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ANALYSIS OF DESIGN FEATURES
AND DEVELOPMENT TRENDS OF
SPIRAL SCREW CONVEYORS FOR
BULK MATERIALS

This paper presents the results of a comprehensive analysis
of the design features, technical characteristics, and current
development trends of spiral screw conveyors for bulk materials that
are widely used in agricultural production. An analysis of modern
conveyor system designs and the specific features of their application
for conveying grain, compound feed, seeds, mineral fertilizers, feed
mixtures, and other bulk materials was conducted. It was established
that spiral screw conveyors are characterized by structural simplicity,
compactness, high reliability, a sealed conveying process, the
capability to transport materials in horizontal, inclined, and vertical
directions, as well as relatively low operating costs.

A comparative analysis of conventional screw conveyors,
shaftless spiral screw conveyors, belt conveyors, bucket elevators,
and chain conveyors was carried out according to productivity, energy
efficiency, structural complexity, conveying tightness, and suitability
for operation under the conditions of Ukraine's agricultural industry.
Current design solutions for mobile and stationary conveying systems
were summarized, and the specific features of screw conveyor
applications in grain cleaning complexes, grain elevators, feed
preparation systems, livestock production, and post-harvest
processing lines were analyzed.

Particular attention was devoted to the analysis of modern
electric drive systems and automated control systems for spiral screw
conveyors. The operating principles of adjustable electric drives
based on induction slip couplings, automated variable-speed control
(AVC) systems, and variable-frequency electric drives were
examined, and their advantages in terms of improving energy
efficiency, reducing dynamic loads, and ensuring the stability of
conveying and technological processes were identified.

Based on the generalization of previous research findings, a
comparative evaluation of the technical characteristics of conveying
systems was performed, relationships between conveying capacity
and design and operating parameters were established, and the
specific energy consumption of different conveyor types was
assessed. It was determined that the most promising solution for the
conditions of Ukraine's agricultural production is represented by
shaftless spiral screw conveyors equipped with variable-frequency
electric drives, which provide increased conveying capacity, reduced
energy consumption, improved operational reliability, and adaptability
to different physical and mechanical properties of bulk materials. The
obtained results can be applied in the design, modernization, and
operation of modern conveying and technological systems for the
agro-industrial sector.

Keywords: spiral screw conveyor, screw conveyor, bulk
materials, conveying and technological processes, agricultural
production, conveying capacity, electric drive, automation, energy
efficiency, design parameters, conveying systems, shaftless spiral.
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Introduction. Under the current conditions
of agricultural production development, improving
the efficiency of conveying and technological
processes is one of the key factors in ensuring the
competitiveness of agricultural enterprises. A
significant proportion of grain, compound feed,
mineral fertilizers, and other bulk materials is
transported using screw conveyors and spiral screw
conveyors, which are characterized by compact
design, structural simplicity, the ability to convey
materials in horizontal, inclined, and vertical
directions, as well as high operational reliability. An
analysis of current engineering solutions indicates
that these conveying systems have become widely
adopted in grain harvesting machinery, grain
cleaning facilities, grain elevators, feed mills, and
other agro-industrial enterprises.

The improvement of screw conveyor
designs, the investigation of bulk material
conveying processes, and the enhancement of the
efficiency of conveying and technological systems
have been the subject of extensive research by
numerous Ukrainian and international scientists,
including those reported in [1-4] and other studies.
Their research has addressed the mechanisms of
bulk material movement in screw conveyors, the
influence of screw geometric parameters on
conveying capacity and the energy consumption of
the conveying process, as well as the improvement
of drive systems and automated control systems..

At the same time, an analysis of the
scientific literature indicates that the majority of
existing studies have focused on conventional
shafted screw conveyors, whereas the issues of
comprehensive analysis of modern spiral screw
conveyor designs, the specific features of their
application, their design advantages, electric drive
systems, and prospects for further development
remain insufficiently systematized. Furthermore,
current requirements for improved energy
efficiency, conveying capacity, and operational
reliability necessitate the generalization of existing
engineering solutions and the identification of the
most promising directions for the development of
spiral screw conveyors. This is confirmed by the
analysis of contemporary conveyor designs, the
requirements for electric drive systems, and
automated conveyor control systems.

In this context, a comprehensive analysis of
modern spiral screw conveyor designs for bulk
materials, the generalization of existing research
findings, and the identification of promising
directions for their structural and technological
improvement are of particular relevance. Such an
analysis is aimed at increasing conveying capacity,
reducing energy consumption, and ensuring the
stability of conveying and technological processes.

Review of recent research and
publications. An analysis of recent scientific
publications indicates that the conveying of bulk
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materials by means of screw conveyors and spiral
screw conveyors remains one of the key research
areas in the field of conveying and technological
systems. Considerable attention has been devoted
to improving the design of conveying elements,
increasing conveying capacity, reducing energy
consumption, enhancing operational reliability, and
expanding the functional capabilities of conveying
equipment.

Previous studies have investigated the
design features of screw conveyors and spiral
screw conveyors, their operating principles, the
mechanisms governing the interaction between the
conveying element and bulk materials, as well as
the influence of design and operating parameters
on conveying performance. It has been established
that the efficiency of conveying systems is largely
determined by the geometric parameters of the
spiral, its rotational speed, the conveyor inclination
angle, the characteristics of the drive system, and
the physical and mechanical properties of the
conveyed material.

A separate area of research has focused on
the improvement of electromechanical systems for
screw conveyors. Particular attention has been paid
to the application of adjustable electric drives,
variable-frequency speed control, automated
control systems, and technologies for monitoring
process parameters. The implementation of
modern control systems enables smooth starting
and stopping of the conveyor, stabilization of
operating conditions, reduction of dynamic loads,
and improvements in both energy efficiency and
operational reliability.

At the same time, an analysis of the
published literature shows that the vast majority of
studies have focused on improving individual
structural components of conveyors or specific
aspects of their electric drive systems.
Comparatively little attention has been given to a
comprehensive analysis of contemporary spiral
screw conveyor designs, their classification, the
comparative evaluation of the advantages and
limitations of different design configurations, and
the generalization of promising directions for their
further development. Additional research is also
required on the integration of modern structural
solutions with automated control systems, the
improvement of energy efficiency, and the
adaptation of conveyors to the handling of bulk
materials with different physical and mechanical
properties.

Therefore, conducting a comprehensive
analysis of modern spiral screw conveyor designs,
systematizing existing engineering solutions, and
identifying promising directions for their structural
and functional improvement are highly relevant
research objectives.

Research objective. The objective of this
study is to conduct a comprehensive analysis of
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modern design solutions for spiral screw conveyors
used for bulk material handling, including their
structural features, operating principles, technical
characteristics, electric drive systems, and
automated control systems, as well as to identify
promising directions for their further development
aimed at improving conveying capacity, energy
efficiency, and the reliability of conveying and
technological processes.

To achieve this objective, the following
tasks were defined:

-to analyze contemporary spiral screw
conveyor designs and the specific features of their
application for bulk material conveying;

- to examine the structural characteristics of
conveying elements and identify the factors
affecting their operational efficiency;

-to investigate modern electric drive
systems and automated control systems for spiral
SCrew conveyors;

to summarize the advantages and
limitations of existing engineering solutions and
identify promising directions for the structural and
functional improvement of spiral screw conveyors.
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Main Research Results.

Application of Screw Conveyors. Screw
conveyors are extensively used in agricultural
production due to their versatility, simplicity of
design, and reliable operation. They are widely
employed in feed preparation systems, manure
handling, the conveying of grain, feed products, root
crops, and other bulk materials, as well as in
combine harvesters and various other agricultural
machines [3].

The system of machinery developed for the
comprehensive mechanization of agricultural
production provides for the use of lightweight
mobile, portable, and stationary conveyor systems
for warehouses and grain elevators.

In particular, portable and mobile screw
conveyors are widely used (Figures 1-2).

Figure 1 shows a grain loader with a
maximum conveying height of up to 2.5 m.
Depending on the model, the screw diameter
ranges from D = 88-110 mm, with a rotational
speed of n = 550 rpm. The installed drive power is
(Na = 0.6-1.0) kW, while the conveying capacity is
(Q =4-10) t/h

Fig. 1. Portable inclined screw conveyor: 1 — loading hopper; 2 — casing; 3 — screw; 4 —
electric motor; 5 —gearbox; 6 — chain drive; 7 —discharge spout.

Fig. 2. Mobile screw conveyor: 1 —loading section; 2 —screw; 3 —casing; 4 —transmission;
5 —electric motor; 6 — discharge spout; 7 —two-wheel chassis.

Specialized loaders equipped with screw
conveyors and mounted on truck chassis have

become
agricultural

increasingly widespread in modern
production. These machines are
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primarily used for the mechanized loading of grain
into seed drills, transport vehicles, storage hoppers,
and other technological containers. Their
application substantially reduces manual labor
requirements, increases the productivity of loading
and conveying operations, and ensures the
continuity of sowing and material-handling
processes.

In the design of such loaders, as illustrated
in Figure 3, horizontal and inclined screw conveyors
are integrated to ensure the efficient conveying of
bulk materials in different directions. The horizontal
screw conveyor feeds grain to the receiving section
of the conveying system, whereas the inclined
conveyor elevates the material to the required
height and subsequently loads it into a seed drill or
transport vehicle. This design configuration
optimizes the bulk material handling process and
ensures a uniform material feed.

A distinctive feature of these conveying
systems is their adaptation for mobile operation
under agricultural conditions. The loader hopper,
fabricated from sheet steel and structural steel
sections, is mounted directly on the truck frame.
This design provides sufficient structural strength,
resistance to dynamic loads, and relatively low
weight. The steel framework ensures structural
rigidity and enhances the operational reliability of
the conveying system under intensive service
conditions.

An important advantage of mobile loaders
equipped with screw conveyors is the possibility of
rapidly replacing the loading hopper with a standard
truck body after the completion of sowing
operations. This significantly increases the
versatility of the truck chassis and enables more
efficient utilization of transport vehicles throughout
the production cycle. As a result, the costs
associated with maintaining specialized equipment
are reduced, while the economic efficiency of
mechanized agricultural operations is improved.

The application of mobile conveying
systems with spiral screw conveying elements
provides high equipment maneuverability, rapid
execution of technological operations, and the
capability to operate directly under field conditions.
At the same time, the operational efficiency of such
machines largely depends on the design
parameters of the screw conveyor, its operating
conditions, and the coordinated interaction of the
individual components of the conveying system.

Therefore, particular attention should be
paid to research aimed at substantiating the optimal
design and operating parameters of spiral screw
conveyors for bulk materials used in mobile loading
machines. The rational selection of the screw
geometric parameters, rotational speed, and
loading unit design makes it possible to increase
conveying capacity, reduce energy consumption,
and ensure stable conveying of grain materials
during conveying and technological operations.
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Fig. 3. Screw loader.

In modern agricultural production, self-
propelled crawler-mounted grain loaders are
becoming increasingly widespread. In these
machines, conventional scraper-type intake
mechanisms are replaced by more reliable and
productive screw conveying elements. The use of
right-hand and left-hand screw flights ensures the
uniform gathering of grain toward the central
section of the conveying system, thereby improving
the efficiency of the loading process. This design
solution reduces grain losses, enhances the
stability of material feeding, and ensures
continuous operation of the conveying equipment.

In such grain loaders, the right-hand and
left-hand screw conveyors are connected to the
lower shaft of a double-chain scraper conveyor,
which serves as the primary conveying element.
During operation, the screw conveyors gather grain
from both sides of the pile and deliver it to the
central conveying section. The scraper conveyor
subsequently transfers the material to a discharge
belt conveyor, which loads the grain into transport
vehicles or storage bins. The use of such a
combined conveying system enables efficient
handling of large volumes of bulk materials while
maintaining stable conveying capacity.

The intake screw conveyors of these
machines typically have a diameter of
approximately 300 mm and a screw pitch of about
215 mm. These parameters are selected to achieve
an optimal balance between conveying capacity,
energy consumption, and the uniformity of material
feeding. The geometric parameters of the screw
conveying element directly influence the movement
characteristics of the grain mass, the intensity of
material flow, and the loading imposed on the drive
mechanisms.

Some grain loader designs incorporate
intake screw conveyors in combination with a
bucket elevator, while retaining a belt conveyor as
the discharge conveyor. In such systems, all
mechanisms are mounted on a self-propelled
wheeled chassis, providing high equipment mobility
and allowing operation directly under field
conditions. These machines are characterized by
reliable performance during the loading of grain,
maize ears, and other bulk or lumpy materials.
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In mechanized loading and unloading
systems, screw conveyors are employed both as
mobile inclined conveyors and as portable vertical
screw conveyors. Their application makes it
possible to mechanize the loading, unloading, and
conveying of bulk materials within grain handling
facilities, warehouses, livestock farms, and other
agro-industrial production facilities.

One example of such engineering solutions
is a tractor-mounted grain loader for wheeled
tractors, the design of which is shown in Figure 4.
This machine employs screw conveying elements
with right-hand and left-hand flights to transport
grain toward the scraper conveyor. A specially
designed plow mechanism is used to gather grain
into the intake zone of the screw feeder, thereby
improving loading efficiency and minimizing
residual material remaining on the ground.

All mechanisms of the loader are driven
from the tractor power take-off (PTO) shaft through
a system of chain drives. This design solution
ensures the compactness of the conveying system,
simplifies its operation, and allows the tractor to
serve as a universal power source. The conveying
capacity of such grain loaders may reach 100 t/h,
demonstrating their high efficiency in mechanized
grain-handling operations.

Mobile screw conveyors, the design of
which is shown in Figure 5, are also widely used for
grain-loading operations. The conveying element of
these conveyors may have a length of up to 10 m
and is driven by an electric motor with a rated power
of approximately 7 kW and a rotational speed of
1400 rpm through V-belt and chain transmissions.
The conveyor frame is mounted on a wheeled
chassis, providing mobility and ease of operation
under practical working conditions.

Depending on the conveyor inclination
angle, the material discharge height may vary from
2.6 to 7.2 m. At an inclination angle of 13-25°, the
conveying capacity reaches 80 t/h. Such conveying
systems are characterized by structural simplicity,
high mobility, and the ability to be rapidly relocated
between production sites, making them an effective
means of mechanizing conveying and technological
processes in agriculture.

An analysis of contemporary screw
conveyor designs indicates that their operational
efficiency is largely determined by the design
parameters of the conveying element, its operating
conditions, and the characteristics of the interaction
between the bulk material and the conveying
surface. Therefore, the substantiation of the optimal
design and operating parameters of spiral screw
conveyors for bulk materials is of particular
importance for increasing conveying capacity,
reducing energy consumption, and ensuring the
stability of conveying and technological processes
in agricultural production.
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Fig. 4. Schematic diagram of a tractor-
mounted grain loader

Fig. 5. Screw conveyor E-1500 (PJSC
CherkasyElevatorMash)

The inclination angle of the screw conveyor
is adjusted by means of a manual winch (3) within
the range of 6 = 10°-45°. The screw has a diameter
of 230 mm, a pitch of 250 mm, and operates at a
rotational speed of n = 480 rpm. In the self-
propelled screw conveyor—grain loader
configuration, the screw conveyor is assembled
from three sections: a lower section with a receiving
hopper, a middle section, and an upper section with
a discharge spout. The inclination angle of the
screw axis relative to the horizontal can be adjusted
within the range of & = 18°-60°, depending on the
operating conditions and intended application.
When operating as part of a conveyor line, the
inclination angle is & = 18°. For loading grain into
trucks, the angle is adjusted to & = 25°-45°; for
loading grain into railway wagons through roof
hatches, & = 43°-45°; and for conveying grain to an
upper conveyor in a grain storage facility, the
inclination angle is set to & = 60°.

The screw conveyor shafts are supported
by rolling-element bearings, which provide stable
operation and reduce friction. The screw sections
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are interconnected by means of toothed couplings,
allowing convenient handling, maintenance, and
assembly of the individual sections, thereby
simplifying conveyor installation and disassembly.
The screw conveyor is supported by rear wheels,
while the front wheels are connected through a
lifting boom pivotally attached to the conveyor
casing. This arrangement facilitates convenient
adjustment of the screw inclination angle. The
conveyor is driven by an electric motor that
transmits torque through a worm gearbox to an
intermediate shaft and subsequently through a
coupling and chain drive to the drive wheel.

A dedicated lifting mechanism is
incorporated into the design to enable manual
raising and lowering of the screw conveyor, thereby
increasing operational flexibility. Horizontal and

The single-screw feed mixer Agilo V-MIX
(Fig. 6a) is the smallest model in the V-MIX range
manufactured by BvL. It is available in two
configurations with hopper capacities of 3.5 and 5
m3. Despite its compact dimensions, this feed mixer
provides performance comparable to that of full-
scale feed mixing machines while offering high
maneuverability and being suitable for use in
livestock facilities of various types. BvL also
manufactures twin-screw V-MIX Plus feed mixers
with capacities ranging from 13 to 30 m3, as well as
triple-screw V-MIX Plus 3S feed mixers with
capacities ranging from 25 to 40 m3.

Practical experience with conveying
systems used in modern combine harvesters
confirms that screw conveyors generally exhibit
higher operational reliability than belt conveyors,
which are also employed in combine harvester
designs. This advantage is attributed to the
structural characteristics of the screw conveying
element, the nature of its interaction with the
conveyed grain mass, and its resistance to
demanding operating conditions. The use of screw
conveying systems ensures stable material
transport even under conditions of elevated
moisture content, irregular grain inflow, and a high
proportion of plant residues, which are
characteristic of agricultural production.
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inclined screw conveyors are integrated into a
mobile receiving hopper equipped with a screw
feeder designed to receive grain discharged from
trucks and transfer it to a belt conveyor. This design
provides high conveying capacity and ensures
efficient operation in agricultural material-handling
processes.

The screw conveyors have a diameter of 250 mm,
a screw pitch of 250 mm, and operate at a rotational
speed of n =300 rpm. They are driven by an electric
motor with a rated power of 7 kW, providing a
conveying capacity of up to 80 t/h. The inclination
angle of the discharge screw conveyor relative to
the horizontal is & = 25°. The conveyor shafts are
interconnected by means of a universal joint
coupling. Power is transmitted from the electric
motor through V-belt and chain drives.

¢)
Fig. 6. Screw mixers: a) Agilo V-MIX (BvL); b) KSP-9 (Bratslav); c) SPP-2500 (Tekhnolog).

One of the important advantages of screw
conveyors is their high resistance to operation in
humid environments. Unlike belt conveying
systems, in which moisture may cause belt
slippage, impair the operation of tensioning
devices, and accelerate the wear of drive
components, screw conveyors maintain stable
performance  under demanding  operating
conditions. This is particularly important when
harvesting grain crops during periods of elevated
humidity or when handling materials containing
plant residues and dust.

Another significant structural advantage of
screw conveyors is the absence of rotating rollers
around which straw, plant residues, or fibrous
contaminants may become entangled during
operation. In belt conveyors, such phenomena can
frequently result in drive overload, disruption of
uniform material conveying, and the need for
frequent cleaning of operating components. In
screw conveying systems, this problem is
considerably less pronounced, which positively
affects equipment reliability and reduces the time
required for maintenance.

Screw conveyors used in combine
harvesting machinery are subject to stringent
technical and operational requirements. This is due
to the need to ensure stable operation of the
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conveying system under significant dynamic loads,
irregular grain flow, and continuous vibration. The
manufacturing and installation accuracy of the
screw conveyor directly affects its conveying
capacity, service life, and the quality of bulk material
transport.

The casings of screw conveyors must be
rigidly and securely attached to the machine frame.
At the same time, gaps and clearances at the joints
between structural components should not exceed
1 mm, since excessive clearances may result in
grain losses, ingress of foreign matter, and
deterioration of the operating conditions of the
conveying system. The accuracy of the relative
positioning of the casings is also an important
parameter, with the permissible misalignment of the
structure not exceeding 5 mm.

Particular requirements apply to the
installation of screw conveyor shafts. The
permissible axial displacement of the shafts is
limited to 2 mm, which is necessary to ensure
uniform rotation of the conveying element and
reduce additional loads on the bearing assemblies.
In addition, screw flight runout should not exceed 3
mm, since exceeding this value may cause irregular
movement of the bulk material, increased vibration,
and accelerated wear of conveyor components.

An important factor in the effective
operation of screw conveyors is the proper
balancing of the conveying element. An unbalanced
screw generates additional dynamic loads during
rotation, which adversely affect the bearing
supports, drive components, and structural
mounting elements of the conveying system. As a
result, vibration levels increase, energy
consumption rises, and the service life of the
equipment is reduced. For spiral screw conveyors
used for bulk material handling, proper balancing is
of particular importance, since the stability of the
conveying element rotation directly affects the
uniformity of material movement and the overall
efficiency of the conveying process.

The technical requirements outlined above
indicate that achieving high conveying capacity,
reliability, and service life of screw conveyors is
directly associated with the accuracy of their
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design, manufacture, and installation. This is
particularly relevant to spiral screw conveyors for
bulk materials, whose performance is determined
not only by the geometric parameters of the
conveying element but also by the rational selection
of the operating conditions of the conveying system.
Therefore, the substantiation of the design and
operating parameters of spiral screw conveyors is
an important prerequisite for improving the energy
efficiency, reliability, and technological stability of
modern conveying and technological equipment
used in the agro-industrial sector [7]. Screw
conveyors can also be used for conveying liquid
materials. Figure 7 shows the NSH-50 screw
conveyor, which is mounted on a tractor and used
for unloading liquid manure. Its conveying capacity
can reach 50 t/h at a rotational speed of n = 1000—
1400 rpm.

3

~1000

t| 1950

| 3660

3000...3500

Fig. 7. Tractor-mounted screw conveyor for
liquid manure: 1 - screw; 2 - frame; 3 -
hydraulic system; 4 - tractor power
transmission mechanism.

The hopper is made entirely of metal,
hermetically sealed, and conical in shape. A
longitudinal screw conveyor is mounted at the
bottom of the hopper, while a rotary paddle agitator
is positioned above it [8] (Figure 8). The screw
conveyor is driven by the tractor power take-off
(PTO) shaft through a bevel gearbox, providing a
rotational speed of 170 rpm.

b)
Fig. 8. Mixers with horizontally arranged ribbon screw conveyors: a) single-screw mixer; b) twin-
screw mixer with oppositely rotating screws.
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The mixing screw, which receives feed from
the longitudinal screw conveyor and discharges it
into the feeding troughs, is pivotally connected to
the frame and can be positioned horizontally by
means of a hydraulic cylinder when filling feeding
troughs with a height of up to 500 mm [2,3,4].

Flexible, shaftless spiral screw conveyors are
widely used for unloading railway wagons,
transloading grain, grain treatment, and feed mixing

(Figure 10).

N \g

S o

c)

Fig. 9. Flexible shaftless spiral screw
conveyors: a) Machine-Building Plant “Vityaz”
LLC; b) Industrial Equipment Plant “Progress”
LLC; c) “Technik” LLC.

Screw conveyors are used in equipment for
drying hay and feed. In foreign agricultural
machinery, screw conveyors are commonly
employed as universal conveying units with lengths
ranging from 3 to 16 m, driven by either an electric
motor or an internal combustion engine, with
conveying capacities of 2—40 t/h [2].

= p——

Fig. 10. Structural diagram of a screw
conveyor drive: 1 — screw shaft; 2 — support
frame; 3 — hydraulic motor; 4 — reduction gear
transmission mechanism; 5 — electric drive; 6 —
hydraulic system for supplying the working
fluid.

Analysis of Possible Electric Drive Systems
for a Spiral Screw Conveyor. In modern conveying
and technological systems used in agro-industrial
production, ensuring stable and energy-efficient
operation of the drives of conveying equipment is of
particular importance. This is especially relevant for
spiral screw conveyors for bulk materials, whose
operational efficiency is largely determined by the
characteristics of the electric drive, its operating
modes, and the possibility of regulating the
rotational speed of the conveying element. The
current level of development of electrical
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engineering systems makes it possible to employ
automated variable-speed electric drives capable of
maintaining specified material-conveying
conditions with high accuracy and adapting the
conveying system to varying load conditions.

An analysis of modern domestic and
international control systems indicates that
automated electric drives are widely used in
pumping installations, ventilation systems,
conveyors, and other technological systems. In
such systems, the controlled parameters may
include pressure, fluid flow rate, material conveying
speed, or rotational speed of the working element.
For spiral screw conveyors, the primary controlled
parameter is the rotational speed of the screw,
which directly determines the conveyor capacity,
the intensity of bulk material movement, and the
energy consumption of the conveying process.

Modern automatic control systems make it
possible to maintain the specified rotational speed
of the drive motor with high accuracy. However,
excessive sensitivity of the control system may
result in continuous fluctuations in motor speed and
the occurrence of alternating dynamic loads on the
drive components. In conveying systems, this
adversely affects couplings, bearing assemblies,
gearboxes, and the structural elements supporting
the conveying element, ultimately leading to
accelerated wear. Therefore, when designing
electric drives for spiral screw conveyors, it is
necessary to consider not only control accuracy but
also the stability of the conveyor operating modes
and the reduction of dynamic loads acting on its
structural components.

The operating principle of automatic control
systems is based on varying the rotational speed of
the drive motor according to the load on the
conveying system. When the material feed rate or
load decreases, the control system automatically
reduces the screw rotational speed, thereby
reducing energy consumption and the load on the
drive mechanisms. As the intensity of bulk material
feeding increases, the rotational speed of the
conveying element is correspondingly increased,
ensuring that the required conveyor capacity is
maintained.

For bulk material conveying systems,
maintaining stable drive operation under variable
loads is of particular importance. In some cases, it
is necessary to employ additional fixed-speed
drives or backup conveying sections that are
activated when the throughput of the technological
line increases significantly. This approach ensures
stable operation of the conveying system and
prevents overloading of the main drive.

When selecting the type of electric drive for
a spiral screw conveyor, it is necessary to consider
the characteristics of the conveyed material,
conveyor length, inclination angle, system capacity,
and operating conditions. For conveyors operating
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under high-intensity conditions, electric drives with
continuously variable speed control are preferable,
as they reduce starting loads and ensure stable
material conveying. When high-speed operating
modes are employed, the motor must have a
sufficient power reserve to compensate for variable
loads and ensure stable operation of the conveying
system [12].

Despite the significant advantages of
variable-speed electric drives, their application in
conveying systems has not yet become sufficiently
widespread. However, recent advances in
semiconductor technology and power electronics
make it possible to develop reliable and
economically efficient automated electric drive
control systems. This is particularly relevant given
the need to reduce energy consumption and
improve the efficiency of conveying and
technological  processes in  agro-industrial
production.

The use of modern electric drive systems in
spiral screw conveyors for bulk materials enables
smooth regulation of conveying capacity, reduction
of dynamic loads on the conveying elements,
improvement of conveying system reliability, and
reduction of the energy intensity of the conveying
process. Therefore, substantiating the electric drive
parameters and selecting rational operating
conditions constitute an important component of the
study of the design and operating parameters of
spiral screw conveyors for bulk materials.

Spiral Screw Conveyors with Variable-
Speed Electric Drives Based on Induction Slip
Couplings. In modern conveying and technological
systems used in agro-industrial production, the
application of variable-speed electric drives is of
considerable importance, as they enable the
operating modes of spiral screw conveyors to be
adapted to changing load conditions. One
promising approach is the use of electric drives
based on induction slip couplings (ISCs), which
provide smooth regulation of the rotational speed of
the conveyor conveying element and ensure stable
conveying of bulk materials. The use of such
systems  contributes to reduced energy
consumption, improved equipment reliability, and
more favorable operating conditions for conveying
mechanisms.

In such systems, the converter is
connected to the electrical grid through a step-down
dry-type transformer, while the electric motor is
connected through a step-up transformer of the
same type. The converter also incorporates a
thyristor power supply unit for the excitation system
of the synchronous electric motor. This
configuration provides smooth regulation of the
drive motor rotational speed and stable operating
conditions of the conveying system.

The automatic control system operates
according to the principle of maintaining specified
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technological process parameters. An air bell
combined with a differential pressure gauge is used
as the control sensor, with an output signal of 0-5
mA. A P-17 PI controller is employed to stabilize the
operating conditions. The use of an automated
variable-speed electric drive makes it possible to
significantly  reduce electricity consumption,
decrease dynamic loads on the drive mechanisms,
and improve the operating conditions of the
conveying system. Analysis of the operation of such
systems indicates that equipping additional units
with similar electric drives can nearly double the
energy savings and improve the overall efficiency
of conveying and technological equipment.

Spiral Screw Conveyors with Variable-
Speed Electric Drives Based on the AVK
Configuration. One of the modern approaches to
automated control systems is the use of electric
drives based on the AVK configuration. Such a
system comprises a wound-rotor induction motor,
an AVK converter incorporating a rectifier and an
inverter, a smoothing choke, a transformer, a
control station, and starting resistors. In addition,
the system is equipped with a level transducer
consisting of an air bell and a differential pressure
gauge, as well as a Pl controller that maintains
stable operating conditions of the conveying
system.

The automatic control system ensures
stabilization of the operating conditions of the spiral
screw conveyor and maintains the required
parameters for bulk material conveying. However,
increasing control accuracy may lead to higher
dynamic loads on drive components, particularly on
flexible couplings connecting the electric motor to
the conveyor conveying element. Such loads
contribute to accelerated wear of the drive
components; therefore, during operation, it may be
necessary to increase the deadband of the
automatic control system and somewhat reduce the
accuracy of operating-condition stabilization.

The principle of regulating the rotational
speed of the drive unit is similar to that of the
systems considered above. The number of
operating units is adjusted by operating personnel
depending on the load of the conveying system and
the required throughput of the technological
process. Practical experience with electric drives
based on the AVK configuration indicates that the
use of such systems can result in annual energy
savings of approximately 4-5% of total energy
consumption, which is an important indicator for
modern agro-industrial enterprises.

Spiral Screw Conveyors with Variable-
Frequency Electric Drives. One of the most
promising directions for improving control systems
for spiral screw conveyors is the application of
variable-frequency electric drives. The use of such
systems makes it possible to smoothly vary the
rotational speed of the conveying element, reduce
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starting loads, and optimize the operating
conditions for bulk material conveying.

The control system of a variable-frequency
electric drive operates on the principle of
automatically regulating the rotational speed of the
drive motor according to the load on the conveying
system. Unlike the systems considered above, an
ultrasonic level sensor is used to monitor the
process parameters, providing high measurement
accuracy and stable operation of the automation
system.

The use of a variable-frequency electric
drive makes it possible to reduce electricity
consumption by approximately 5%, which is an
important factor in improving the energy efficiency
of conveying and technological processes. To
ensure uniform utilization of the drive units, such
systems incorporate a dedicated switching device
that allows individual drive units to be alternately
connected to a single frequency converter.

Such systems widely employ PChR-2
frequency converters, SAMI converters
manufactured by the Finnish company Stromberg,
as well as domestic PChT and EKT frequency
converters. Their use provides smooth speed
regulation, stable bulk material conveying, and
reduced operating costs of the conveying system.

Requirements for the Automated Electric
Drive of a Spiral Screw Conveyor. Spiral screw
conveyors belong to the category of mechanisms
designed for continuous-duty operation,
characterized by a large number of operating hours
per year and a relatively small number of starts. The
load on the drive motor shaft is generally steady
and does not involve significant overloads.
However, variations in load may occur during bulk
material conveying due to changes in conveyor
capacity or in the physical and mechanical
properties of the conveyed material.

Conveying systems are characterized by a
fan-type dependence of the resistance torque on
rotational speed, in which the static resistance
torque is proportional to the square of the rotational
speed. Therefore, the electric drive must provide
smooth rotational speed control and stable
operating conditions of the conveyor.

The electric drive of a spiral screw conveyor
must provide a speed control range of at least 3:1,
have an overload capacity of not less than 1.5,
provide smooth starting and acceleration of the
conveying system, and allow coast-down braking.
In addition, the drive must operate reliably under
conditions of elevated humidity and temperature,
comply with the UHL4 climatic version, and have a
degree of protection of at least 1P44.

Requirements for the Automation System
of a Spiral Screw Conveyor. Automation of
conveying and technological processes makes it
possible to improve the accuracy of controlling the
operating conditions of a spiral screw conveyor,
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ensure stable conveying of bulk materials, and
reduce the influence of human factors on
equipment operation. Modern automation systems
are based on microprocessor-based devices and
programmable logic controllers (PLCs), which
make it possible to replace rigid relay-based control
circuits with flexible software-based control
algorithms.

The automated control system must
provide smooth starting and acceleration of the
drive motor, maintain the required conveying
capacity, and stabilize the operating conditions of
bulk material conveying by regulating the rotational
speed of the screw. Important functions of the
automation system include automatic activation of
a standby drive in the event of an overload or
emergency condition, automatic restart after
restoration of the power supply, and protection of
the electric motor against thermal overloads.

In addition, the automation system must
ensure uniform utilization of the drive units,
monitoring of minimum, maximum, and emergency
operating conditions of the conveying system, and
stable operation of the spiral screw conveyor under
variable load conditions. The use of modern
automated control systems makes it possible to
increase the productivity of conveying equipment,
reduce energy consumption, and ensure the
reliability of conveying and technological processes
in modern agro-industrial production.

Modern agricultural production in Ukraine is
characterized by significant volumes of grain,
compound feed, seeds, mineral fertilizers, and
other bulk materials that require conveying. The
efficiency of conveying and technological
processes has a substantial influence on
production capacity, level of mechanization, energy
consumption, and the cost of finished products.
Therefore, the selection of appropriate conveying
equipment is one of the important factors in
ensuring the efficient operation of agricultural
enterprises.

An analysis of existing conveying systems
indicates that spiral screw conveyors are among the
most widely used types of equipment in farms,
grain-processing enterprises, grain elevators, and
feed-production facilities. This is attributable to their
simple design, high reliability, compactness, ability
to convey materials in horizontal, inclined, and
vertical directions, low operating costs, and
suitability for handling a wide range of bulk
materials. In addition, conveyors of this type can be
readily integrated into existing technological lines
and are characterized by relatively low
manufacturing and maintenance costs.

Unlike belt, chain, and bucket conveyors,
spiral screw conveyors transport material within an
enclosed conveying space, thereby minimizing
product losses, dust generation in production
facilities, and adverse environmental effects. This is
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particularly important when conveying grains,
compound feeds, oilseed crops, and other bulk
materials subject to sanitary and hygienic
requirements.

The results of the analysis of modern
designs indicate that shaftless spiral screw
conveyors are among the most promising solutions
for the agro-industrial sector of Ukraine. They are

ma mexHorsoegissx
2026

characterized by lower mass, reduced energy
consumption, the absence of material accumulation
around a central shaft, increased conveying
capacity, and the ability to handle materials with
high moisture content or a tendency to compact and
form agglomerates. These characteristics make
them suitable for use both on small farms and at
large-scale grain-processing enterprises.

Table 1
Comparative Characteristics of Conveying Systems
Conveyor Conveying Energy Enclosure Maintenance Suitability
type capacity consumption for farms
Belt High Medium Low Moderate +
conveyor
Bucket High High Medium Difficult *
conveyor
Chain Medium High Medium Difficult t
conveyor
Spiral screw | High Low High Simple +++
conveyor
Table 2
Advantages of Spiral Screw Conveyors
Indicator Value
Compactness High
Reliability High
Material intensity Low
Enclosure High
Automation Simple
Energy efficiency High
Versatility High
as well as
The classical relationships can be used
mD’ R ARAL @
Q=6O-T-S-n-<p-p (D) 3677

where D - spiral diameter; S - spiral pitch; n -
rotational frequency; ¢ - filling coefficient; p - bulk
density of the material.

Where N - drive power; L - conveyor length; k -
conveying resistance coefficient; n - drive
efficiency.

Dependence of productivity on spiral diameter

Calculated data for constant operating parameters.
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Fig. 11. Dependence of the Capacity of a Spiral Screw Conveyor on Spiral Diameter
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Among the conveying systems considered, the
spiral screw conveyor is characterized by the lowest
specific energy consumption, which is one of the
main reasons for its widespread use in the
Ukrainian agro-industrial sector.

Comparative efficiency of conveying systems

Generalized expert assessment for agricultural production conditions.

100

0

Belt conveyor Chain conveyor Bucket conveyor

@
3

N

Spiral screw conveyor

Fig. 14. Efficiency of Using Different
Conveyor Types in Agricultural Production

The comparative data presented indicate
that spiral screw conveyors are the most suitable for
the conditions of agricultural production in Ukraine.
They combine a simple design, compactness,
enclosed conveying, low material intensity, reduced
specific energy consumption, and the ability to
efficiently handle a wide range of bulk materials.
Therefore, they should be considered as a basic
type of conveying equipment for farms, grain
elevators, grain storage facilities, and feed-
production enterprises.

For publication in a specialized scientific
journal, the graphs should be presented either as
the authors’ own calculations or as a synthesis of
data from literature sources, with the appropriate
reference provided in the figure caption.

Table 3

Dependence of Conveying Capacity on

Spiral Diameter

Spiral Diameter Conveying Capacity
80 4,5
100 7,2
120 10,4
140 14,1
160 18,8
180 24,3

Table 4
Dependence of Conveying Capacity on
Rotational Speed

Rotational Conveying Capacity
Speed
200 5
300 7,8
400 10,6
500 13,3
600 15,9
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Table 5
Specific Energy Consumption of
Conveying Systems

Conveyor type Energy
consump
tion
Belt conveyor 1,8
Chain conveyor 2,4
Bucket conveyor 2,1
Spiral screw conveyor 1,3
Table 6
Comparative Efficiency of Conveying
Systems
Conveyor type Efficienc
y score
Belt conveyor 72
Chain conveyor 68
Bucket conveyor 75
Spiral screw conveyor 94

The comparative data presented indicate
that spiral screw conveyors are the most suitable for
the conditions of agricultural production in Ukraine.
They combine a simple design, compactness,
enclosed conveying, low material intensity, reduced
specific energy consumption, and the ability to
efficiently handle a wide range of bulk materials.
Therefore, they should be considered as a basic
type of conveying equipment for farms, grain
elevators, grain storage facilities, and feed-
production enterprises.

Conclusions. The analysis of modern
designs of spiral screw conveyors has shown that
this type of conveying system is one of the most
effective means of mechanizing bulk material
handling processes in agricultural production. Their
simple design, high reliability, enclosed conveying
process, compactness, and ability to operate in
horizontal, inclined, and vertical positions ensure
their widespread use in grain elevators, grain-
cleaning complexes, feed-production enterprises,
livestock facilities, and farms.

The comparative analysis has
demonstrated that spiral screw conveyors have
advantages over belt, bucket, and chain conveyors
in terms of energy efficiency, ease of maintenance,
conveying enclosure, and versatility of application.
Shaftless spiral screw conveyors are the most
promising for modern agro-industrial production
conditions due to their increased conveying
capacity, lower energy consumption, absence of
material accumulation on a central shaft, and ability
to convey materials with increased moisture content
and a tendency to compact and form agglomerates.

It has been established that conveyor
performance is determined by a combination of
design and operating parameters, among which the
spiral diameter and pitch, rotational speed,
conveyor inclination angle, filling coefficient of the
conveying space, and physical and mechanical
properties of the conveyed material have the
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greatest influence. Analysis of modern electric drive
systems has confirmed the feasibility of using
variable-frequency drives, which provide smooth
capacity control, reduced starting currents, lower
dynamic loads, and increased energy efficiency of
conveying systems.

The generalization of the research results
has substantiated the feasibility of widespread
implementation of spiral screw conveyors in
conveying and technological processes of the agro-
industrial sector of Ukraine. Further research
should focus on mathematical modeling of bulk
material conveying processes, optimization of the
design and operating parameters of shaftless spiral
screw conveyors, and development of intelligent
automatic control systems for electric drives, which
will enable further improvements in the productivity,
reliability, and energy efficiency of conveying
systems.
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AHAINI3 KOHCTPYKTUBHUX OCOBJIMBOCTEM
TA TEHOEHUIN PO3BUTKY CNIPAJIbHUX
LUHEKOBUX KOHBEEPIB AnA CUNy4nx

MATEPIANIB
Y OQanili pobomi HasedeHO pe3syrbmamu
KOMI1IIEKCHO20 aHarnizy KOHCMPYKMUBHUX
ocobriugocmel, MEXHIYHUX XapakmepucmukK ma
cydacHuUx  MmeHOeHUuili  po3BUMKY  2B8UHMOBUX
crijparnbHUX KOHeeepie curydux Mmamepiaris, siKi
WIUPOKO 8UKOPLCMO8YIOMbCS 8

cinbcbkoz2ocrnodapcbkoMy 8upobHuumei. NposedeHo
aHarnia cy4aCHUX KOHCMPYKUilI KOHBEEPHUX CUCMEM
ma  ocobriugocmeli  ix  3acmocyeaHHs  Orisl
mpaHcriopmyeaHHs 36epHa, KOMOIKopMig, HacCiHHS,
MiHeparsHUx 0obpus, Kopmosux cymiwiell ma iHuWUX
curlyqux Mamepianie. BcmaHoerneHo, wo criparnbHi
WHEKO8I KOHeeepu XapakmepusyrmbCsi
KOHCMPYKIMUGHOK  MPOCMOIMOK,  KOMIMaKMHICMIO,
8UCOKOK  HadiliHicmio, 2epMemuYHUM  POUEeCcoM
mpaxcropmyeaHHs, MOXIIUBICMItO
mpaHcropmyeaHHsI Mamepiarig y
20pU30HMarbHOMYy, MOXUIOMY ma 6epmuKaribHOMY
HarpsiMKax, @ MmakoX  GIOHOCHO  HU3bKUMU
eKcriyamauitiHuMu sumpamamul.
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lposedeHo ropigHsIIbHUL aHani3
mpaduuitiHux WHEKOBUX KoHeeepis, be3sariosux
cripanibHUX — WHEKOBUX  KOHEEepis,  CMpPIYKOsUX
KOHBeepie, KOBWIOBUX erlesarmopie ma naHuto208uUx
KOHeeepig 3a rpoOyKmMuegHiIcmio,
eHepaoegheKkmusHicmio, KOHCMPYKMUBHOH

CKmalHiCmio, 2epMEeMUYHICMI0  MpaHCriopmyeaHHs1
ma npulamHicmio 00 eKcrilyamauii 8 yMosax
CinbcbKo20ocrnodapcbKoi  rpomuciogocmi  YkpaiHu.
Y3a2arbHeHO CyqacHi KOHCMPYKMUGHI pilueHHs1 Orisi
MOOBInbHUX ma cmauioHapHUX KOHBEEPHUX cucmem, a
makoX rpoaHarnizogaHo ocobrueocmi 3acmocy8aHHs
WHEKOBUX KOHBEEPI8 Yy 36PHOOHUCHUX KOMIT/IeKcaXx,
enegamopax, cucmemax KOPMOIMTi020mOoeKuU,
meapuHHUUMeI ma niHisix nicrsi3buparibHOi 06pobKU.
Ocobrnusy  ysazy  npudineHo  aHarnisy
Cy4YacHux cucmem enekmponpusody ma
asmomMamu308aHUX CUCMeM KEPYB8aHHS crijpanibHUMU
WHEKOBUMU KOHBeegpaMu. Po3ansHymo npuHuyunu
pobomu peayrnbo8aHUX efiekmpornpueodie Ha OCHOSI
IHOYKUIGHUX KOB3HUX Mychm, asmomamu308aHUX
cucmem peayrnrogaHHs weudkocmi (ACPLL) ma
enekmpornpueodie 3i 3MIHHOIK 4acmomor, a MaKoXx
BU3Ha4YeHO iX repesaau 3 MOYKU 30py MOBUULEHHS
eHepaoeheKmMuUBHOCMI,  3HUXEHHS ~ OUHaMIYHUX
HasaHMaxXeHb ma 3abe3nevyeHHsi cmabinbHocmi

Ne 3 (122) Bibpauii e mexHiyi
2026 ma mexHorsogisix
Ha ocHosi y3aeanbHeHHs1 pe3yrbmamig

rornepeoHix oocridxeHb byrno rposedeHo
MOPIBHSAINIbHY  OUIHKY ~MEXHIYHUX — Xapakmepucmuk
KOHBEEPHUX CUCIMEM, 8CMAaHOB/IEHO B3aEMO38'A3KU

MiK KOHBEEPHOIO MPOOYKMUGHICMIO ma
KOHCMPYKMUHUMU ma eKcrilyamauitiHuMu
napamempamu, a MaKoX OUIHeHO  numome

€Hep20CroXuBaHHsI PI3HUX muriieé KoHeeepis. byrio
8U3HaYeHo, WO HalnepcrnekmueHilUM pitueHHsM Onsi
ymo8 CirnbCcbKo20CcrnodapcbKoeo 8upobHuumea
YKpaiHu € 6e3earibHi criparbHi WHEKOB8I KOHB8EEPU,

OCHawieHi  enekmpornpusodamu  3i  3MIHHOM
yacmomoro, siKi  3abesneuyromb  36iMbUIEHHS
KOHBE€EPHOI MpPodyKmMuHoCM, 3HUXKEHHS

©HepPe2OoCIOXKUBaHHS, MOKpaweHy ekcrilyamauitiHy
HaditiHicmb ma adanmueHicmb 00 Pi3HUX GhI3UKO-
MexaHiYHUX eracmueocmell curlyqux mMamepiariie.
OmpumaHi pe3yrnbsmamu MOXymb 6ymu 3acmoco8aHi
rpu npoeKmyesaHHi, MoOepHi3auii ma ekcryamaui
Cy4acHUX KOHBEEPHO-MEXHOIOIMHUX cucmeM Orsi
azporpomMUCIIOBO20 CEKMOPY.

Knrodoesi crioea: cnipansHull  WHeKosul
KOHBEEP, WHEeKOoBUL KOHBEEP, curydi Mamepianu,
KOHBEEPHO-MEXHOO2IHHI npouecuy,
CiflbCbKO20Cn00apcbKke  8UPOBHULIMBO, KOHBEEpHa
rpPoOyKmMuUeHiCMb, er1eKmporpueod, asmomamusaujs,
eHepz2oegheKmUBHICMb, KOHCMPYKMUBHI napamempu,

KOHBEEPHUX ma MeXHOJI02iHHUX rpouecis. KOHeeepHi  cucmemu, b6e3earnbHuli  cripansHUd
KOHBeep.
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