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Abstract. The article presents the developed experimental installation of a pneumatic screw conveyor and a research methodology for
determining the power indicators that arise when moving bulk materials from the effects of air pressure and the volume of various types of
bulk materials. Graphic dependences of the moving cargo effort on air pressure and the action of moving different bulk materials on their
volume at constant air pressure are built. The dependences of the productivity of the pneumatic screw conveyor on the change in the area
of the hopper opening, the rotational speed of the screw feeder and the value of the working air pressure in the technological line are

established.
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1. Introduction

To transport bulk materials of agro-industrial production with
minimal damage, combinations of mechanical supply of material by
a screw feeder with recharge by a jet of compressed air are often
used. In agricultural production enterprises for bulk materials
transportation, high-pressure pneumatic conveying equipment of the
injection type is widely used. However, in many cases, it turned out
to be ineffective since it is expensive to maintain, structurally
complex, and requires cyclones to capture material particles from
the dust cloud of the flow.

Screw conveyors have found wide use in the layout of machines
for reloading or moving bulk materials due to their simplicity of
design, maintenance and the ability to load and unload material
anywhere in the process line. Based on the analysis of literary and
patent sources for the designs of working bodies and methods for
transporting bulk materials in closed casings along straight and
curved routes [1-4], it was found that they satisfy some of the
requirements for the quality of the technological process.

However, at the same time, issues related to increasing the
productivity of conveyors, reducing energy costs for the
implementation of the technological process, the reliability of
working bodies, minimizing damage to transported bulk materials,
etc., have not been fully resolved [5, 6]. Thus, among the urgent
tasks of agricultural production, it is important to develop and
justify the rational parameters of pneumatic screw conveyors that
ensure the efficient movement of grain materials.

The work aims to increase the efficiency of screw conveyors,
which ensure the movement of bulk materials along technological
routes of various spatial configurations using mechanical material
supply through a screw feeder and an additional increase in the flow
of bulk material with compressed air.

2. Materials and Methods

To conduct experimental studies, an installation of a pneumatic
screw conveyor was developed with replenishment of the
transport flow with an air jet (Fig.1).

Pneumatic auger conveyor works as follows. Bulk material
through hopper 4 enters the body of conveyor 5 on auger 6, which
rotates and moves this material to the unloading area. When an
overload occurs due to accumulating a certain dose of bulk
material in the working chamber of the conveyor body 5, screw 6
is displaced opposite to the direction of bulk material
transportation and compresses the spring.
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Figure 1. Diagram (a) and general view (b) of the pneumatic
screw conveyor experimental installation:
1 - computer; 2 - "Altivar-71"; 3 - pneumatic distributor;
4 - bunker; 5 — conveyor body; 6 - auger; 7 - flexible transport
sleeve; 8 — compressor

In this case, the pressure disk interacts with the pneumatic
distributor 3, which admits high-pressure air from the pneumatic
system. Air enters the central hole of the splined shaft. This leads
to the "liquefaction” of the bulk material mass and its further
transportation. At the same time, a pneumatic valve is
automatically turned on, which closes the exit zone from the
bunker and makes the working chamber of the conveyor body
airtight.

When the material is moved, the axial pressure on screw 6
decreases, and under the action of the compression spring, it is
withdrawn in the direction of the bulk material transportation.
This leads to the movement of the pressure plate, which turns off
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the pneumatic valve 3 and blocks the air from the pneumatic
system.

Fig. 1b shows a general view of the pilot plant of the pneumatic
screw conveyor. One of its main nodes is the mechanism for
switching on the pneumatic distributor (Fig. 2). This mechanism
aims to replace the mechanical action on the transport material
with a pneumatic one, provided that certain critical (limiting)
conditions are met. This condition is the mass of transported bulk
material. When a critical mass is accumulated in the feeder
housing, the pneumatic distributor is switched on (not shown in
the figure).

Figure 2. The mechanism of the pneumatic distributor starting:
1 - splined shaft with semicircular splined grooves;
2 - contact washer; 3 - retaining ring;
4 - slotted sleeve; 5- spring; 6 - bushing;
7 - lock nuts

The return movement of the sleeve is provided through a
compression spring. The latter is the regulator of the limit force of
the mechanism actuation. The sensitivity of the mechanism is
ensured by using a ball spline connection. This type of connection
transmits a slightly lower torque with less axial movement of the
connecting elements. At the same time, it works smoothly,
without jamming and bruising, and ensures the absence of
distortions.

Fig. 3 shows the connection of the mechanism for switching on
the pneumatic distributor with the switch of the three-line type P-
RKI.4. To determine the power parameters of the bulk materials
transportation process, an Altivar-71 frequency converter with
Power Suite v.2.5.0 software was used.
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Figure 3. Connection of the mechanism for switching on the
pneumatic distributor with a three-line type switch P-RKZ.4
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The Altivar 71 system is connected to the network and the
computer. When the desired speed is set using a computer through
the Altivar 71 system, the screw feeder shaft rotates with the set
parameters. Changing the latter makes it possible to establish their
influence on the torque T and engine power N depending on the
rotational speed of the working body n when it is overloaded. In
experimental studies, such bulk materials as wheat, bran and
sawdust were used.

3. Results and discussions
Based on the results of experimental studies, graphical
dependencies were built: i) the effort of moving the load on air
pressure (Fig. 4); ii) the force of movement of bulk materials from
their volume at constant air pressure P = 0.6 N-mm 2 (Fig. 5).
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Figure 4. Dependences on bulk material
transportation force on air pressure:
1 - wheat; 2 - sawdust; 3 - bran

From the analysis of the graphs, it follows that the force of
transporting bulk materials decreases with an increase in air
pressure P in the pneumatic system (Fig. 4) and increases with an
increase in volume V of bulk materials per linear meter (Fig. 5).
The bulk density of the bulk material also has a significant effect
on the magnitude of the force F.
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Figure 5. Dependences of the force of moving the material per
linear meter Fy on volume V of bulk material:
1 - wheat; 2 - sawdust; 3 - bran
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According to the results of experimental studies, the following
dependences were obtained: i) the performance of the pneumatic
screw conveyor on the change in the area of the hopper outlet
opening 12 < S, < 36 cm?; ii) feeder speeds 150 < n < 450 rpm;
iii) the value of the working air pressure 0.2 < P < 0.3 N-mm 2 in
the technological line. These dependencies are presented as a
functional Q = f (S, P) at n = 300 rpm (Fig. 6) and a functional Q
=f(n, P) at S, = 24 cm? (Fig. 7).
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Figure 6. Pneumatic conveyor performance response surface
as a functional Q = f (Sc, P) at n = 300 rpm
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Figure 7. Pneumatic conveyor performance response surface
as a functional Q = f (n, P) at S, = 24 cm?

The analysis of the response surfaces and their two-dimensional
sections shows that the performance Q of the pneumatic screw
conveyor increases with the increase in the acting factors and is
approximately in the range of 2...11 kg's™ depending on their
change, but the influence of each element has a different
character.

The most significant influence on the nature of the change in
the productivity of the pneumatic screw conveyor Q is exerted by
the screw speed n and the outlet area S. In this case, a significant
increase in Q occurs with an increase in the value of the
corresponding factors S, > 24 cm?and n > 300 rpm.
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4. Conclusion

The article presents an experimental installation of a pneumatic
screw conveyor and a methodology for conducting experimental
laboratory studies to determine the power indicators for the
movement of bulk materials of agro-industrial production from
the effects of air pressure and the volume of various types of
materials. Based on the results of the experimental studies,
graphical dependences of the load-displacement force on air
pressure and the displacement force of different bulk materials on
their volume at a constant air pressure P = 0.6 N-mm2 were
plotted. It has been established that the transportation force of
bulk materials decreases with an increase in air pressure P in the
pneumatic system and increases with an increase in volume V of
bulk materials per linear meter.

Based on the manufactured installation of a pneumatic screw
conveyor feeding the material flow with air jets, the productivity
dependences of the pneumatic screw conveyor on changes in the
area of the hopper opening, the screw feeder speed and the value
of the working air pressure in the technological line were
established.

An analysis of experimental studies results showed that the
productivity Q of a pneumatic screw conveyor increases with an
increase in operating factors and is approximately in the range of
2...11 kg-s™. The most significant influence on the nature of the
change in productivity Q is exerted by the screw speed n and the
outlet area S.. At the same time, a significant increase in Q occurs
with an increase in the value of the corresponding factors S, > 24
cm?and n > 300 rpm.

The results of experimental studies can be used in developing
industrial designs of pneumatic auger conveyors for agro-
industrial production.
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