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The article presents the results of a review study of modern approaches to feed material mixing and
structural and technological solutions for mixing equipment used in compound feed production. The
importance of high-quality mixing of complete feed, premixes, and protein-mineral-vitamin supplements for
ensuring stable nutritional value, safety, and efficiency of animal feeding is substantiated. The main
mechanisms of bulk material mixing-convective, diffusive, and shear mixing-as well as the features of their
interaction at different stages of the technological process are analyzed. It has been established that, alongside
the positive effect of these mechanisms on mixture uniformity, the possibility of segregation, remixing-induced
re-segregation, and local accumulation of individual components should be taken into account. The main
groups of mixture uniformity indices are considered, including variance-based indices, contact indices, and
distance-based indices. The feasibility of using relative standard deviation as a practical criterion for
assessing the uniformity of compound feed component distribution is demonstrated. The main designs of feed
material mixers are analyzed, and their advantages and disadvantages are identified with regard to material
movement patterns, energy consumption, mixing intensity, and susceptibility of components to segregation.
The prospects of using Y- and V-shaped mixers in batch production of compound feed and premixes are
substantiated. A structural and technological design of a Y-shaped bulk material mixer with a stepper-motor
drive, gate servomotors, a damping system, an accelerometer, a rhombus-shaped distributor, and an
automated control system is proposed. The application of these technical solutions creates the prerequisites
for improving mixture uniformity, reducing mixing time, expanding the range of controllable operating modes,
and decreasing energy consumption. The review results can be used for further substantiation of the structural
parameters and operating modes of mixing equipment.

Keywords: compound feed, feed materials, mixing, mixture uniformity, segregation, mixing index,
relative standard deviation, Y-shaped mixer, V-shaped mixer, bulk materials, premixes, automation, structural
and technological design.

Eq. 1. Fig. 8. Tabl. 1. Ref. 60.

1. Problem formulation

Modern production of complete feed involves the use of a wide range of feed materials, including
grain components, protein products, mineral substances, vitamins, premixes, and other feed additives. The
rational combination of these components ensures the required balance of nutrients and directly affects animal
productivity, feed utilization efficiency, and the quality of products of animal origin [1-3].

One of the main technological operations in compound feed production (Fig. 1) is the mixing of feed
materials, the quality of which determines the uniform distribution of nutrients and biologically active
components throughout the entire volume of the finished mixture. This issue is particularly relevant when
using premixes, minerals, and other additives introduced in small quantities. Their non-uniform distribution
can result in localized deficiencies or excesses of individual components, reducing feed efficiency and
adversely affecting animal productivity and health [4-7].

In accordance with the Law of Ukraine “On Safety and Hygiene of Feed” [8], feed materials and
finished feeds must comply with established requirements for safety, quality, and traceability. Therefore, their
preparation and mixing technology must ensure not only compliance with the prescribed formulation but also
the required level of uniformity of the finished feed mixture.
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The efficiency of the mixing process is determined by the physical and mechanical properties of the
components and the structural and technological parameters of the equipment. The quality of the mixture is
significantly affected by particle size distribution, density, moisture content, flowability, particle shape,
coefficients of friction, component ratios, degree of working chamber filling, mixing duration, rotational speed
of the working elements, and the nature of their interaction with the material. Differences in component
properties can cause segregation, making it difficult to obtain a uniform mixture.
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Fig. 1. Process flow diagram for the production of complete feed

Existing mixing equipment is characterized by a variety of structural designs and material movement
patterns. Increasing mixing intensity generally requires greater mechanical action on the material, which may
be accompanied by increased energy consumption. At the same time, excessive process duration does not
always result in a proportional increase in mixture uniformity and may promote re-segregation of the
components.

Therefore, improving the structural and technological solutions of mixing equipment and determining
rational operating parameters that ensure intensive component movement, rapid achievement of the required
degree of uniformity, and efficient energy use are highly relevant.

Thus, the problem lies in the need for a scientific substantiation of the technical and technological
parameters of the feed material mixing process and improvement of the mixing equipment design to ensure
the required uniformity of the feed mixture with minimum process duration and energy consumption.

2. Analysis of recent research and publications

Modern compound feed production technologies involve an integrated combination of operations for
the storage, preparation, grinding, dosing, and mixing of feed materials. Technological lines (Fig. 2) may
include separate sections for the preparation of grain, high-protein, mineral, and microcomponents due to
differences in their physical and mechanical properties and the required dosing accuracy [1-9]. Studies of
technological equipment used in compound feed production show that the efficiency of the entire production
line largely depends on the coordinated operation of individual machines and, in particular, on the quality of
component dosing and mixing.

Considerable attention in modern research is focused on the preparation of feed materials. Hammer
and disc mills are used for grinding grain and protein raw materials, while the separation of grinding and
classification operations is considered a promising approach to enable timely removal of the finished fraction
from the working chamber and reduce energy consumption [10-13]. Recent studies of disc grain grinders,
particularly those involving digital modeling of the particle fracture process, are aimed at substantiating the
structural and operating parameters of working elements and improving the efficiency of raw material
preparation [14-16]. At the same time, grinding quality has a direct effect on subsequent mixing, since
differences in particle size and density can intensify segregation.

An important direction in improving technological lines is increasing dosing accuracy. Screw feeders
are commonly used for the main feed components, whereas mineral components and premixes require
considerably higher dosing accuracy and can be metered using specialized volumetric or vibratory devices
[17-18]. Studies of modern dosing systems demonstrate the need to account for the physical and mechanical
properties of the material, its flowability, and its tendency to form bridges or become suspended. This is
particularly important for microcomponents, whose proportion in the formulation may be less than 1%, since
dosing errors directly affect the stability of the nutritional composition of the feed.

A separate group of studies focuses on premix production (Fig. 3). It has been noted that, due to
substantial differences in the mass fractions of individual ingredients, the mixing process should be considered
as a sequence of micro- and macro-mixing stages. At the first stage, uniform distribution of the
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microcomponents is ensured, after which the resulting premix is introduced into the main mass of the carrier
and other components [19-21]. This approach makes it possible to reduce the non-uniform distribution of
microingredients in the finished product.
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Fig. 2. Technological line for the production of compound feed supplemented with protein-mineral-
vitamin additives

According to the results of studies [22-24], mixing quality depends on the type of mixer, process
duration, and the sequence in which the components are loaded. Gravity and paddle mixers are used for
mineral-vitamin mixtures, whereas screw and helical mixers are employed for the final mixing of feed
components. However, the versatility of a mixer does not always ensure the required quality of the resulting
mixture, particularly when there are significant differences in the physical and mechanical properties of the
components.

Studies of mixture formation in paddle mixers show that the design of the working elements and their
operating mode have a significant effect on material movement intensity and the final uniformity of the mixture
[25]. Studies of two-section mixers have investigated the possibility of improving the efficiency of balanced
feed mixture preparation through the rational combination of working zones [26]. Another research direction
involves improving the working elements of dosing devices and ensuring a stable supply of components to the
mixing chamber [28, 29].

The application of mathematical and numerical modeling makes it possible to investigate mixing
processes in greater depth. In particular, discrete element method (DEM) modeling of feed mixture flow
enables the trajectories of individual particles, their interactions, and the mechanisms of mixture formation to
be studied [27-28]. This approach is promising for identifying insufficiently mixed zones, assessing the
influence of the geometry of the working chamber and working elements, and substantiating the operating
parameters of mixers.

Modern studies also consider ribbon-screw and other combined designs of bulk feed mixers. In
particular, [29] investigated the structural and technological parameters of a ribbon-screw mixer, confirming
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the relevance of searching for rational working-element geometry and operating modes. At the same time,
studies of mixer-feeders indicate the need to ensure not only sufficient mixing intensity but also stable mixture
quality over time and throughout the entire volume of the working chamber.
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Fig. 3. Flowchart of the premix production process

One of the main indicators of mixing efficiency is the uniformity of the resulting mixture, which can
be appropriately assessed using the coefficient of variation (CV). For high-quality premixes, a CV of less than
5% is generally considered desirable. However, an excessive increase in mixing duration does not always
improve the result, since re-segregation of particles may occur after a certain level of uniformity has been
achieved. Therefore, determining the optimal process duration is no less important than selecting the mixer
design.

Analysis of the reviewed studies shows that existing technical solutions encompass a wide range of
mixing equipment, from gravity and paddle mixers to screw, helical, and combined mixers. At the same time,
most studies focus on individual designs or specific groups of feed materials. The relationship between the
structural and operating parameters of mixers, the kinetics of achieving feed mixture uniformity, and the energy
efficiency of the process remains insufficiently systematized.

Thus, an analysis of current scientific studies confirms the need for further investigation of feed
material mixing processes, taking into account their physical and mechanical properties, working-element
design, rotational speed, working chamber fill level, and process duration. A promising research direction is
to establish the mechanisms governing the formation of a uniform mixture and determine rational technical
and technological parameters of mixing equipment, which will make it possible to improve the quality of
finished compound feed while simultaneously reducing process duration and energy consumption.

3. The purpose of the article

The aim of the article is to generalize and systematize modern scientific approaches to the study of
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feed material mixing processes, the mechanisms governing the formation of uniformity in compound feed
mixtures, and methods for its quantitative assessment, as well as to substantiate a promising structural and
technological design of a Y-shaped bulk material mixer with automated control of operating modes.

4. Results and discussion

An in-depth study of the mechanisms of mixing and the efficiency of feed component blending is of
great importance for optimizing technological processes in compound feed production and improving the
design of mixing equipment. Despite the diversity of formulations and the intended use of feeds, the main
mechanisms of mixing bulk feed materials remain common [30-32]. These include (Fig. 4): convective,
diffusive, and shear mixing.

Convective mixing occurs as a result of the movement of individual masses (portions, “blocks”) of
feed materials within the working volume of the mixer under the action of paddles, screws, or ribbon agitators.
These volumes are repeatedly transferred from one zone to another, ensuring the redistribution of components
throughout the working space and increasing the contact area between them. At the initial stage of the process,
this mechanism is predominant, as it provides a rapid reduction in mixture heterogeneity at the macroscale.
However, the size of the moving volumes depends not only on the mixer design but also on the flowability and
particle-size distribution of the feed materials.
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Fig. 4. Schematics of the mechanisms of convective, diffusive, and shear mixing

Diffusive mixing is associated with the random movement of individual particles within small local
zones. In compound feed production, this mechanism is particularly important for the uniform distribution of
microadditives, premixes, and vitamin-mineral components. The rate of diffusive mixing is significantly lower
than that of convective mixing; however, it is precisely this mechanism that ensures the microscale
homogeneity of the mixture. When the dimensions of heterogeneous zones become smaller than the
characteristic dimensions of the moving masses, the role of convection decreases, and diffusion becomes the
primary mechanism for achieving a high degree of mixing.

Shear mixing occurs in narrow slip zones characterized by a high velocity gradient between material
layers. In these zones, intensive deformation of the bulk material, breakdown of agglomerates, and an increase
in the contact area between groups of particles take place. The shear mechanism is closely associated with
convective movement; however, it provides additional breakdown of lumps and improves the uniformity of
component distribution, particularly for materials with increased moisture content or a tendency to
agglomerate.

Characteristic mixing process curve. The mixing process of feed materials in an industrial mixer occurs
simultaneously through the action of all three mechanisms (Fig. 5). Its progression can be conventionally
represented by a curve showing the dependence of the degree of mixing on time [33-35]:

— Stage | (initial) — convective mixing predominates, resulting in a sharp decrease in the mixture
heterogeneity index;

— Stage Il (intermediate) — convective and shear mechanisms act simultaneously; the rate of
improvement in mixture homogeneity gradually decreases;

— Stage 111 (final) — diffusive mixing predominates; the minimum value of the coefficient of variation
is reached, after which slight fluctuations in the parameter may occur.

It should be noted that the actual industrial process of compound feed mixing is considerably more
complex than its simplified representation. In practice, segregation, re-segregation, or local accumulation of
microcomponents may occur.
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Fig. 5. Schematic representation of the characteristic curve of the mixing process

Evaluation of feed mixture homogeneity. One of the key tasks in compound feed production
technology is determining the degree of homogeneity of the finished mixture. Although perfectly uniform
mixing is desirable, it is practically unattainable due to the natural tendency of feed particles toward
segregation, diffusion, and convective redistribution. Segregation occurs when there are differences in particle
size, shape, or density, as well as under the influence of vibration, transportation, or material transfer [36-38].

For the quantitative assessment of compound feed homogeneity, mixing indices are used to
characterize the uniformity of distribution of an individual component (often a tracer or microadditive) within
the mixture. Typically, an index value of 1 corresponds to a completely mixed state, whereas 0 corresponds to
a completely segregated state. An effective mixing index should be [39-41]:

— strongly correlated with the actual homogeneity of the finished product;

— independent of the type of mixer;

— simple to determine and statistically reliable.

Over the past several decades, numerous indicators have been proposed for assessing the mixing of
bulk materials, including feed components. Most of them were developed for two-component systems and are
based on statistical analysis of concentration variation in individual samples. Depending on the assessment
approach, they can be divided into three main groups: variance-based indices, contact indices, and distance-
based indices [42—44].

In compound feed production practice, variance-based methods, particularly RSD, are most commonly
used because they are relatively simple, accessible, and demonstrate a good correlation with actual product
quality indicators. However, in the following analysis, a modified RSD index will be used, which is determined
as follows [27]:

M
ZM +M @)

where M; is the mass of component 1 in sample contamer Pi; Mz; is the mass of component 2 in sample
container Pj; N is the number of sample containers.

A comprehensive approach to evaluating mixture homogeneity makes it possible to optimize mixer
operating conditions, reduce the risk of segregation, and ensure consistent compound feed quality.

When selecting a mixer for compound feed production, a number of technological factors should be
taken into account, including: requirements for mixture homogeneity, the risk of particle segregation, possible
changes in particle size during mixing, sensitivity of feed components to shear loads, energy consumption level
(low- or high-energy mixing), temperature conditions, the number of process stages, batch or continuous
operation, equipment cost, and ease of cleaning [45].

Mixers for bulk feed materials (grain, meal, oilcake, premixes, and mineral additives) are classified
according to their operating mode as batch, continuous, and semi-continuous mixers.

According to the predominant mixing mechanism, the equipment can be conventionally divided into
four main types: drum (gravity) mixers, convective mixers (with forced mixing), hopper mixers (mixing during
gravity discharge), and fluidized-bed (fluidization) mixers.

12



TexHika, eHepreTHka,
Ne 3 (134) /2026 TpaHcnopt AIIK

/% Technology, energy,
ISSN: 2520-6168 Vol. 134, Ne 3 /2026 agriculture transport AIC

Drum (gravity) mixers are among the simplest and most widely used types of equipment. Mixing takes
place inside a sealed housing that rotates around an axis, causing the feed particles to roll and cascade over
one another under the action of gravity.

The housing may have a cylindrical, double-cone, V-shaped, or Y-shaped configuration (Fig. 6). Such
mixers are effective for free-flowing components with similar physical characteristics, for example, crushed
grains of different crops [46—48].

Advantages: simple design, uniform mixing under properly selected operating conditions, and ease of
cleaning due to the minimal number of internal components.

Disadvantages: insufficient efficiency for cohesive, moist, or dusty components; an increased risk of
segregation when there are significant differences in particle size and density; and the possibility of
stratification during discharge due to the formation of a funnel-shaped flow.

a
Fig. 6. Generalized schematics of drum (gravity) mixers:
a — horizontal mixer; b — double-cone mixer; ¢ — V-shaped mixer; d — Y-shaped mixer

Convective mixers are widely used in the compound feed industry. Unlike drum mixers, mixing is
performed through the forced transport of the material by a working element (ribbon, paddles, or screw). A
typical design consists of a stationary housing (cylindrical, conical, or trough-shaped) and a rotating working
element. The particles are transported from one zone to another, ensuring intensive convective mixing and
reducing the risk of segregation. The main types (Fig. 7) include ribbon mixers, paddle mixers, orbital-screw
mixers, and vertical screw mixers [49-53].

A ribbon mixer operates on the principle of opposing axial and radial material movement. Two helical
ribbons (right- and left-handed) transport the feed mass in different directions, ensuring intensive mixing. Such
mixers are widely used for dry compound feed mixtures and for introducing small amounts of liquid additives
(oils, flavoring agents).

A paddle mixer provides faster mixing due to the high mobility of particles. The mixing cycle is usually
significantly shorter than that of ribbon models.

Screw mixers (orbital or vertical) lift the material from the lower part of the hopper upward, creating
circulation. They are suitable for large-volume feed mixtures; however, when processing moist or cohesive
components, “dead zones” may form.

Advantages of convective mixers: high mixing intensity, reduced risk of segregation, and the
possibility of continuous operation.

Disadvantages of convective mixers: lower efficiency for very large volumes, poor mixing of materials
with different densities or particle sizes, the presence of “dead zones” in the hopper, high energy consumption,
and rapid wear of mechanical components when processing heavy or abrasive mixtures.

Hopper mixers

In feed production, hoppers or silos can be used not only for storage but also for mixing. During discharge,
a velocity gradient develops within the hopper, which promotes partial mixing of the material [54-55].

Axial mixing is achieved by recirculating the discharged material. This method is economically
feasible for large quantities of grain when it is necessary to equalize quality parameters such as moisture
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content, bulk density, and impurity level, which may vary depending on harvesting conditions.

To reduce segregation, distribution devices or partitions are used to distribute the material flow
uniformly over the surface. The conical section of the hopper should ensure a mass-flow regime to prevent the
formation of stagnant zones.

a b c d
Fig. 7. Convective mixers:
a — ribbon mixer; b — paddle mixer; ¢ — orbital screw mixer; d — vertical screw mixer

Disadvantages of hopper mixers: partial and non-uniform mixing, particularly in large volumes; the
possibility of stagnant zones when the hopper lacks an appropriate conical shape or partitions; and material
segregation when the components have different characteristics.

Fluidized-bed mixers

Mixing occurs by passing air through a layer of particles at a velocity sufficient to create a fluidized
state. The particles acquire high mobility, which promotes intensive mixing [56-58].

Such units can simultaneously perform other technological operations, including drying, granulation,
and coating. However, segregation may become a problem, particularly when there are significant differences
in the size or density of the components.

Disadvantages of fluidized-bed mixers: segregation problems when particle size or density differs
substantially; high requirements for airflow and energy consumption; and increased structural and maintenance
complexity.

Features of mixer selection for compound feed production

A comparison of different types of mixing equipment is presented in Table 1.

Selection according to process requirements. If additional grinding or breakdown of agglomerates is
required, high-energy convective mixers with small clearances between the working elements and the housing
are appropriate. For the production of premixes and protein-mineral additives, the following factors are
particularly important: ease of cleaning, absence of material accumulation zones, minimal contact of the
mixture with lubricants, and wear resistance when processing abrasive components.

When processing thermosensitive feed additives, heating of the mixture caused by mechanical energy
should be taken into account, and a cooling system should be provided if necessary.

Batch mixers are appropriate for flexible production involving different formulations, whereas
continuous mixers are more suitable for large volumes of uniform products.

Selection according to mixture quality. The primary criterion is achieving the required degree of
homogeneity. Significant differences in particle size, density, and component proportions—for example, the
addition of 0.5-1% premix to a grain-based mixture—create a risk of segregation. Mixers dominated by the
convective mechanism, such as ribbon and screw mixers, are less prone to stratification than gravity mixers.
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Selection according to economic indicators. Mixing costs include equipment depreciation, energy
consumption, maintenance, and repair expenses.

In modern feed production, it is also important to consider the flexibility of the equipment in terms of
changing formulations and the possibility of rapid transition between different types of compound feed.

Thus, the selection of a mixer type for feed materials should be based on a comprehensive analysis of
the physical and mechanical properties of the components, requirements for finished-product quality, operating
conditions of the enterprise, and economic feasibility.

Table 1.
Comparison of Different Mixing Equipment
Miixer Mixer | Main Mixing | Segregation Axial Ease of gg;?:ggi/;r?
Type Mechanism | (Stratification) | Mixing | Cleaning During Discharge
Horlzr%r;)t(aelrdrum Batch Diffusive Partial Poor Poor Poor
Double-cone mixer | Batch Diffusive Partial Poor Good Poor
V-shaped mixer Batch Diffusive Poor Poor Good Poor
Y-shaped mixer Batch Diffusive Poor Poor Good Poor
Ribbon mixer Batch Convective Good Good Good Partial
Paddle mixer CuoonJ;n Convective Good Partial Poor Good
Orbital screw mixer | Batch Convective Partial Good Poor Good
Vertical screw mixer | Batch Convective Good Good Poor Good
Hopper mixer Batch Shear Partial Poor Good Partial
Fluidized-bed mixer | Batch Shear Partial Poor Good Partial

Note: P — batch mixer; B — continuous mixer; D — diffusive mixing; C — convective mixing; S — shear mixing.

Y- and V-shaped mixers are considered preferable for premix production due to a combination of several
important advantages. First, they provide high mixture uniformity even when small amounts of premixes or protein-
mineral supplements are introduced, reducing the risk of segregation compared with horizontal drum mixers.
Second, the design of a Y(V)-shaped mixer allows for easy equipment cleaning and rapid emptying, which is
particularly important when working with thermosensitive or abrasive components. Third, minimal contact of the
mixture with lubricants reduces the risk of contamination of the finished product.

In addition, Y(V)-shaped mixers are well suited for batch production, providing flexibility in changing
formulations and rapid transition between different types of feed. The economic feasibility of this type of mixer is
reflected in lower energy consumption and maintenance costs compared with high-energy convective mixers while
maintaining high mixture quality. Thus, a Y(V)-shaped mixer optimally combines mixing efficiency, ease of
cleaning, low susceptibility to segregation, and cost-effectiveness, making it a highly suitable choice for batch
production of feeds and premixes.

A known dynamically improved V-shaped mixer [59] comprises a frame on which a rotational drive is
mounted (a DC electric motor or an induction motor with a gearbox). Its shaft is connected via a flexible coupling
to a shaft mounted in housing bearings on supports. A V-shaped vessel is rigidly mounted on the shaft and consists
of two inclined branches connected by means of a tee fitting. Gates are installed at the free ends of the branches.
Loading nozzles are located in the upper part of the frame above the inclined branches, while a discharge nozzle is
installed in the lower part of the frame beneath the tee fitting.

The disadvantages of the dynamically improved V-shaped mixer include: insufficient mixture uniformity
due to the absence of a central channel (straight branch) for uniform redistribution of the material; limited mixing
efficiency when a large number of components are used due to the absence of an additional distributor inside the
vessel; absence of sensors for monitoring the dynamic state of the vessel, which prevents optimization of mixing
modes in real time; inability to provide automated and synchronized control of component feeding and discharge;
and absence of dampers or vibration-control devices, which reduces mixing intensity.

A known Y -shaped mixer for bulk materials [60] comprises a frame on which a rotational drive is mounted
(a DC electric motor or an induction motor with a gearbox). Its shaft is connected via a flexible coupling to a shaft
mounted in housing bearings on supports. A Y-shaped vessel is rigidly mounted on the shaft and consists of two
inclined branches and one straight branch connected by means of a tee fitting. Gates are installed at the free ends of
the branches. Loading nozzles are located in the upper part of the frame above the inclined branches, while a
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discharge nozzle is installed beneath the straight branch. A power supply unit is mounted on the frame and connected
to the electrical mains through an ON/OFF button by means of electrical wires.

The disadvantages of the Y-shaped mixer include: lack of precise control over the angle and rotational
speed of the vessel, which complicates process adaptation to different bulk materials; non-uniform mixing at high
rotational speeds due to the absence of dampers for controlling vessel vibrations; limited integration with an
automatic control system for the gates and material feeding; absence of real-time monitoring of the vessel's dynamic
state for optimizing mixing modes; and insufficiently uniform distribution of bulk material due to the absence of a
rhombus-shaped distributor inside the vessel.

The structural and technological scheme of the developed Y-shaped mixer for feed materials is shown in
Fig. 8. The main structural element is frame 1, on which stepper motor 2 is installed. Torque transmission from the
motor to the working vessel is provided by flexible coupling 3 and shaft 4. The shaft is mounted in housing bearings
on supports 5, which are connected to frame 1 through rubber dampers 6.

Y-shaped vessel 7 is rigidly mounted on shaft 4 between the housing bearings. It consists of two inclined
branches 8 and one vertical (straight) branch 9 connected by means of tee fitting 10. This configuration of the
working vessel provides branching and subsequent convergence of bulk-material flows during rotation.

Servo drives 11 are installed at the free ends of branches 8 and 9, with their shafts kinematically connected
to gates 12. They provide automated control of the mixture loading and discharge processes. Accelerometer 13 is
installed on tee fitting 10 between inclined branches 8 to monitor the motion parameters and vibration state of the
working vessel. A conductive slip ring 14 is provided on shaft 4 to transmit electrical signals between the stationary
and rotating parts of the structure.

Fig. 8. Structural and technological scheme of the Y-shaped mixer for feed materials:
1 — frame; 2 — stepper motor; 3 — flexible coupling; 4 — shaft; 5 — housing bearings on supports;
6 — rubber dampers; 7 — Y-shaped vessel; 8 — inclined branches; 9 — straight branch; 10 — tee fitting;
11 —servo drives; 12 — gates; 13 — accelerometer; 14 — conductive slip ring; 15 — distributor; 16 — loading
nozzles; 17 — discharge nozzle; 18 — power supply unit; 19 — stepper motor controller; 20 — control unit with
display; 21 — keyboard; 22 — electrical wires; 23 — ON/OFF button
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Inside tee fitting 10, a rhombus-shaped distributor 15 in cross-section is mounted on shaft 4. Its purpose is
to change the trajectories of particle movement and redistribute material flows during rotation of the vessel.

The components are loaded through two loading nozzles 16 located in the upper part of the frame above inclined
branches 8. The finished mixture is discharged through discharge nozzle 17 located beneath straight branch 9.

The mixer control system includes power supply unit 18, stepper motor controller 19, control unit with
display 20, and keyboard 21. Electrical connection of the system components is provided by wires 22. Connection
of the equipment to a 220 VV AC mains supply is carried out using ON/OFF button 23. Power supply unit 18 provides
electrical power to stepper motor controller 19 and control unit 20. Controller 19 controls the operation of stepper
motor 2, while control unit 20 provides interaction with keyboard 21, servo drives 11, and accelerometer 13.

Before starting operation, the operator supplies electrical power to power supply unit 18 using ON/OFF
button 23. The voltage is transmitted through electrical wires 22 to stepper motor controller 19 and control unit with
display 20. Using keyboard 21, the operator sets the required technological process parameters, including the
rotational speed of Y-shaped vessel 7, the duration of its rotation in the forward and reverse directions, and the total
mixing time.

After the technological cycle is started, control unit 20 receives information on the spatial position and
motion parameters of the vessel from accelerometer 13. Signals from the sensor are transmitted through
electrical wires 22 and conductive slip ring 14. Based on the information received, the control system generates
appropriate commands for stepper motor controller 19.

Controller 19 activates stepper motor 2, whose rotational motion is transmitted through flexible
coupling 3 and shaft 4 to Y-shaped vessel 7. During the loading stage, the vessel is positioned so that inclined
branches 8 are located at the top, while straight branch 9 is at the bottom. Servo drives 11 then open gates 12
on the inclined branches, allowing the components to enter the working vessel through loading nozzles 16.
The material moves through inclined branches 8 to tee fitting 10 and then into straight branch 9. Filling is
carried out to a predetermined level, after which the gates close automatically.

At the next stage, the stepper motor controller provides rotation of vessel 7 at the specified speed,
direction, and duration. During movement, the feed components are displaced under the action of gravitational,
inertial, and centrifugal forces and interact with the surfaces of the vessel and rhombus-shaped distributor 15.
Changes in the direction of motion and the geometry of the Y-shaped vessel promote repeated redistribution
of the material between its working zones.

Additional process intensification is provided by rubber dampers 6, which create an elastic connection
between the housing bearings and frame. As a result, additional oscillatory movements of the working vessel
occur during rotation, contributing to the disruption of stagnant zones and increasing the intensity of mutual
particle movement. The current motion parameters are monitored by accelerometer 13, whose signals are
transmitted to control unit 20 and can be used to adjust the specified operating mode.

After the preset mixing time has been reached, the control system generates a command to terminate
the cycle. Stepper motor 2 rotates Y-shaped vessel 7 to a position in which straight branch 9 is located at the
bottom. Servo drive 11 opens the gate of the straight branch, after which the finished mixture flows under
gravity to discharge nozzle 17. Once unloading is completed, the gate closes, and the mixer is ready for the
next technological cycle.

The proposed Y-shaped mixer provides controlled intensification of the mixing process through a
combination of rotational motion of the working vessel, its additional oscillations, and changes in the direction
of material movement. The use of a stepper motor enables precise control of the rotational speed, direction,
and rotation angle of the vessel, creating the conditions for reproducible technological operating modes.

The use of rubber dampers forms an elastic connection between the moving system and the frame and
promotes the occurrence of additional oscillations. This activates particle movement, reduces the probability
of stagnant zones, and increases mixing intensity.

The rhombus-shaped distributor provides additional separation and redistribution of feed-component
flows in the branch-connection zone, increasing the number of cycles of mutual particle movement and
contributing to the formation of a more homogeneous mixture.

Automated control of the gates using servo drives ensures synchronization of loading and unloading
operations, while the accelerometer makes it possible to monitor the actual motion parameters of the working
vessel. Collectively, these features enable adaptive control of the mixing process depending on the specified
technological parameters and the actual dynamic state of the system.

Thus, the main structural features of the proposed mixer are the Y-shaped working vessel, controlled
reversible motion, elastic mounting using dampers, an internal distributor, and an automated control system.
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Their combined application is aimed at increasing mixing intensity, reducing the duration of the technological
cycle, and improving the uniformity of the feed mixture.

5. Conclusion

Complete feed mixtures containing premixes and protein-mineral-vitamin supplements are a key
element of rational animal feeding, ensuring optimal conversion of nutrients into animal products, increased
productivity, and maintenance of animal health. Their effectiveness depends on the proper selection of
components, accurate dosing, high-quality mixing, and compliance with safety and hygiene requirements
regulated by legislation and international standards. The use of a quality control system at all stages of
production and storage ensures stable nutritional value, product safety, and economic benefits for farms.

The mechanisms of feed material mixing—convective, diffusive, and shear—are interconnected and
collectively ensure the achievement of mixture uniformity. Convective mixing rapidly reduces heterogeneity at the
macroscopic level, the shear mechanism breaks up agglomerates and improves particle contact, while diffusion
ensures uniform distribution of micro-additives and microscale homogeneity. The actual production process is
complicated by segregation, re-segregation, and local accumulation of individual components. Various mixing
indices are used to evaluate uniformity, including variance-based, contact, and distance-based indices, each having
its own advantages and limitations. In feed production practice, variance-based methods, particularly relative
standard deviation (RSD), are among the most convenient and best correlated with mixture quality. A
comprehensive approach to the analysis and control of the mixing process makes it possible to optimize equipment
operation, reduce undesirable phenomena, and ensure stable uniformity and quality of the finished feed.

Analysis of feed material mixer designs shows that mixing efficiency, mixture uniformity, and the risk of
segregation largely depend on the mixer type, operating mechanism, and physicomechanical properties of the
components. Drum (gravity) mixers are simple and easy to maintain; however, they are less effective for wet,
cohesive, or components with substantially different densities. Convective mixers provide intensive mixing and
reduce the risk of segregation, but they may have “dead zones,” high energy consumption, and increased wear of
working components. Hopper and fluidized-bed mixers are suitable for partial or specialized mixing but are
characterized by limited uniformity and increased design requirements. For batch production of premixes and
complete feeds, Y- and V-shaped mixers are among the most effective. They provide high uniformity even with
small component doses, a low risk of segregation, easy cleaning, and rapid emptying of the equipment. An
additional advantage is their cost-effectiveness, including lower energy consumption and maintenance costs
compared with high-energy convective mixers. Thus, Y (V)-shaped mixers optimally combine efficiency, reliability,
and economic feasibility, making them a highly suitable choice for modern feed production.

A structural and technological scheme of a Y-shaped mixer for bulk materials has been developed. The
mixer is a highly efficient piece of equipment designed for accurate and uniform mixing of components. The
design includes a rigidly mounted Y-shaped vessel consisting of three branches, a gate system with servo drives,
dampers for reducing vibrations, and a stepper motor as the rotational drive. Additional equipment, including an
accelerometer, conductive slip ring, rhombus-shaped distributor, and stepper motor controller, provides precise
control of the mixing process. The control unit with a display and keyboard enables convenient adjustment of the
mixer operating mode, while the optimized arrangement of the loading and discharge nozzles improves
equipment ergonomics and productivity. This design ensures high mixture uniformity and process automation,
making it suitable for industrial production of complete feeds and other bulk materials.
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TEXHIKO-TEXHOJIOTTYHE 3ABE3IIEHEHHSA 3MIIIYBAHHS KOPMOBUX MATEPIAJIIB

Y cmammi nagedeno pesyromamu 0211006020 OOCHIONCEHHS CYHACHUX NIOX00i6 00 3MIULy8AHHS
KOPMOBUX Mamepiani@ ma KOHCMPYKMUGHO-MEXHONO02IUHUX DilleHb 3MIuY8aNbHO20 O00NAOHAHHSA  Osl
8UpoOHUYMEa Kombixopmis. OOTPYHMOBAHO 3HAYEHHS AKICHO20 3MIULYBAHHA NOBHOPAYIOHHUX KOMOIKOPMIS,
npemikcie i OiIKOBO-MIHEPANbHO-GIMAMIHHUX 000a80K 05 3abe3neuentss cmabiibHOI NONCUBHOT YIHHOCMI,
besneunocmi ma egexmusnocmi 200ieni meapun. Ilpoananizo8ano OCHOGHI MEXAHIZMU NeEPeMilly8aAHHS.
CUNKUX Mamepianie: KOHBeKMUSHUL, OuGy3itiHuLl ma 3Cy8HUU, a MAKOMC 0CODIUBOCI iX 83a€MOOII HA PI3HUX
cmaoiax mexuHon02iuno20 npoyecy. Bcmanosnerno, wjo nopso iz no3umMusHUM 6NIUEBOM 3A3HAYEHUX MeXAHIZMIE
Ha O0OHOPIOHICMb CyMiwi HeOOXIOHO 8PaAxo8y8amu MONCIUGICIb BUHUKHEHHS cez2pezayii, NOBMOPHO2O
PO3WAPYBAHHA MA JIOKATbHO20 HAKONUYEHHS OKpeMUx KOMNOHenmis. Posenanymo ocnogui epynu indexcis
OYIHI0BAHHS OOHOPIOHOCI CYyMILULE, 30KpeMa NOKA3HUKU HA OCHOBI OUCNepCii, KOHMAKMHI iHOeKcu ma iH0eKcu
Ha 0cHOGI gidcmanetl Mise wacmunkamu. Iloxazano doyinbHicms GUKOPUCTNAHHS BIOHOCHO20 CMAHOAPIHO20
BIOXUNEHHS SIK NPAKMUYHO20 KPUMEPIIO OYIHIOBAHHS PIBHOMIDHOCIIE PO3NOOINY KOMNOHEHMIE KOMOIKOpMY.
Ilpogedeno ananiz 0CHOBHUX KOHCMPYKYIU 3MIULY8aAYI8 KOPMOBUX MaAmepianie ma 8UsHAYeHo ix nepesazu i
HeOONIKU 3 YPAXYBAHHAM XApaKmepy pyxy Mamepiany, eHepeoEMHOCHI, IHMEeHCUBHOCME NepeMiuly8aHHs ma
CXUNBHOCTI KOMROHEHMIG 00 cecpezayii. OOIPYHMOBAHO NePCheKMUGHiCms UKOpUcmanus Y- ma V-nodionux
3MiWY8ayie 'y NOpYitiHoMy BUPOOHUYMEI KOMOIKOpMIE | npeMikcie. 3anponoHO8aHO KOHCMPYKMUBHO-
MEeXHON02IYHY cxeMy Y-noOdibHo20 3miuysaua cunKux mMamepiaiie iz KpoKOGUM NPUBOOOM, Cep8ONPUB0OAMU
3ACAIHOK,  CUCTNEMOIO  OeMIQYBAHMS,  AKCENepOMEmpoM,  POMOONOOIOHUM — PO3NOOITLHUKOM — ma
a8mMoOMAmMuU308aHOI0 CUCTNEMOIO KEPYBAHHA. 3aCmOCy8aHHA 3A3HAYEHUX MEXHIYHUX piulenb CMBOpIoE
nepedymosu 0as niosuweHHs: 00OHOPIOHOCMI CYMiuli, CKOPOYEHHS MPUBANOCII 3MIULYBAHHS, DPO3UUDEHHS
0iana3ony Keposanux pexcumis ma 3HUMICEHHs eHepeemuyHux gumpam. Pezyiomamu 02150y mMoxcyms Oymu
BUKOpUCTHAHT 011 NOOATLUO20 OOIPYHMYBAHHS KOHCMPYKMUGHUX NAPAMEMpIie ma pedxcumie podomu
3MIULYBATLHO20 0ONAOHAHHSL.

Knrouoei cnoea: xombixopm, Kopmosi mamepianu, 3Miuly8aHHs, 0OHOPIOHICMb cyMilli, cespe2ayis,
iHOeKC 3MIULY8aHHs, GIOHOCHe CMaHOapmue GIOXUNeHH s, Y-nodionutl smiutysay, V-nodionuil 3miuyeay, cunki
Mamepianu, npemikcuy, agmomMamu3ayis, KOHCMPYKMUEHO-MEXHONI02IYHA CXeMd.
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