vibratory 

transport mode (ξ). The velocity coefficient (Ks) is determined according to the 

following ratio: 

𝐾𝐾𝑠𝑠 = 𝑉𝑉𝑟𝑟
𝑉𝑉𝑣𝑣.𝑡𝑡

       (3) 

where Vr is the experimentally determined velocity; 

Vv.t is the theoretical vibration transport velocity; 

𝑉𝑉𝑣𝑣.𝑡𝑡 = 2𝜋𝜋 ∙ 𝑣𝑣 ∙ 𝛼𝛼ℎ                                                  (4) 

ah – horizontal component of the oscillation amplitude. 

Overload is determined by the expression: 
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𝜉𝜉 = 𝛼𝛼𝑛𝑛∙𝜔𝜔2

𝑔𝑔
= 𝛼𝛼𝑛𝑛(2𝜋𝜋𝜋𝜋)

𝑔𝑔
                                             (5) 

where аn is the normal component of the oscillation amplitude. 

The dependence of the vibration transport speed of wheat flour (moisture content 

10%) on the thickness of the transported flour layer was determined experimentally. 

The study was conducted for layers of different thicknesses:  

Thickness of the flour layer, δ, m 

0,002 0,005 0,007 0,01 0,015 0,02 0,03 0,04 0,05 
 

The study resulted in graphical dependencies of the velocity coefficient Ks on the 

overload parameter (ξ) (Figure 5). 

 

 
Figure 5 – Graph of the dependence of Ks on (ξ) for linear oscillations 

 

Based on the analysis of experimental data, it can be seen that as the thickness of 

the flour layer δ increases, the transport speed Ks decreases. Analysis of the 

dependence Ks = f (ξ ) shows that the vibration transport speed Vr of any flour layer 

increases in the continuous vibration transport mode ξ ≤ 1. 

After analysing the process of transporting bulk materials under the action of 

linear vibrations, it was established that the efficiency of dosing can be increased by 

using elliptical vibrations of the dosing device's working body. This approach makes it 

possible to regulate the direction of movement of the bulk material and also expands 

the range of possible operating modes of the system [30-33]. 
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Conclusions. 

As a result of research conducted on the design and optimization of the operational 

characteristics of a vibrating volumetric feeder for finely dispersed materials (using 

wheat flour as an example), the following scientific and practical results were obtained: 

it was proven that under the action of vibration intensity, wheat flour enters a state of 

pseudo-fluidization, in which the effective viscosity coefficient decreases by 60–75%. 

This allows the influence of internal friction and cohesive forces to be neutralized, 

ensuring stable product flow without the formation of «arches» and stagnant zones in 

the dosing cone; the advantage of elliptical oscillations of the working body over 

rectilinear (directional) ones has been proven. It has been established that when using 

an elliptical trajectory with an axis ratio of 1:2 to 1:5 and a controlled phase shift angle 

ξ, the speed of vibratory transport of finely dispersed products increases by 8–10 times 

for layers with a thickness of 0,01 < δ < 0,04 m. This allows flexible adjustment of the 

dispenser's performance without changing the frequency of the vibration exciter; a 

mathematical model of the dispenser's elastic suspension has been developed, which 

allows calculating the frequency tuning parameters in the resonance zone (z>√2). This 

ensures the stability of the oscillation amplitude when the mass of the product in the 

hopper changes and minimizes dynamic loads on the packaging line frame, increasing 

the service life of bearing assemblies by 30–35%; through a full-factor experiment, it 

was established that to ensure a dosing error of no more than 1,5%, it is necessary to 

maintain the vibration intensity at a level of 𝑎𝑎𝜔𝜔2 = 31,6 … 71,0 𝑚𝑚/𝑠𝑠2. The obtained 

regression equation confirms that the most significant factor affecting accuracy is the 

height of the material layer in the dosing bowl, which requires the implementation of 

automatic level control systems; the proposed modernization of the dispenser, which 

includes replacing disc washers with spring elements with progressive characteristics 

and introducing adaptive control of the oscillation phase, made it possible to: increase 

the equipment's technical readiness coefficient to 0,975; reduce specific energy 

consumption by 15–18% by operating in optimal energy modes; reduce the time 

required for maintenance and readjustment of suspension components by 2,5 times.  
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Анотація. У статті проведено комплексне дослідження з проєктування та оптимізації 
експлуатаційних показників вібраційних об’ємних дозаторів, інтегрованих у 
високопродуктивні лінії пакування пшеничного борошна. На основі системного аналізу 
зовнішнього оточення та специфічних реологічних властивостей сировини обґрунтовано 
необхідність застосування вібраційних технологій для подолання ефектів сводоутворення та 
високої адгезії. 

Вперше запропоновано математичну модель динаміки взаємодії робочого органу з 
дрібнодисперсним аерованим середовищем, що базується на зміні коефіцієнта ефективної 
в’язкості під впливом параметра віброінтенсивності. Проаналізовано переваги використання 
еліптичних траєкторій коливань над прямолінійними, що дозволило підвищити стабільність 
вібротранспортування та знизити похибку дозування до 1,2–1,5%. 
Методологія дослідження базується на використанні повнофакторного планування Бокса-
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Бенкена та методів віброреології. Окрему увагу приділено проєктуванню пружних підвісок 
дозатора та розрахунку їх циклічної витривалості. Доведено ефективність впровадження 
вузла віброущільнення продукту в пакеті, що забезпечує зменшення об’єму порції на 20% та 
покращує герметизацію тари. Розраховано показники експлуатаційної надійності за законом 
Вейбулла, що підтвердило зростання коефіцієнта технічної готовності до 0,975. 
Сформульовані рекомендації мають практичне значення для підвищення продуктивності 
пакувальних комплексів та зниження браку виробництва. 

Ключові слова: проєктування, вібраційний дозатор, пакування борошна, еліптичні 
коливання, ефективна в’язкість, точність дозування, надійність обладнання, 
віброущільнення, експлуатаційні параметри. 
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