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The processes of material capture and movement in a screw feeder are
characterized by significant loads due to the pressure of a vertical load
column, which creates additional resistance to the movement of the
material, overcoming which leads to unproductive energy consumption. The
paper aims to study the influence of the design parameters of the loading
mechanism on the torque on the drive shaft of a screw feeder. The results
of experimental studies and computer simulation of the design parameters
of the loading mechanism relation (the length of the loading zone, the
inclination angle of the rotating wall of the loading nozzle, its displacement
value relative to the vertical axis of the auger operating part, and the height
of the material in the loading nozzle), to the torque value on the drive shaft
of the screw feeder for transportation of bulk cargo, are presented in this
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1 Introduction

Screw transport and technological mechanisms
are widely used in various industrial sectors. This is
evidenced by a noticeable upward trend in their use
in the construction, food, processing, metallurgy, and
agricultural industries. The specific weight of such
screw mechanisms in loading and unloading operations
and transportation of bulk cargo reaches 40-45%. Screw
feeders are the most commonly used units for transport
and technological operations and uniform feeding of
various receiving devices. They provide efficient loading,
unloading, transportation and technological processing
(dosing, cleaning and pressing) of fine-dispersed building
materials, chemicals, grain and other bulk materials
that are required for the further extension of the
technological cycle.

It is known that the screw feeders differ from
conveyors of the same type by shorter transportation
length, as a result, the hanger bearings are not available,
which improves their design and improves transportation
conditions, as well as increases the filling factor of the

feeder. They are characterized by relatively increased
productivity, engine power, and structural strength,
since they are subjected to significant overloads that
occur due to the action of the cargo pressure under
the hopper opening or the loading nozzle on the auger
operating parts. They are also able to overcome the
higher resistance of material movement in the operating
mode, which is caused by the weight of the material in
the hopper above the outlet. Screw feeders are more
energy-intensive since they change the direction of the
cargo flow movement, coming from the hopper into the
longitudinal movement of transportation. In this way,
there is a change and transformation of the energy
of the material coming in a continuous flow from the
hopper, and the material captured by the flights of
the auger operating part in the process of longitudinal
transportation. At the same time, the screw feeders
can perform the function of conveyors of the same type,
moving the cargo to a short distance from the hopper
opening.

Most types of screw feeders do not require separate
hopper shutters, since when the feeder is stopped, it

© 2023 UNIVERSITY OF ZILINA

COMMUNICATIONS 25 (4) B301-B314


https://orcid.org/0000-0001-8517-3223
https://orcid.org/0000-0003-4345-9770
https://orcid.org/0000-0002-7325-8016
https://orcid.org/0000-0002-4089-207X

B302

VASYLKIV et al.

keeps the cargo from spontaneously spilling out. At the
same time, the bulk cargo unloading from the hopper
using feeders is characterized by the main function of
their operating device on the cargo, which is especially
important in the case of poorly flowing cargo, the flow
of which through the hopper opening, only due to the
action of its weight, is insufficient. In this regard, there
are three types of such feeders: open, semi-open and
closed.

The object of the presented research is a screw
feeder, containing a semi-open loading hopper with free
movement of the bulk cargo, and equipped with a single-
threaded horizontal screw with a constant pitch of turns.
The operating part can be partially displaced in the
horizontal direction, relative to the outlet opening and
the vertical axis of the hopper, and the material in the
capture zone is fed tangentially to the rotation surface
of the operating part. The movement of the bulk cargo
flow is carried out under the action of the cargo gravity
forces.

2 Analysis of the past research
and publications

Many analytical, research and experimental
studies, along with various patented studies, have
been conducted to analyze the characteristics of screw
feeders. The works [1-3] analyzed the mechanics of
the screw feeder in connection with the characteristics
of the bulk material in the feeder hopper, behavior of
the material and flow control during its loading and
transportation. The papers [4-5] propose a methodology
for calculating the structural and power parameters and
consider factors affecting the performance of the screw
feeders and their optimization based on the results
of experimental studies. Formalized descriptions and
synthesis of schemes for shaping auger spirals of screw
feeders were presented by the authors in [6-7].

Important, from the point of view of further
improvement of the screw feeder designs, are the issues
of predicting the torque and loading characteristics of
bulk cargo transportation processes presented in [8-9],
as well as the study of the conditions for formation
of a “dead zone” during the loading of a screw feeder,
considered by the authors in [10-11].

A significant number of publications are devoted
to the study of the design principles of screw feeders:
a non-proper design and selection of this device, which is
present in large part of industrial processes, could mean
poor performances, excessive power, severe wear of plant
and degradation of the feeding material [12-13]. The
design of a screw feeder is a highly complex procedure:
for a correct and successful installation, it is essential
to have a proper understanding of influences of all the
parameters of the transport process [14-15].

The construction and exploitation parameters of
screw feeders must meet the defined requirements

concerning their efficiency, the filling rate of the trough,
or providing the necessary power to the drive [16-17].
The behavior of bulk materials during transportation
by a screw conveyor is very complicated. It depends on
many factors, such as the type and shape of the screw
flights, the rotational speed of the shaft, the way of
proportioning the material, or the physical properties of
the material. The study of these factors in the processes
of loading and transportation of bulk cargo, their mutual
influence and modeling were presented by the authors in
[18-19]. The use of the Discrete Element Method (DEM)
for simulation and validation of the screw feeders allows
for optimizing their design, taking into account the
conditions of use [20-23].

Theoretical methods for designing the screw
conveyors do not consider all the factors mentioned
above, or oversimplify them. In the case of typical
bulk materials of uniform granulation and standard
constructions of the screws (constant pitch, constant
internal and external diameters) and fed by one source,
e.g., a hopper, theoretical methods allow reasonable
estimation of the exploitation parameters of the screw
feeders [24-25].

In the case of materials of specific properties
(cohesive or strongly aerated materials) or for unusual
shapes of screws or multiple feeding points, these
methods do not provide reliable results of efficiency and
power [26-27]. For this reason, the external diameters
of the screws and power demands are very often chosen
to be safely larger. Such an approach is unfavorable
because of the excessive use of materials, ineffective use
of the drive unit, and high exploitation costs. On the
other hand, the difficulties in making decisions on the
design of screw feeders are often caused by insufficient
exploitation data on the peculiarities of the process of
transporting the bulk materials.

In the conditions of energy resource shortage in the
world, the important directions of creation and design
of the screw feeders are implementation of technical
solutions characterized by the low energy consumption
and high productivity. This is achieved by improving
their layout schemes, auger operating parts and cargo-
loading devices based on experimental studies and
computer simulation [25, 28]. It is known that the
geometric parameters of the loading mechanism and
the features of its location relative to the vertical plane
passing through the longitudinal axis of the operating
part have an impact on the energy consumption of the
bulk cargo transportation process [27].

That is why the issue of developing and researching
the semi-open screw feeders with shifted loading nozzle,
relative to its vertical axis 6, i.e., from the vertical
plane passing through the longitudinal axis of the
auger (Figure 1), is of scientific and practical interest.
The main advantage of such a feeder design is that the
material is fed into the capture zone not vertically, but
along the inclined wall, the plane of which is tangential
to the surface of rotation of the auger operating part.
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Figure 1 Cross-sectional diagram of the screw feeder in the loading mechanism location area:
1 - auger operating part; 2 - housing casing; 3 - a rotating wall of the loading nozzle;
4 - loading nozzle; 5 - bulk cargo; 6 - the vertical axis of the auger operating part

In this design, the torque value on the drive shaft,
and therefore energy consumption, is affected by the
inclination angle of the rotary wall of the loading nozzle
B, the length of the loading zone L, the displacement
value of the loading nozzle relative to the vertical
plane a, passing through the longitudinal axis of the
transporting auger, and the height of bulk cargo in the
loading nozzle A.

Despite the considerable number of papers devoted
to improving the designs of screw feeders, the problem
of the above-mentioned design parameters of the screw
feeder loading mechanism influence on the energy
consumption of the bulk cargo transportation process
has not been sufficiently investigated.

As it is known, the drive power of the screw feeders
is consumed to overcome the following resistance forces:
frictional forces of the load against the bunker walls;
force along the screw, equivalent to the frictional torque
of the screw against the cargo; force equivalent to the
frictional torque in the bearing unit; the force equivalent
to the internal friction in the material caused by the
movement and grinding of the bulk cargo in the feeder
bunker, which can only be determined by experimental
means and by computer simulation.

3 Methods of mechanical and physical research

To carry out experimental investigations, a screw
feeder is designed and manufactured to investigate the
process of transporting bulk cargo and the influence of
the design parameters of the loading mechanism on the
torque value on its drive shaft.

Its creation is based on the design and principle
of operation of the screw feeder with shifted loading
nozzle, relative to the vertical axis of the auger, from the
vertical plane passing through the longitudinal axis of
the auger operating part (Figure 1).

The scheme of the screw feeder is shown in Figure 2.

It consists of a frame 1, on which the drive (asynchronous
three-phase electric motor), transporting and loading
mechanisms are mounted.

The torque from the engine to the drive shaft 2
of the screw feeder is transmitted using the V-belt
transmission to replaceable pulley 3.

The drive shaft is mounted in bearing supports
4, consisting of two angular-contract bearings and
housings, which are fixed immovably to the frame using
holders 5. At one end of the drive shaft 2, replaceable
pulleys are installed, and at the other end, replaceable
auger operating parts of the transportation mechanism
are attached. This mechanism contains housing 6, made
in the form of a pipe (casing) with the notch, which is
used to feed the bulk cargo into the capture zone. The
replaceable auger in the form of the hollow shaft 7
and the helical spiral 8 are placed in the housing. The
housing is rigidly mounted on frame 1 by means of legs
9. The replaceable screw feeder auger is a cantilever
fixed to the drive shaft 2. The hollow shaft 7 is installed
by its inner diameter with the sliding fit on the free end
of the drive shaft and is fixed by pin 10.

The loading mechanism is located above the loading
opening of the transportation mechanism, which is
mounted with the possibility of cross-movement relative
to the vertical axis 11 of the auger. The loading
mechanism consists of loading nozzle 12, unloading
hopper 13 located above the nozzle, rotary wall 14,
and mechanical measuring device 15 for measuring
the inclination angle of the rotary wall B and the
height of the bulk cargo & in the loading nozzle. The
loading nozzle contains the horizontal slide valve 16 and
insertable vertical plate 17, made along the width of the
loading nozzle. They are installed with the possibility of
changing their position relative to the vertical side wall
of the nozzle. This makes it possible to adjust the length
of loading zone L.

In the loading mechanism, longitudinal wall 18
and one of the cross walls 19 are made of transparent
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Figure 2 Scheme of the screw feeder for conducting experimental investigations

material to control the bulk cargo height in the loading
nozzle.

The screw feeder is equipped with elements of
movement with a certain step along the guides, which
are installed on the legs 9 to fix the loading mechanism.

The rotary wall 14 is used to feed the bulk cargo
coming from the loading nozzle 12 when it is displaced
relative to axis 11 into the capture zone. The rotary wall
is attached to the housing 6 by means of axis 20. The
inclination angle of the wall is set using the mechanism
that provides step-less control. It consists of a nut 21,
which is firmly attached to legs 9, and screw 22, which
is kinematically connected to the nut at one end, and is
in contact with the rotary wall at the other end, and the
axis of screw 22 is placed at an angle approximately 45°
to the horizontal plane.

The screw feeder operates in the following way. The
bulk cargo flows from the unloading hopper 13, through

loading nozzle 12, enters rotary wall 14, sliding along
which it is captured by the flights of helical spiral 8,
and transported in housing casing 6 to the unloading
area. The auger operating part is set in motion by
the drive-through shaft 2. To adjust the displacement
value a of the loading nozzle relative to vertical axis
11 of the transporting auger, loading nozzle 12 and
unloading hopper 13 are moved along special guides to
the predetermined value. The inclination angle 3 of the
rotary wall 14 is adjusted using the screw 22.

The length of loading zone L is adjusted by moving
the horizontal slide valve 16 and inserting vertical
plate 17 relative to the vertical side wall of the nozzle.
The torque value on shaft 2 varies depending on the
displacement value a of the loading nozzle 12, the length
of the loading zone L, and the inclination angle of the
rotary wall 14.

The experimental screw feeder is designed with the
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Figure 3 Scheme of the screw feeder with dimensions of its structural elements

following geometric parameters: height of the loading
nozzle - 500mm, length - 600mm, width - 100mm;
helical spiral pitch 7 = 60mm, the external diameter
of the spiral D = 90mm, the internal diameter of the
spiral d = 60 mm, the thickness of the flights - 3mm, the
internal diameter of the housing - 100mm. The electric
drive ensured the rotation frequency of the auger
operating part n = 380 rpm.

To establish the influence of the design parameters
of the screw feeder’s loading elements on energy
consumption during the transportation of the bulk
cargo, the dependence of torque value on its drive shaft
on the geometric parameters of the loading mechanism
and its displacement value a, relative to the vertical axis
of auger operating part, is investigated.

The transportation process and torque on the drive
shaft are investigated for three different materials:
sand (bulk weight y = 1400 kg/m? external friction
ratio on steel f, = 0.32, internal friction ratio f, = 0.57,
angle of natural slope ¢ = 30°, minimum angle of wall
inclination B, = 35°), wheat grains (y = 650 kg/m?
f,=041,f,=046, ¢ =23°, B, = 26°), and corn grains
(y =750 kg/m?, fl = 0.37,}"2 = 0.52, ¢ =27°, B, =24°).

In investigation of the torque dependence on the
displacement value of the loading nozzle a, relative
to the auger operating part of the screw feeder, the
inclination angle of the rotary wall is constant and equal
B = 45° at the bulk cargo height in the loading nozzle A
= 500mm and the loading zone length L = 300 mm. The
range of variation of displacement value is chosen in the
range from 0 to 120mm, which is approximately a = (0 -
1.3) D with the interval of 20 mm.

The torque dependence on the inclination angle of
the rotary wall B is investigated within the range of
values from 0° to 90° at 2 = 500mm, L = 600mm, a =
1.1 D = 100mm. This displacement value, is chosen in
such a way as the entire bulk cargo column, entering
from the loading nozzle, would act on the inclined
wall. The movement of cargo along the inclined wall

depends on many factors. The main condition for this
movement occurrence is that the inclination angle of the
wall is greater than the friction angle of the bulk cargo
to the wall surface (Figure 1), taking into account its
granulometric composition and rheological properties.

To establish the geometric parameter of the screw
feeder, which characterizes the height of the loading
nozzle, the dependence of the torque value on the height
of the bulk cargo in the loading nozzle is investigated.
Therefore, the influence of the height 4 of such cargo
in the loading nozzle on the torque value is determined
within the range of 2~ = 150-600mm for L = 600 mm, in
the absence of the displacement value of the loading
nozzle relative to the auger operating part of the screw
feeder. The inclination angle of the rotary wall equals
B = 90°, that is, the wall occupies a vertical position
and the loading nozzle is placed directly above the auger
operating part. In this case, parameter  does not affect
the parameters of the cargo transportation process.

The influence of the loading zone length L on the
drive shaft torque is carried out under the conditions
h = 500mm, B = 90° a = Omm, with the change in
the loading zone length within 100-600 mm, using the
vertical plate inserted into the loading pipe. By changing
the location of this plate, relative to the front wall of the
nozzle, the required size of the loading zone is set.

The scheme of the investigated screw feeder, with
the marked main dimensions of its structural elements,
is shown in Figure 3.

The Altivar 71 multisystem drive and the standard
PowerSuite V.2.5.0 software from Schneider Electric
were used to measure the torque and speed control of the
screw feeder drive shaft (Figure 4).

This drive is a frequency converter and was designed
for the control of the three-phase asynchronous and
synchronous motors in constant-torque applications.

The Power Suite V2.5.0 software is designed
to control the Altivar 71 drive and coordinate its
multisystem multichannel frequency converters,
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Figure 4 Electrical circuit for the torque measurement and speed control of the screw feeder drive shaft:
1 - asynchronous electric motor, 2 - frequency transmitter E40S6-10Z4- 6L-5 for motor shaft rotation,
3 - multisystem control drive (frequency converter) Altivar 71, 4 - personal computer,

5 - communication cables

a)

b)

Figure 5 Computer simulation of the grain material transportation process by the discrete elements method and
elementary particles in the form of a polyhedron

Altistart 48 soft starters, Lexium 05 servo drives and
TeSysU intelligent starters, as well as to read data from
the multisystem drive and display them on a computer
monitor in the form of numerical values or their
graphical representation.

The Altivar 71 drive is tethered to the computer
using cable 5 VW3-A8106, which connects the plug on
the front panel of the Altivar 71 to the computer’s COM
port.

Thus, the torque on the drive shaft of the screw feeder
is measured using a frequency converter ALTIVAR 71,
and its data are sent to the PC. The resulting changes
in torque and engine power over time are obtained in
the form of graphical and tabular dependencies in the
display window of the computer. Experimental research
is carried out to define the dependence of the torque
on the magnitude of displacement of the loading pipe
relative to the operating part of the screw feeder, the

angle of the rotary wall, the material height in the
loading pipe and the length of the loading zone.

To identify the peculiarities of the bulk cargo
stagnation zone location, a computer simulation of the
grain material transportation process is carried out
(Figure 5, a).

The discrete element method is used to model
the bulk cargo, a numerical method is designed to
calculate the motion of a large number of particles,
such as molecules, grains of sand, gravel, and other
granular media. The grain of wheat is modeled as the
elementary particle in the shape of a polyhedron (Figure
5, b) with 25 faces. The dimensions of the polyhedron
are as follows: height 7.2mm, width 3.8 mm, thickness
2.6mm (volume 71.2 mm?®). The following physical and
mechanical parameters of the material are set for the
grain model: density 650 kg/m? modulus of elasticity
108 MPa, Poisson’s ratio 0.3.
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Figure 8 Graph of the torque dependence on the
displacement value of the loading nozzle a relative to the
auger operating part of the screw feeder

The model of Hysteretic Linear Spring is used to
simulate the normal interaction forces of bulk cargo
particles. Linear Spring Coulomb Limit model is used
to simulate the tangential forces. Linear Spring Rolling
Limit model is used to simulate the sliding friction. The
Numerical softening factor is 0.1. Thermal modeling
and coarse-grained modeling are not used. During the
computer simulation, the auger rotation frequency was
380 rpm, and the grain feed is 2000 kg/h. The type of
bulk cargo feeding is continuous.

4 Results and discussion of experimental
findings

The results of experimental research of the torque
dependence on the inclination angle of a rotary wall
B, loading zone length L, displacement of the loading
nozzle relative to the operating part of screw feeder a,
and the bulk cargo height A4 in the loading nozzle, for
such materials as sand (1), wheat grain (2), and corn
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Figure 7 Graph of the torque dependence on the length of
loading zone L
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Figure 9 Graph of the torque dependence on the bulk cargo
height h in the loading nozzle

grain (3), are shown in Figures 6 to 9.

The graphs show that the inclination angle of the
rotary wall of the loading nozzle significantly affects
the energy consumption during the cargo transportation
(Figure 6). At small inclination angle values (up to 20°-
30°), the torque does not change intensively. Only when
the wall inclination reaches the natural slope angle
value of the transported bulk cargo, the torque starts to
increase sharply. This is explained by the fact that with
the increase in the angle, the normal component of the
bulk cargo weight, acting on the wall, decreases, and
the normal force, acting on the auger operating part,
increases, resulting in an increased torque.

Thus, the experimental method has confirmed the
statement that the inclined wall takes a significant
part of the cargo weight and thereby reduces the load
on the auger operating part of the screw feeder, which
significantly reduces the torque value.

Computer simulation of this process (Figure 5)
has confirmed the tendency to increase the torque and
the duration of the stabilizing process of its value with
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Figure 10 Graphs of the torque dependence on time at loading zone length L = 100mm for different inclination angles of

the rotary wall based on the results of computer s
- B =45°

the increase in the inclination angle of rotary wall f3.
In the graph (Figure 10), the simulation results are
approximated by the fourth-degree polynomials.

The equations shown in Figure 10 mathematically
describe the general upward trend, i.e., the trend
of changes in the torque on the drive of the screw
feeder operating part. These equations are obtained by
approximating the results of a virtual experiment with
the standard deviation R? i.e., the scattering of the
values of a random variable relative to its mathematical
expectation.

In Figure 10, as well as in Figures 11, 13, and 16
below, the zero second is taken as the starting point. The
“Zero second” is the moment when the screw drive of the
operating part is switched on. In the time period, from
0 to 0.5 seconds, the rotary wall takes up the working
position (the required angle B is set). The bulk material
starts to flow into the loading nozzle 0.5 seconds after
the auger drive has been started.

The torque values for different inclination angles of
the rotary wall f3, obtained by the computer simulation
are, 25 % lower than the values obtained experimentally.
This is explained by the fact that computer simulation
does not take into account the power losses due to the
rotation of the screw feeder drive elements.

An important factor, affecting the energy
consumption value when transporting the cargo in the
screw feeder, is the length of the loading zone L (the
open part of the auger operating part under the loading
nozzle in the direction of transportation) (Figure 7).
The graph shows that the increase in the loading zone

imulation of the bulk cargo transportation process
- B =675% - B =90°

length results in a significant increase in torque. This
is explained by the fact that an increase in the loading
zone length contributes to the formation of a larger,
so-called “dead zone”, which, due to its weight and the
friction force, creates resistance to the movement of bulk
cargo in the loading zone of the screw feeder.

This also confirms that the dimensions of the
loading nozzle should be minimal and determined on
the condition that it provides the required throughput,
taking into account the rheological properties of the
transported cargo and, especially, dome formation.

Computer simulation of this process (Figure 10, 11)
has confirmed the tendency to increase torque with the
increasing length of the loading zone.

Analysis of the results of computer simulation shows
that in the process of transporting the bulk cargo in the
loading zone, due to the point contact of elementary
particles in the form of a polyhedron, the change in
the direction of their movement is observed, that is,
the change in the cargo kinetic energy, which also
requires additional energy consumption. In addition,
such cargo accumulated in the hopper opening above
the transporting operating part (Figure 5, a) not in the
loading zone, thereby creating additional resistance to
the movement of bulk cargo in the operating mode due to
the additional pressure of the vertical cargo column. As
a result, the so-called “dead zone” is formed (Figure 12).
Overcoming these resistance forces causes unproductive
energy consumption during the technological operations.

The results of the transportation process simulation
prove that the increase in the loading zone length,
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Figure 11 Graph of the torque dependence on time for L = 300mm and [ = 90° based on the results of computer
simulation of the bulk cargo transportation process

Absolute Translationai Velocity
m/s)

-a.ll

Figure 12 Location of the stagnation zone (“dead” zone) of the bulk cargo (blue) according to the results
of computer simulation of its transportation process at L = 300mm, 3 =90°

without shifting the loading nozzle relative to the auger
operating part of the screw feeder, results in formation
of a significant bulk cargo stagnation zone (blue color in
Figure 12). Figure 8 shows the torque dependence on the
drive shaft M of the experimental screw feeder on the
displacement value of the loading nozzle relative to the
auger operating part. The graphs show that the increase
in the displacement value causes the decrease in torque,
and, consequently, in energy consumption for the process
of capturing and transporting the bulk cargo.

The analysis of the results of experimental

investigations of torque dependence on the displacement
of the loading nozzle, relative to the operating part
of the screw feeder shows that within the range of
displacement values a = (0 - 0.2) D there is a slight
change in the torque value. Then, there is a sharp
decrease in torque values with increasing displacement
until its value reaches a = 0.9D. Subsequently, the
change in torque becomes slower again and at values of
a > 1.2 D practically does not change. In the future, the
moment change becomes slower again and practically
does not change at values of a > 1.2 D. The relative
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Figure 13 Graph of the torque dependence on time for L = 300mm, a = 100mm; B = 90° based on the results
of computer simulation of the bulk cargo transportation process

difference of the torque values between the displacement
limit value is 14 - 22 % for different bulk cargoes.

Thus, it is confirmed that the vertical bulk cargo
column, above the auger operating part in the loading
zone, significantly affects the energy consumption,
increasing its value, which causes unproductive energy
losses for the performance of technological operations to
capture and move such cargo in screw feeders.

Computer simulation ofthe bulk cargo transportation
process (Figure 13) shows the duration of the process of
torque stabilization due to filling with bulk cargo a part
of the unloading hopper 13 (Figure 2), placed above the
auger operating part and separated from loading nozzle
filled with the bulk cargo, using an inserted vertical
plate 17, made along the width of loading nozzle. At
the same time, in this zone, intensive formation of the
so-called “dead zones” is observed near the right wall-
hand of the loading nozzle and in the upper part of the
bulk cargo column (Figure 14).

Such bulk cargo accumulation over the part of auger
operating part in the loading nozzle of the unloading
hopper results in additional energy costs caused by the
presence of additional resistance to the movement of
such material in the operating mode due to the pressure
of vertical bulk cargo column in this zone and the costs
of overcoming the frictional forces between the cargo
layers.

Figure 9 shows the graph of the torque dependence
on the bulk cargo height in the loading nozzle. From the
graph, one can see that the increase in the cargo height
in the loading nozzle results in an increase in torque,
which is caused by the increase in the cargo value,
and as a result, an increase in its weight acting on the
operating part of the screw feeder. However, a significant
increase in the torque occurs up to a certain value,
despite the further increase in the bulk cargo height in
the loading nozzle. This is explained by the fact that at
a lower height, the conditional plane of failure intersects

with the free surface of the cargo in the loading
nozzle. When the bulk cargo height increases and the
level of the free plane of the cargo rises, the plane of
failure intersects with the opposite vertical wall of the
loading nozzle, which leads to the fact that a significant
proportion of the bulk cargo weight is  transferred
to the sides of its side walls its side walls due to the
friction forces between the bulk cargo and the walls of
the loading nozzle.

This is also confirmed by results of the computer
simulation of the transporting process of the fixed volume
of bulk cargo (Figures 15 and 16). From Figure 15, one
see that at the final stage of transportation, there is
a cargo accumulation (in the direction of transportation)
close to the right-hand wall of the loading nozzle and
its movement in the direction opposite to the direction
of transportation, creating conditions for a temporary
increase in torque (Figure 16) due to the mixing of the
material and appearance of additional resistance to its
movement in the operating mode, using the vertical bulk
cargo column pressure.

Displacement of the loading nozzle, relative to the
auger operating part of the screw feeder with the same
length of the loading zone, avoids the appearance of
a bulk cargo stagnation zone (Figure 12) and reduces
the torque value by approximately 5.5% (according to
experimental data, this torque reduction is about 19 %).

Thus, it can be concluded that it is not reasonable to
place the operating part of the screw feeders directly in
the hoppers (except when it is technologically necessary),
where they will be subjected to heavy loads from the
weight of the material stored in these hoppers, and place
them under the loading nozzle located between the hole
in the bottom of the hopper and the operating part of the
screw feeder. In this case, the dimensions of the loading
nozzle are much smaller than the dimensions of the
hopper, and this will contribute to reducing the impact
of the bulk cargo weight on the auger operating part.
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Figure 14 Location of the stagnation zone (“dead” zone) of the bulk cargo (blue) according to the results of computer
simulation of its transportation process at L = 300mm, B = 45° and a = 100mm
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Figure 15 Computer simulation of the limited volume of the bulk cargo transportation
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Figure 16 Graph of the torque dependence on time for L = 300mm, [3 = 90° based on the results of computer simulation
of the limited volume of the bulk cargo transportation

5 Conclusions

Vertical bulk cargo flow, displaced relative to the
auger operating part of the screw feeder, improves
its working conditions by significantly reducing the
pressure of the vertical column of such cargo located in
the hopper on the operating part, minimizes the internal
friction force between the bulk cargo flow coming from
the loading hopper and that involved in the process of
longitudinal transportation, which reduces the energy
costs for the process of bulk cargo capturing by the
flights of the helical spiral. Feeding the bulk cargo to the
working zone along a plane tangential to the cylindrical
surface of the spiral rotation and inclined at an angle
to the horizontal plane improves the uniformity of the
capture of such cargo by the flights of the spiral and the
smooth operation of the screw feeder, since the cargo,
moving along the inclined plane, creates the same
pressure on the auger operating part, which stabilizes
the filling factor of the inter-flight volume of the screw
tape.

Increasing the length of the loading zone, without
shifting the loading nozzle relative to the auger
operating part of the screw feeder, results in formation of
a significant stagnation zone of the bulk cargo. To avoid
the appearance of such a stagnation zone and reduce the
torque value, it is reasonable to shift the loading nozzle
relative to the operating part of the screw feeder with
the same length as the loading zone.

Experimental investigations have shown that the
displacement of the auger operating part of the screw

feeder relative to its vertical axis reduces the energy
costs of transportation for various bulk cargoes by 14 -
22 %, as well as establishes the optimal inclination angle
of the rotary wall for various cargo, which is in the range
of 60-75° and provides the most favorable conditions for
their supply to the capture zone.

The obtained results can be used for creation and
effective application of the screw feeders, which are
characterized by a variable length of the loading zone
in the hopper, with the most favorable conditions for the
supply of various bulk cargo to the capture zone by the
screw at minimum energy costs for their transportation.

The next stage of research, in order to eliminate the
phenomenon of formation of the so-called “dead zone” of
the bulk cargo in the feeding nozzle of the screw feeder,
is the development and study of screw operating parts
with a variable inter-turn volume, where the increase
in the inter-turn volume on each subsequent turn,
corresponding to the pitch of the single-turn helical
spiral of the screw operating part, should be constant.
Only in that case, the bulk cargo will be captured by
the turns of the helical spiral evenly along the entire
length of the screw feeder’s loading nozzle. Besides that,
the developed design of the screw feeder can be used for
further research of the stabilization methods of cargo
volumetric mass, i.e., the weight consumption during
the transportation of multicomponent materials by
screw feeders by studying and determining conditions
of capture in the hopper by separate turns of certain
materials.
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