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ABSTRACT. The results of an elastic sectional screw operating tool development and its production
technique are presented in the article under consideration. The operating tool has been made to fix the
elastic sections, providing the transportation of bulk materials of agricultural production, in order to
ensure their minimal damage and the process minimal power capacity. The article presents constructed
regression dependencies and response surfaces for the effects of the design, kinematic and technological
parameters of a sectional screw operating tool on power consumption and the damage rate of grain
material in the process of its transportation. As the result of the conducted experimental research,
authors came to a conclusion that the arrangement of an elastic auger without a gap between its
peripheral part and the inner surface of the guiding tube significantly reduces vibrations in the process
of conveying bulk material.
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grain material damage.

1. INTRODUCTION

Transportation of bulk material by screw conveyors
has a broad range of applications in different fields of
production. However, conventional screw operating
tools have a number of disadvantages, namely the
increased material damage rate by screw conveyors
due to existing gaps between the rotating part of the
auger and the inner surface of the tube. This also
leads to an increased power consumption of conveying
the material and significant vibrational oscillations
that reduce the operational life cycle of the employed
mechanisms.

To increase the conveyor productivity, pneumatic
devices are used, which improve material flow modes.
Developments found in the works of [IH3] are ded-
icated to the subject of increasing the operational
efficiency of pneumatic auger conveyors, and in [4-
7], the results of a research on pneumatic conveyors
with a simultaneous transportation and mixing of bulk
material in the main characteristic areas routes are
presented. They provide the transportation of bulk
materials along technological paths of various spatial
configurations employing a mechanical feed of material
by a screw discharger and an additional intensification
of the process with the help of pneumatic devices.
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We also carried out a research analysis on improve-
ment of operational and functional characteristics of
screw and tubular conveyors and a reliable safety pro-
tection of their drive members, which are described in
the works of [8, [@]. These conveyors are designed to
simultaneously transport and mix bulk feed mixtures
along multicurved paths with lower energy inputs of
the technological process.

The works of [10, [IT] are dedicated to the develop-
ment of screw operating tools with an elastic surface
and their theoretical and experimental research.

The works of [I2HI5] provide research findings on
flow patterns of bulk materials depending on construc-
tional and kinematic characteristics of screw operat-
ing tools, bunker type and solid particles, as well as
frictional forces. The papers [16] [I7] also presents
results from an experimental screw conveyor where it
is shown that the analytical predictions very closely
correlate to the measured results of transportation of
bulk materials.

Operating conditions, which affect the performance
of screw conveyors by using a discrete element method
(DEM) to simulate single-flight screw conveyors with
periodic boundary conditions, are considered in [I8-
20]. In the works of [2IH23] mathematical models of
the process of feeding bulk materials into bunkers of


https://doi.org/10.14311/AP.2021.61.0624
https://creativecommons.org/licenses/by/4.0/
https://www.cvut.cz/en

VOL. 61 NO. 5/2021

Design development and study of an elastic ...

A (2:1)

(B).

screw conveyors are proposed, and operating modes
of inclined screw conveyors are considered, allowing
to develop their new designs with a justification of
rational parameters.

The analysis of known works shows that a consider-
able reduction in the damage caused to agriculturally-
produced materials can be achieved by employing
elastic surfaces, which are attached to the screw blade.
Thereby, it is efficient to develop new designs of elas-
tic screw operating tools and determine their optimal
structural and kinematic parameters, which will im-
prove operational performance in the processes of bulk
material transportation.

The purpose of the conducted research is to in-
crease operational performance of elastic conveyor
screw operating tools by developing new designs and
determining their rational parameters, as well as an
application of the proposed manufacturing method.

The novelty of this work is to determine the influ-
ence of constructional and kinematic parameters of
an elastic screw operating tool on the damage rate
of grain material, conveyor output and the energy
consumption of the transportation.

2. MATERIAL AND METHODS

According to the main objectives, a constructional
design of an elastic sectional screw operating tool
and its manufacturing method have been developed.
An experimental installation has been designed to
determine the productivity of an auger conveyor as
well as to establish the influence of technological and

(B)-

FIGURE 2. Installation diagram for coiling helices onto the stack (A) and general view of coiled helix stack (B).

kinematic parameters of a screw conveyor with hard
and elastic operating surfaces on the grain degradation
rate. A statistical processing of experimental research
findings has been performed in order to construct, and
thereafter conduct the analysis of regression equations.

To meet the objectives, an elastic sectional screw
operating tool has been designed [24].

The design scheme and general view of the sectional
screw operating tool with overlapping adjacent elastic
sections are shown on Figure [l It consists of the
central shaft 1 (diameter @38) with spiral body 2,
which is made of material S12 to which elastic sections
3 are attached with the help of sectional screw plates
4, bolted joints with semi-circular heads 5 and nuts 6.

During the transportation of the material in tubu-
lar casing 7, when the grain is stuck between the
stationary casing’s surface and rotating sectional elas-
tic screw’s surface, sections bend to avoid any grain
damage.

The manufacturing method of the elastic sectional
screw operating tool is as follows: the ribbon is coiled
onto the screw stack, without performing a pitch cali-
bration. Different types of coiling methods may be ap-
plied [25]. The process of coiling the helices out of rib-
bons with their continuous escape from the framework
differs in the fact that acting forces, which capture
and carry the ribbons, are frictional forces (Figure .

For the coiling, we used installation (Figure ,
which was mounted onto the metalworking lathe. The
installation is made in the form of a step-like cylindri-
cal mandrel 1, which, in its wider part, has an axial
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FIGURE 4. Attaching the calibrated screw onto the tubular base.

slot 2. Ribbon’s bent end 3 is inserted into the slot
and is fixed with bushing 4. At the end of the mandrel,
there is a single helical coil 5 with a pitch that equals
to the helix width.

Clamping 6 and guide 7 rollers, with the possibility
of free rotation, are mounted on the saddle, perpendic-
ularly to the axis of the mandrel. The clamping roller
has a step-like design, its cylindrical surface presses
the ribbon to the bushing end 5, and the wider part
of the roller comes to contact with the ribbon rib that
is being coiled. The roller is rigidly mounted on the
body frame 8, attached on the axle with the help of
bushing and is set onto the saddle by means of the
thrust bearing. To improve the operating conditions,
the axle of thrust bearing is displaced relatively to
the mandrel within the e value, sideways to the feed
of the ribbon.

The installation operates the following way: the
end of the ribbon, which is bent at an angle of 90°, is
attached into the mandrel’s axial slot 2 and fixed with
the bushing. The pressing roller 6 is approached to
the ribbon in such a manner that the roller’s narrower
cylindrical side presses the ribbon to the mandrel’s
end, and the roller’s wider end surface presses down
the ribbon along its rib. In this case, the end surface
should be positioned from the mandrel at a distance
that corresponds to the ribbon’s width in the screw
stack. The loose ribbon’s end is bent along the surface
of the pressing roller and is inserted into the gap
formed by smaller sides of the pressing 6 and guiding
7 rollers. After the mandrel is set in rotation, the
ribbon, under the action of the end surface of the
pressing roller, is coiled onto the mandrel’s smaller
part. The feeding of the ribbon towards its bent side is
performed by working surfaces of pressing and guiding
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rollers. The rotation of the mandrel is synchronized
with the feed mechanism 9, which has a pressing roller
mounted on it. The feeding is determined by the
maximum thickness of the inner diameter of the helix
screw. After the coiling is completed, the pressing
roller is drawn aside and the coiled screw stack is
removed from the mandrel.

Investigations proved the possibility to coil the rib-
bon onto the mandrel with the ratio of ribbon width
to its thickness up to 15-20. This is due to the ad-
vantageous bend pattern and improvement of metal
deformation conditions.

A diagram of mount holes and a general view of the
screw stack with holes are shown in Figure The
screw stack 1 was attached to the fixture, which, in
its lower part, has a special bushing 2, and its end
has a screw pattern with a pitch that equals the screw
thickness. A similar bushing 3 is placed in the upper
part of the fixture. Coils of the workpiece coming
through the fixture plate 4 are maximally constricted
against each other with the help of a central screw 5,
which is screwed into the fixture’s body. The fixture
plate 4 has through holes for attaching the fixture
bushings 7. Guiding columns 8 provide the necessary
position of the plate 4. Holes in coils are drilled by
bit 9 with a spindle speed of 1000 rpm and a feed rate
that is equal to 0.2 mm per rotation.

The next technological step is a pitch calibration
of the ribbon screw, which is rigidly jointed onto its
tubular base afterwards (Figure [4)).

Then, an elastic operating screw, or its sections,
depending on geometric and rheological parameters
of the transported material, are mechanically jointed
onto the hard supporting screw (Figure [5)).
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FIGURE 5. Solid rubber elastic screw (A) and sectional screw (B, C) attached to the base.

12 11 10

FIGURE 6. Design scheme (A) and general view (B, C) of experimental installation.

To evaluate the transportation productivity process
and bulk material degradation rate that depends on
the design, kinematic and technological characteristics
of the screw conveyor with an elastic auger, an experi-
mental installation was designed, Figure[6] It consists
of a frame 11 and an auxiliary frame 10, which is
attached to the frame by pivot joints 1, 12, 14 and
a mounting bracket 13 with holes. An electric motor
15 with a belt driven 2 operating tool is mounted on
the frame. The operating tool itself consists of a shaft
6 and a supporting ribbon screw 5 with elastic sections
4 being attached to the screw edge. The operating
tool is mounted inside the guiding tube 7, which has
a bunker 3 in the feed area, a branch tube 8 in the
discharge area and a bulk container 9. The width
and rigidness of the elastic sections were selected ac-
cording to the stress-strain behaviour of the material
being conveyed. An experimental research was con-
ducted using polyurethane PU-60 material, the elastic
sections are made with a thickness of 5mm [26].

Investigations on the bulk material damage during
its transporting process, which depends on variations
of the design and kinematic parameters of the screw
operating tool, were conducted using the following
method: the overall percentage of damaged grain was
determined using three samples of grain before its

transportation. The grain material was transported
through the technological path in the screw conveyor
of the experimental installation, and then, we ex-
amined the three samples of grain and determined
the percentage of its damage. The discrepancy in the
amount of the damaged grain material before and after
the transportation indicated on its damage rate [27].
The experiment was carried out ten times, which cor-
responded to the general transportation distance of
10 m.

In the process of investigation, the variation range
of factors was the following: the screw operating tool
rotational frequency was equal to (n = 200-500 rpm),
the elevation angle — (aw = 0-40°), and the clearance
value between the auger and the casing — (A = 0-
7mm).

To start the 2.2 kW three-phase asynchronous mo-
tor and adjust its rotational speed, we used Altivar 71
frequency inverter and Power Suite v.2.5.0 software.
The data obtained on motor torque and power vari-
ables were displayed in the Power Suite application
window on a computer screen.

Electric motor drive power and torque values were
recorded in percentage terms. The motor power was
determined by multiplying its nominal output (2.2 kW)
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FIGURE 7. Photoscript of grain material transportation process.

by a peak value (expressed in percentages) for the
given operating mode.

The evaluation method of the screw conveyor pro-
duction output per second consisted in selecting the
grain samples within 5 seconds during the given trans-
portation mode.

For the auger with the elastic sectional surface, the
gap value A was equal to 0 mm, and the same value
was considered to determine the grain damage rate of
winter wheat of bulk density 720kg/m?® and moisture
content W = 12-15%.

For the rigid auger, the gap value A was equal to
4mm. Guiding jackets (tubes) with inner diameters of
D 100 and 120 mm were used to determine the screw
conveyor production capacity ). For both variants
of the screw, the screw surface pitch equals to T} =
70 mm.

The photoscript for the process of conveying the
grain material with o = 10° and n = 450 rpm is shown
in Figure [

Having studied the photographs of the grain ma-
terial transportation process, it has been determined
that the peak production output of the screw conveyer,
meaning its bunker being filled with grain, is between
5 and 10sec., with @ = 10° and n = 450 rpm. Within
this timespan, the grain material was selected and
weighed in order to evaluate the production output
of the screw conveyor per second.

3. RESULTS AND DISCUSSION

Based on the experimental research on the evaluation
of power consumption of an elastic screw conveyor dur-
ing a transportation of grain material, we constructed
the following regression equation
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P =0.05540.11-10"2n— 0.06 - 10~ %«
—0.014A 4+ 0.21 - 10 °na + 40.84 - 10~ *nA
+0.75-10"*aA — 0.33 - 10~ 5n?
+0.21-107%2 - 0.5-107*A? (1)

The factorial field was determined by the following
range of parameter variations 200 < n < 500 (rpm);
0 < o <40 (degree); 0 < A <4 (mm).

Response surfaces, which are constructed according
to regression equation |1} are shown in Figure

An analysis of the response surfaces shows that the
dominating factor, which influences the value P, is
rotational speed n. The next impact factor is angle
«, and the least influential factor is gap value A.

The investigation findings on the determination of
productivity output @ per second, during the trans-
portation of grain material by the experimental in-
stallation with inner diameters of guiding pipes of
D =120 and 100 mm at a screw rotational speed of
n = 450 rpm with a horizontal configuration of the
screw operating tool, are shown of Figure [0

It was determined that the maximal screw conveyor
output value was within 5 and 10 seconds after it
had been set in motion and the bunker filled with
grain material. Within this timespan, we selected and
weighed the material.

The general tendency for the screw conveyor output
@ per second, depending on the inclination angle of
the operating tool relative to the horizon o = 0-40°
with n = 450 rpm, shows that value @) decreases when
the inclination angle of the operating tool « increases,
whereby flow rate @ considerably increases with an
angle value of a = 30° and more.

This can be explained by the fact that at intense
inclination angles of the operating tool relative to the
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FIGURE 9. Characteristic curves for screw production output as per second: (A) dependency on n = 200-500 rpm
with @ = 0; (B) dependency on a with n = 450rpm; 1, 2 — D = 120mm; 3, 4 — D = 100mm; 1, 3 — screw with
elastic surface (with A = 0mm); 2, 4 — hard screw (with A = 4mm).

horizon, the feeding of grain into the guiding pipe
becomes more complicated. Since the bunker is rigid
and vertically fixed to the tube (Figure @, additional
frictional forces develop along the inside surface of the
bunker and this slows down the feeding of material
into the technological transportation zone.

The analysis of the screw conveyor production out-
put showed that the transportation output increased
1,28-1,29 times in the case of the elastic blade augers,
provided (A = 0mm), the inside diameter of the tube
was 100 to 120mm and the operating tool angle incli-
nation was within the range of @ = 0-40°, and in the
case of hard screws (with A = 4mm), the transporta-
tion output increased 1.28-1.33 times.

Investigations were conducted to determine the
grain degradation rate caused by hard 7} and elastic
T, augers. The regression equation determining the
dependence of the grain degradation rate on values
a,n and A for the rigid auger is as follows

T}, = 0.0108 + 0.0046¢¢ 4+ 0.0005n + 0.053A  (2)

The factorial field had the following range of param-
eter variations: 0° < a < 40°% 200 < n < 500 (rpm);
2 <A <7 (mm).

Hard screw response surfaces T}, depending on vari-
ations of two factors are shown in Figure [I0} [I0a]
Th = f(A,Oé); mTh = f(n’ Oé); Th = f(n7A)

The regression equation of dependencies of the grain
damage on values o, i A for the elastic screw is as
follows

T, = 0.0011 4 0.0012a + 0.0002n + 0.051A  (3)

The factorial field had the following variation range
of corresponding parameters: 0° < a < 40° 200 <
n <500 (rpm); 0 < A <4 (mm).

Figure [L1|shows the response surfaces T, depending
on variations of two factors: T. = f(A, a);
T. = f(n,a);[11d T. = f(n, A).

The analysis of the response surfaces shows that
the dominating factor that influences the value Ty, is
the gap width A. The next impact factor is angle
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FIGURE 10. Response surfaces for grain damage T}, by hard screw depending on variations of two factors:

(A) T = F(A,a); (B) Th = f(n,); (C) Th = f(n, A).
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FIGURE 11. Response surfaces for grain damage rate T. by elastic auger depending on variations of two factors:

(A) Te = f(A,a); (B) Te = f(n,a); (C) Te = f(n, A).

«, and very close to it, is the rotational speed of the
operating tool n.

The methodology of conducting the investigations
on the level of the grain material damage and on the
transportation-related energy consumption applying
a multifactorial experiment has been suggested. The
analysis of the investigation results has made it possi-
ble to assess the influence of all the above mentioned
system parameters on the behaviour of the bulk ma-
terial when passing the area of adjacent overlapping
sections.

The presented method of making a screw operating
element, which is adjusted to its fixture with elastic
straps, involves a pre-coiling of a strip onto a rib
with a further drilling of fixing holes in the developed
conductor and a calibration of a screw base with
its further fixation onto a shaft base. The ways of
mounting an elastic spiral and its sections onto the
base of a screw spiral rib have been suggested.

4. CONCLUSIONS

A completely new design of a screw operating tool
with a sectional elastic surface has been developed
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to study the technological processes of transporting
grain materials and a set of experiments has been
made.

In the course of running the experimental research,
the following variable values were considered: rota-
tional speed of the operating tool (n, rpm); its incli-
nation angle towards the horizon («, degrees); gap
value between the auger and the tube (A, mm).

When determining the grain damage rate 7', it has
been established that when we used elastic sections, as
compared to rigid blades, at n = 100-400 rpm, 7" value
decreased 1.55-3.0 times, when angle was changing
within the range of & = 040, T" value decreased 1.63—
4.0 times in the case of the auger with elastic blades.

Based on a multi-factor experimental research, we
obtained the regression dependency on the determina-
tion of power P of a screw conveyor operation. The
dominating factor, which influences the power value
of a screw conveyor operation is the rotational speed
of the operating tool n. The next influential factor is
the auger angle o towards the horizon. The gap value
A between the elastic auger and the tube had the
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lowest impact on the power change P of the conveyor
drive operation.

An analysis of the screw conveyor productive output
per second showed that the output of an elastic auger
(provided A = 0mm) with increased inside diameters
of tubes from 100 to 120 mm at a rotational speed of
the operating tool within n = 300-450 rpm increases
1.25-1.27 times, and productivity increases 1.27-1.31
times in the case of a rigid auger (provided A = 4mm).

The general tendency of variation of the screw con-
veyor production output per second (), depending on
angles a = 0-40° at n = 450 rpm, shows that @) value
decreases, when angle « increases. Whereby the flow
rate @) significantly increases, when the angle value
equals to a = 30° and more.

Transportation output increases 1.28-1.29 times
in the case of the elastic blade augers (A = 0mm)
with an increased tube inner diameter from 100 to
120 mm, and operating tool being inclined by a =
0-40° towards the horizon; and in the case of the rigid
augers (A = 4mm), it increases 1.28-1.33 times.

A completely new technique of a competitive elastic
sectional screw operating tool production has been de-
veloped on the basis of the conducted set of theoretical
and experimental studies. The technical innovation of
the developed design is defended by the declaration of
utility model patents of Ukraine [24] and the research
results have been partially implemented.
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