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In modern technological processes for processing bulk materials, multicomponent batchers and mixers
play a significant role, providing accurate dosing and uniform mixing of components in a continuous mode.
One of the most promising designs is centrifugal batchers, which are widely used in the food, chemical,
pharmaceutical, and construction industries due to their compactness, reliability, and high performance.
However, in order to ensure a stable and controlled supply of components, it is necessary to study in depth the
relationship between the design and technological parameters of the dispenser.

The study of the effect of the metering disk rotation speed, the angle of its conical surface and
overpressure allows us to establish the patterns of particle movement, optimize the metering mode and ensure
the stable quality of the finished mixture. The use of a three-factor experiment makes it possible to quantify the
influence of these factors and build an empirical model of the dosing process, which will be the basis for
further optimization of the design and operating modes

The aim of the study is to substantiate the influence of the main factors such as the rotational speed of
the dosing disk, the angle of the conical disk's generating surface and the overpressure in the dosing zone on
the uniformity of the mixture supply and the performance of a centrifugal dosing mixer.

Thus, the expediency of this study is due to the need to improve the efficiency of the dosing process in
centrifugal multicomponent mixers, where the uniformity of component feeding and process stability largely
depend on a rational combination of design and technological parameters. One of these little-studied but
promising control factors is the overpressure in the dosing zone, which can significantly affect the movement
of bulk particles, intensifying their movement along the disk.

In the context of this study, considering overpressure as the third factor in a three-factor experiment
(along with rotational speed and cone angle) allows us to obtain a more complete picture of the physical
processes occurring in the dosing zone. The analysis of the experimental results made it possible to establish
that an increase in pressure within the optimal range contributes to a more uniform distribution of the material
over the working surface of the disk, an increase in dosing accuracy, and an improvement in the overall
performance of the metering and mixing device.

Key words: metering mixer, parameters, overpressure, research, dosing, performance, dosing disk,
rotation frequency.

Eq. 3. Fig. 4. Table.2. Ref. 16.

1. Problem formulation

In modern mechanical engineering for the food, chemical, pharmaceutical and construction industries,
there is a growing demand for equipment capable of providing continuous, accurate and stable dosing of bulk
materials with different physical and mechanical properties. One of the most effective designs is centrifugal
feeders, which provide intensive transportation and pre-mixing of particles due to the rotation of a conical disk
[1]. Their use is especially relevant when processing light, dusty or hygroscopic components, for which classic
gravity or screw dosing systems are not effective enough [2].

Recent studies indicate the prospects of using excess pressure in the dosing zone, which allows
reducing dust formation, increasing dosing accuracy and improving the stability of material supply [3].
However, the issue of a comprehensive analysis of the influence of this factor together with the main geometric
and kinematic parameters of the design remains open. This especially concerns the interaction of the disk
rotation frequency, the angle of the generating conical surface and excess pressure, which together determine
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the nature of the movement of an elementary particle on the working surface of the device.

Studying these patterns is important from the point of view of optimizing the design of the dispenser,
ensuring uniform supply of components and increasing the overall efficiency of the process. Conducting a
three-factor experiment with a variation of the specified parameters allows not only to identify the dominant
factors, but also to build empirical mathematical models that accurately reflect the operation of the system in
real conditions.

The feasibility of this study is due to the need to increase the reliability and accuracy of dosing in
continuous systems, especially under conditions where stable mixture supply critically affects the quality of
the final product. The results of the study can be used to develop new generations of dosing devices, taking
into account adaptive control of technological parameters, including pressure in the dosing zone.

2. Analysis of recent research and publications

The problem of accurate and stable dosing of bulk materials remains relevant in the conditions of
modern development of technological processes. The literature is widely presented with works devoted to
optimization of the designs of dosing devices, in particular screw, vibration and centrifugal systems [4, 5].
Centrifugal dosing devices, due to their structural simplicity, reliability and ability to work with a wide range
of bulk substances, are increasingly used. The main attention of researchers is focused on studying the
influence of kinematic and geometric parameters - the frequency of rotation of the dosing device, the shape of
the working surface, the angle of inclination of the forming surface, etc. - on the uniformity and productivity
of dosing [6].

Some studies indicate the effectiveness of conical surfaces in organizing dosing in conditions of
limited space and high rotation speed [7, 8, 9, 10, 11]. However, even with perfect geometric solutions, many
researchers record instability of the feed when changing the properties of the material - humidity, flowability,
granulometric composition.

In the works [12, 13], a relationship between the characteristics of the movement of bulk materials
along conical surfaces was established, which confirms the importance of studying flow hydrodynamics for
optimizing the designs of batchers and mixers.

In the last decade, studies have begun to appear that analyze the possibility of using controlled excess
pressure in the dosing zone to compensate for fluctuations in the physical properties of the material. In the
works of L. Zhang [14] it was found that controlled pressure can positively affect the speed of particle
movement, reduce the tendency to form stagnant zones and improve flow uniformity. Similar conclusions were
also obtained in the studies of M. Gupta and V. Sharma, where it is emphasized that the introduction of
auxiliary pressure allows to increase the efficiency of feeding in continuous pharmaceutical mixers [15].

Despite this, a systematic analysis of the influence of excess pressure in combination with geometric
and kinematic parameters within the framework of a complex multifactorial experiment is practically absent.
There is still a lack of generalized models that would allow determining the optimal operating conditions of
the dispenser, taking into account not only the design parameters, but also the physical conditions in the dosing
zone. This creates a need for in-depth experimental studies aimed at developing empirical relationships
between the input and output parameters of the dosing process.

3. The purpose of the article

The purpose of the research is to substantiate the influence of the main factors such as the frequency
of rotation of the dosing disk, the angle of the generator of the conical disk, and the excess pressure in the
dosing zone on the uniformity of the mixture supply and the performance of the centrifugal dosing mixer.

4. Results and discussion

The study was conducted to establish the patterns of influence of the design and technological
parameters of the centrifugal batcher on the productivity and uniformity of dosing of loose components in the
presence of excess pressure in the feed zone.

Dosing is carried out due to the centrifugal force created by the rotation of the paired discs of the
dispenser and the excess pressure in the dosing zone. The main parameters that affect the dosing performance
are the frequency of rotation of the disc, the angle of the generator of the dosing disc and the pressure created
in the zone of exit of the bulk material from the surface of the disc.
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Fig. 1. General view of laboratory equipment:
1 — base; 2 — dispenser of the main component; 3, 4 — dispensers of the introduced components;
5 — control unit

The response criteria in our study were dispenser performance Q (kg/min), the following factors were
selected: the speed of rotation of the dosing disc n (rpm) — x1, angle of the generating cone a (degrees) — x» and
excess pressure in the dosing zone P (kPa) — x3. The rotation speed values were set at 400, 900, and 1400 rpm,
the generator angle was set at 5°, 10°, and 15°, and the excess pressure was adjusted at 0, 50, and 100 kPa.

Table 1
Intervals and levels of variation of factors
Factor levels o
. upper | null | lower | Variatio
Factor Mark | Dimen n
ing | sion Code values interval
+1 0 -1 &
Angular frequency of rotation of the disk, w. | x1 min?t 1400 900 400 500
The angle of the metering disc generator, a. X2 degree 15 10 5 5
Excessive pressure, P. X3 kPa 100 50 0 50

Taking into account the real operating modes of a multicomponent centrifugal dispenser, we used a
second-order polynomial, which allows us to effectively systematize experimental data and investigate the
response surface for extremum. To conduct a planned three-factor experiment that investigates the dependence
of the dispenser's productivity on the frequency of rotation of the dosing disk, the angle of the generating
surface, and the magnitude of the excess pressure in the dosing zone.

The columns of the planning matrix contain the coded values of the independent factors, and the
corresponding response column contains the results of the performance measurements obtained during the
experiment. The values of the factors in their natural form are given in Table 2. The excess pressure was
created by a controlled pneumatic system and monitored by a manometer. The experiments were carried out
in a stationary mode, with a constant supply of bulk material and recording the results in three repetitions to
ensure the reliability of the data.
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Table 2
Matrix of a planned three-factor experiment
Ne Factor levels Productivity of the batcher-mixer
experiment |y, X2 X3 Y1 Y2 Y3 y

1 1 1 0 2,698 2,818 2,684 2,639
2 -1 -1 0 1,155 1,145 1,099 1,127
3 1 -1 0 2,921 3,082 2,791 2,995
4 -1 1 0 2,471 2,769 2,785 2,639
5 0 1 1 3,396 3,321 3,125 3,297
6 0 -1 -1 2,201 2,047 2,158 2,107
7 0 1 -1 3,159 2,911 3,09 3,037
8 0 -1 1 2,543 2,297 2,562 2,472
9 1 0 1 3,712 3,359 3,203 3,465
10 -1 0 -1 1,868 1,864 2,091 1,951
11 1 0 -1 3,272 3,361 3,637 3,417
12 -1 0 1,893 1,914 1,809 1,851
13 0 0 0 2,936 2,794 2,814 2,902
14 1 4,407 4,493 4,675 4,368
15 -1 -1 -1 1,381 1,403 1,463 1,378
16 -1 1 1 2,524 2,864 2,821 2,743
17 -1 -1 1 1,73 1,826 1,966 1,875
18 -1 1 -1 2,181 2,07 2,098 2,244
19 1 -1 -1 2,705 3,086 3 2,901
20 1 -1 1 2,481 2,676 2,538 2,565
21 1 -1 4,425 4,086 4,515 4,290
22 0 -1 2,66 2,548 2,752 2,605
23 0 1 2,307 2,314 2,523 2,432
24 0 0 4,104 4,242 4,187 3,962
25 0 -1 0 2,461 2,6 2,455 2,570
26 1 0 3,63 3,509 3,5 3,732
27 -1 0 2,276 2,132 2,207 2,217

According to the data in Table 2, the results of calculations, using the generally accepted methodology
[16], formed a regression equation that models the productivity of the batcher-mixer in natural factors at an
excess pressure of P=0 kPa, which will take the form:

y =1,6412+0,001004- ®+0,1026 - o —0,000000528 - * 0

where y —productivity of the batcher-mixer, kg/min; o — angular speed of rotation of the dosing
disk, min~t; & — angle of the generator of the metering disk, degrees.
A graphical representation of the dependence is shown in Fig. 2.
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a, degree

J%B 5‘00
Fig. 2. Dependence of the productivity of the batcher-mixer at excess pressure P=0 kPa

The response surface demonstrates a clearly pronounced influence of both factors on the productivity.
With increasing the angle of the generating disk o and the angular frequency of rotation ®, a monotonic
increase in productivity is observed. The lowest values are observed at the minimum values of both factors,

while the highest values are at the maximum. The surface has a moderate curvature, which indicates a
nonlinear, but quite predictable nature of the change in productivity.

The regression equation that models the productivity of the batcher-mixer in natural factors at an
excess pressure of P = 50 kPa will take the form:

y =2,5877+0,001536- @ +0,1092 - o — 0,000000571- )
A graphical representation of the dependence is shown in Fig. 3.

y, kg/min

o, gegree
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Fig. 3. Dependence of the productivity of the batcher-mixer at an excess pressure of P = 50 kPa

The graph shows the influence of the angle of the generator of the dosing disk o and the angular
frequency of rotation ® on the productivity of the dosing mixer y under the condition of a constant excess
pressure of 50 kPa. It can be seen that with an increase in both the angle o and the frequency of rotation ®, the
productivity increases. Particularly intensive growth is observed in the initial areas, after which the surface
acquires a more gentle character. The maximum productivity approaches 3.5 kg/min, which indicates increased
mixing efficiency at moderate pressure. The general shape of the surface demonstrates the nonlinear nature of
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the influence of factors, with the predominant influence of the frequency of rotation on the final result.

The regression equation that models the performance of the batcher-mixer in natural factors at an
excess pressure of P = 100 kPa will take the form:

y =3,5341+0,002068- w+0,1158 - — 0,000000613 - »°
A graphical representation of the dependence is shown in Fig. 4.

®)

Yy, kg/min

Fig. 4. Dependence of the productivity of the batcher-mixer at excess pressure P = 0 kPa

The graph shows that the productivity of the batcher-mixer significantly depends on both the angular
frequency of rotation of the disk and the angle of the generator of the batching disk. With an increase in both
factors, a steady increase in productivity is observed. The lowest productivity values (1,8 kg/min) are observed
at the minimum values of the parameters (w = 400 rpm, a = 5°), while the maximum values (4,6 kg/min) are

achieved at @ = 1400 rpm and a = 15°. This indicates the influence of both factors on productivity, and also
confirms the feasibility of their optimization.

5. Conclusion

As a result of the three-factor experiment, in which the frequency of rotation of the dosing disk, the
angle of the generating conical surface and the excess pressure in the dosing zone were considered as factors,
a generalized idea of the influence of the studied parameters on the performance of the centrifugal dosing
mixer was obtained. The constructed mathematical model in the form of a second-order polynomial allowed
us to establish the optimal combinations of factors that ensure maximum equipment performance under given
technological conditions.

The results of the analysis of experimental data indicate that the dispersion of the reproducibility of
the experiments is within normal limits: the calculated value of the Cochrane criterion G < 0.3 is less than the
tabular value. Guanie= 0,334,which confirms the homogeneity of variances. According to the Student's t-test, it
was established that all coefficients of the regression equation are significant and do not exceed the tabulated
value of the Student's t-test. twne = 2,12 at a significance level of 0,05. Checking the model for adequacy using
the Fisher test showed that F = 3,14 is less than the threshold value Fupie = 4,10, which confirms the adequacy
of the regression model to the experimental data. Therefore, the conducted modeling is statistically justified,
and the constructed equations adequately describe the influence of the main factors on the performance of the
batcher-mixer.

The use of orthogonal central compositional planning ensured the reliability of the results, and the
analysis of variations allowed us to assess the significance of each of the factors. The formed dependencies
can be used for further improvement of the designs of such batchers and the development of automated control
systems for the batching process of bulk materials. The results obtained are of practical importance for
increasing the accuracy of dosing, reducing component losses and ensuring the stability of the composition of
mixtures in the food, chemical and pharmaceutical industries.
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EKCIIEPUMEHTAJIBHE JOCJIIKEHHS MPOAYKTUBHOCTI BIALUEHTPOBOI'O
JO3ATOPA-3MIIIIYBAYA I3 HA/IVIMIIKOBUM TUCKOM Y 30HI JIO3YBAHHA
Y cyuacnux mexwnonoziunux npoyecax o06pobKu cunkux mamepianié 3HAYHY POAb Bi0icpaAlOMb
0acamoxKoMnoHenmui  0o3amopu-3miulyeaui, wo 3abe3neuyroms mouHe OO03Y8AHHS MdA PIGHOMIpHe
3MIWLYBAHHS KOMNOHEnmMig y be3nepeperomy pesxcumi. OOHIEI 3 NEPCReKMUBHUX KOHCIPYKYIU € 8i0Yenmposi
dosamopu, AKi 3a805KU CEOIll KOMNAKMHOCMI, HAOIIHOCMI MA BUCOKIL NPOOYKMUBHOCMI 3HAX00Mb WUUPOKe
3ACMOCYBAHHA 8 XAPHO8ill, XiMiunil, hapmayesmuuniti ma O0yodigenvhii eanyssax. OOHax 011 3a0e3neyeHHs.
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cmabinbHOl ma KOHMpOAb0B8AHOI NOO0AYl KOMHOHEHMI8 HeoOXiOHe 2iuboKe GUBYEHHS 83AEMO38 3Ky MIdiC
KOHCIMPYKMUBHUMU | MEXHON02IYHUMU NApAMEMPAMU 003amopa..

Locniosicenns enaugy uacmomu 06epmanus 003104020 OUCKA, Kyma MEIPHOI 11020 KOHIUHOT No8epXHi
Ma HAOTUWKOBO20 TUCKY O0380JSE BCIMAHOBUMU 3AKOHOMIPHOCME PYXY YACMUHOK, ONMUMIZY8AMU PeHCUM
pobomu Odozamopa i 3abe3neuumu cmadilbHy AKICMb 20MOGOI cymiwi. 3acmocy8anus mpughakxmopHozo
excnepumenmy 04c 3MO2y OMPUMAmy KiIbKiCHY OYIHKY 6NIUBY 3A3HAYEHUX axmopie ma nobdyoyseamu
eMNIPUYHY MOOeib npoyecy 003Y6AHHS, WO CMAHE OCHO80I0 OJisi NOOAIbLWMOT onmumizayii KoHcmpyKyii ma
pedicumie pobomiu

Memoro docriddcenv € 00TPYHMY8AHHS BNAUBY OCHOBHUX (DAKMOPI6 MAKUX K YaAcCmomu 00epmants
003y104020 OucKka, Kyma meEipHOi KOHIUHO020 OUCKA Ma HAOMUUKOB020 TUCKY 6 30Hi 003Y8aHHAi — HA
PisHOMIpHICMb NOOAYL CyMiut ma NPoOYyKMUSHICIb 8IOUEHMPOBO20 003aMOpaA-3Miuly8ayd..

Taxum yunom, OOYinbHiCMb NPOBEOEHHS I OAHO20 OOCHIONCEHHS 3YMOBIeHAd NOmMpebOI0 ) NiOBULEHH]
eghexmuenocmi npoyecy 003y8aHHs Y GIOYESHMPOBUX OA2AMOKOMNOHEHMHUX 3MIULY8AYax, 0e PIBHOMIPHICMb
nooaui KOMROHEHMI8 Ma CMAOLILHICIb NPOYECY 3HAUHOK MIPOIO 3AneNcamy 6I0 PAYIOHATIbHO20 NOEOHAHHS
KOHCIMPYKMUBHUX [ mexHono2iunux napamempie. OOHUM 13 MAKUX MAT00OCTIONCEHUX, ale NepCneKmUGHUX
Kepys8anbHux (hakxmopie € HaOIUUKOBULl MUCK Y 30HI 003V8AHHS, AKUL 00360JIA€ CYMMEBO GNAUBAMU HA PYX
CUNKUX YACMUHOK, THMEHCUDIKYIouU ix nepemiyerHss no OUCKY.

Y kommexcmi ybo2o 00CHiOdNHCEHHS, PO32NA0 HAOMUWKOBO20 MUCKY 5K Mpemvo2o ¢haxmopa y
mpughaxmopHomy excnepumernmi (pazom i3 4acmomoro 0O6epmaHHs ma Kymom meIipHoi KoHyca) 00360.1€
ompumamuy NOGHIULY KapmuHy @i3uuHux npoyecie, wo 6i00yeaiomvcss 6 30HI 003Vy6aHHsA. AHani3
EeKCNepUMEHMANbHUX Pe3yabmamia 0as 3mMo2cy 6CIMAHOSUMU, WO 30ITbUEHHS MUCKY Y MeNCax ONMUMATbHO20
dianazony cnpuse OLIbUL PIBHOMIPHOMY PO3NOOLTY Mamepiany no pobouili no8epxHi Ouckd, Ni08UUEHHIO
MOYHOCMI 003Y8AHHS MA NOKPAWEHHIO 3A2ATTbHOL NPOOYKMUSHOCTE 003AMOpa-3Miulysaud.

Knrouoei cnosa: dozamop-smiutysay, napamempu, HAOIUWKOBUL MUCK, OO0CTIONCEHHS, 003VE8AHHS,
NPOOYKMUBHICMb, 003YI0UULL OUCK, YACMOMA 00epmMaHHs.
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