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Summary. The article presents the design of the elastic brush screw working body of the screw conveyor,
which makes it possible to reduce mechanical damage to grain, reduce dangerous loads caused by forced rolling
when grain material is chocked during transportation. The relationship between the design parameters of elastic
brush screw working bodies fibers and force loads on grains with elements of spherical surfaces and the conditions
of their chocking during transportation is established. The calculation scheme for determining the parameters of
grain transportation by an elastic brush screw working body is presented. The equation for determination of the
allowable external load on the grain in the perpendicular direction to the flights of the elastic brush screw working
body during transportation in the conveyor is derived. The condition of grain chocking between the fibers and the
inner surface of the screw conveyor housing is determined.
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Statement of the problem. When interacting with the screw conveyors, the grain
material is subjected to various mechanical influences, in particular compression, friction,
impacts, which lead to its macro- and micro-damages.

Based on the analysis of literary sources, the mechanical impact on the grain during
interaction with the working bodies could be divided into two groups: damage caused by impact
during the interaction of the grain with the surface of the working bodies; damage caused by
friction and pinching of the grain in the gap between the active surface of the screw working
body and the stationary part of the casing.

The analysis of screw conveyor designs revealed several trends aimed at reducing grain
damage during transportation. The most effective ones include the complete replacement of the
steel flights of the auger with elastic ones, or the partial framing of their outer edge with an
elastic material (polymers, rubber). The use of such elastic materials as rubber, polyethylene,
kapron, nylon reduces damage only in those cases when the process of interaction between the
grain and the working bodies has an impact character. However, for grain, more dangerous
loads are caused by forced rolling during pinching or pulling, as is observed in screw conveyors.
In the process of pinching or pulling, the shell is deformed, chipped and torn, which contributes
to the destruction of the grain.

This drawback can be eliminated in screw working bodies, in which the spiral is
replaced by an element in the form of a set of separate thin fibers. This allows reducing
mechanical damage to the grain several times.

For the successful use of such brush-like screw working bodies, additional theoretical
and experimental studies are required to substantiate their parameters and modes of operation.

A separate direction of improvement of screw conveyors is the use of rotating casings [11,
12] with additional oscillations of the screw [13], which increases the productivity of transportation
and mixing of grain materials, but does not eliminate the problem of grain destruction.
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It is important to study the deformations of the elements of the screw working body
during the transportation of loose materials [14; 15], deformations of individual fibers of the
brush-like screw working body [7] or elastic sections of the auger [5] under the action of loads
arising during the transportation of loose materials. The developed new designs of screw
conveyors with elastic brush-like screw working bodies [16] require additional studies of the
influence of their design parameters on the power parameters of the grain materials
transportation process.

The subject of the article is too find the relationship between the structural parameters
of fibers of elastic brush-like screw working bodies with force loads on grains with elements of
spherical surfaces and the conditions of their pinching during transportation.

Formulation of the problem. To determine the force parameters of the interaction of
the fibers of the elastic brush-like screw working body (EBSWB) with the grain material, as
well as the conditions of grain pinching in the conveyor, as an example, grain materials with
elements of a spherical surface, which are part of such agricultural crops as corn [3], peas, were
considered.

In order to form a mathematical model, several assumptions and idealization of the
parameters of the interaction between grains and fibers of EBSWB were adopted. The shape of
the grain is assumed to be ideal without taking into account micro protrusions on the surface;
the cross-section of the fibers is circular; the length of all fibers is the same; the coefficients of
friction between the grain, fibers and the conveyor casing are constant values; the movement
of the fibers relative to the shaft is within the limits of small elastic deformations with constant
stiffness coefficients; radial and angular grain displacement, load fluctuations and interaction
with other grains are not taken into account.

The analytical scheme for determining the parameters of grain transportation by an
elastic brush-like screw working body is presented in Fig. 1. The grain 5 with a spherical or
ellipsoidal element is moved by the fibers 4 of the EBSWB 3 with the central shaft 1. In the
casing 2 of the screw conveyor, the grain 5 is pinched between two fibers of the EBSWB and
the inner surface of the casing. Grain can interact with more fibers. During further rotation of
the shaft, deformation of the fibers occurs with movement of the grain in the opposite direction.
Since the fibers are made of a material whose modulus of elasticity and hardness are orders of
magnitude lower than these parameters of steel, when the fibers are deformed, forces arise that
do not exceed the maximum permissible force acting on the grain, which leads to its damage.
Therefore, the probability of grain damage in a screw conveyor with EBSWB is significantly
reduced compared to a conventional screw conveyor with a metal screw working body.

EBSWB can be installed in the casing both with a gap and without a gap. There is
also a gap between the fibers placed on the shaft. When the radius of the EBSWB increases,
the distance between the fibers increases, and accordingly, the gap between them increases
as well.

With a large gap, the productivity of the conveyor decreases, but an increase in the
density of fibers leads to an increase in the consumed power of transportation due to an increase
in power consumption for friction between the fibers and the casing. Therefore, substantiation
of the distance between fibers is one of the necessary tasks of designing screw conveyors with
EBSWB.

Research results. Based on the calculation scheme of Fig. 1, the equation of
equilibrium of the grain at the initial moment of contact with the fibers of the elastic brush-like
screw working body (EBSWB) in the projection on the axis y is deduced:

2N, cosa+2F,sina+F,-P=0, 1)
if N1 — normal force of interaction between grain surface and fiber of EBSWB,;
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Figure 1. The calculation scheme for determination of the grain transportation parameters by an elastic brush
screw working body: 1 — shaft; 2 — casing; 3 - elastic brush screw working body (EBSWB);
4 —fibers of EBSWB; 5 — grain

Fu — friction force between grain and fiber of EBSWB,;
Ftw — frictional force between the grain and the casing;
P — external load on the grain in the direction perpendicular to the flights of EBSWB when
moving in the conveyor;
a — angle of contact between grain and fiber. It is defined as the angle between the normal to
the grain surface at the point of contact with the fiber and the axis y.

The equation of grain equilibrium at the initial moment of contact with the fibers of the
elastic brush-like screw working body (EBSWB) in the projection on the x and z-axes is
respectively:
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N,sina—N,sina+F,cosa—F,cosa =0, 2
2N, sina, =N, +2F, cosa, =0, 3)

if N2 —normal force of interaction of the surface of the grain with the inner surface of the casing;
a2 — contact angle between the grain and the EBSWB fiber in the vertical plane. It is defined as
the angle between the grain tangent to the surface at the point of contact with the fiber and the
axis z.

The friction forces between the grain and the EBSWB fiber and between the grain and
the casing are determined by the following dependencies:

Fo =N, (4)
F.=1,N,, (5)

if p — coefficient of friction between grain surface and fiber surface EBSWB,;

u2 — coefficient of friction between the surface of the grain and the inner surface of the casing.
Based on the analytical scheme of Fig. 1, the contact angle between the grain and the

fiber of EBSWB is determined by the dependence:

. l
o = arcsin (WJ (6)

if 11 — distance between the centers of fibers of circular cross-section interacting with the grain.
It is within the limits: 2R, <I, <2(R,+R,).

Rz — grain radius;

Rv — radius of the circular cross-section of the fiber.

Based on the analytical scheme of Fig. 1, the contact angle between the grain and the
EBSWB fiber in the vertical plane is deduced:

2 3

o, = arcsin(R R, J : (7

if R> — casing inner radius;
Rk — contact radius between the grain and the EBSWB fiber is determined by the dependence:

R, =R;sina. (8)
Then:
o, = arcsin Rysina ; 9)
Rz - Ra
. R,l,
=arcsin .
* (2(R3+RV)(R2—R3)J (10)
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Based on equation (3), formula is derived:
N, =2N, (sina, +p, cosa,). (11)

Substituting equation (11) into equation (1), we obtain:

2N, (cosa+p, sina+p, (sina, +u, cosa, ))=P. (12)

: | Rl
P=2N - - +u - +p i -
{J 4(R,+R,)’ 2(R+R,) 4%@+&ﬂ&—&)

RI;
+u, J1- > > | |-
4(R3+RV) (RZ—R3)

During simultaneous interaction of grains with more than two fibers, equations (12) and
(13) can be written:

P=> N, (cosa, +p,sina; +p, (sina, +p, cosay )). (14)

]
i=1

n 2 : R.I.
P=SN, | oy T ahy .
< {J 4(R,+R)) M%&+&)“{d&+&ﬁ&—&)

Rl
RN 2 2 ||
4(R3+RV) (Rz—Rg)

if i — the number of fibers with which the grain interacts.
The value of the normal force N of the interaction of the grain surface with the EBSWB
fiber is determined by the formula [17]:

(15)

4
N, = 3f,End, N

1 64|3 t37 (16)
if f, — the amount of fiber deflection;
E —modulus of elasticity of the fiber material,
Fi — friction force between the fiber and the conveyor casing;
dv — fiber diameter.

The value f1 of the fiber deflection is determined applying the solution of the differential
equation, which describes the curve of the centerline of the fiber.

The approximate value of the deflection of the fiber with sufficient accuracy for
engineering calculations is determined as fallows.

L fiber deflection occurs in the opposite

2
Il

2mﬁﬂﬂJ—MR+Rf

direction of the axis y. Therefore,

If w>tga, p, >
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=1’ -(1-2R,); (17)

3End? /12— (1-2R,)’
N, = - S 3) +Fs. (18)
64

If w, <tga fiber deflection occurs in the opposite direction of the axis x. Therefore,

n=@+&—%. (19)

I

3End?| R.+R — 1
n v( 3+ v 2} (20)
N, = VIE +Fs,.

When using EBSWB with several rows of fibers (for example, two, Fig. 2), which
overlap for the first row of fibers, the force N11 of the interaction of the surface of the grain with
the fiber is determined by the formula (20) with the deflection fi1, and for the fibers of the
second row N12 — by the formula (18) (Fig. 2a).

Figure 2. Interaction scheme of the grain with two rows of fibers a) deflection of the first row of fibers before
the contact of the grain with the fiber of the second row b) further deflection of the fibers of the first and
second rows

With further deflection of the fibers (Fig. 2b) by values of f11 for the first row and fi2 for
the second row, the grain moves into the gap between the fibers of the first and second rows.
When the condition p, <tga is reached with an increase in the gap between the fibers, the

force N2 for the second row is also determined by the formula (20).

Based on equations (12) and (13), graphs of the dependence (Fig. 3 and Fig. 4) of the
permissible external load P on the grain in the direction perpendicular to the flights of the
EBSWB were developed on the contact angle o between the grain and the EBSWB fiber and
the distance |1 between the centers of the fibers of the circular transverse cross-section
interacting with the grain during movement in the conveyor.
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Based on equation (12), the condition of grain pinching between the fibers of EBSWB
and the inner surface of the casing is determined:

cosa +u,Sina,

: - (21)
sina. +p, cosa,
Substituting equation (9) into inequality (21), we obtain:

003a+7“2R3sma

i, > 2 Ra 29
L :
: RZsin’ a (22)
sina+p, 1-———
(Rz - Rs)
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Figure 3. Graphs of the dependence of the allowable external load P on the grain in the perpendicular direction
to the flights of the EBSWB from the contact angle o between the grain and the fiber of the EBSWB during
transportation in the conveyor Rs=2mm: 1) p1=0.2; 12=0.2; 2) 111=0.3; 12=0.3; 3) p1=0.4; n»=0.4

Based on formula (22), the grain pinching condition is determined depending on the
distance I1 between the centers of fibers of round cross-section interacting with the grain:

1- |12 n B, Rl
4(R,+R,) 2(Ry+R,)(R,—Ry)

(23)

Hy > 212
Il +“ 1— R3|l
2(Ry+R,) *\ 4(R,+R)*(R,-R,)’

Based on inequality (22), the critical contact angle o between the grain and the EBSWB
fiber is determined, at which the grain pinching occurs, while for small values of the angle o>
cosa, ~1 is accepted:
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&M%-MﬁaHJwﬂ—&wf+V@—ﬁ%)

o >arcsin 7
(Hll _Rsuz) +I

, (24)

if =R, —R,.
In the case =0, in the absence of contact between the grain and the casing, inequality
(24) is simplified to the formula

py +1

o > arcsin| = : (25)
u, +1

P,N
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Figure 4. Graphs of the dependence of the allowable external load P on the grain in the perpendicular direction
to the flights of the EBSWB from the distance |; between the centers of circular cross-section fibers interacting
with the grain during transportation in the conveyor Rs=2mm, Ry=0.5 mm: 1) p;=0.2; pn»=0.2;

2) u1=0.3; u2=0.3; 3) 1u=0.4; n,=0.4

Based on inequality (24), the critical distance |1 between the centers of the fibers of a
circular cross-section, at which grain pinching occurs, is determined:

&MH?JMHfHJOQ_RwJ{HZG_MMQ

L >2(R,+R
' ( ’ V) (“1|_R3u’2)2+|2

(26)

In the case p2=0:

2
e+
L >2(R,+R,) Y= (27)

2

uy +1

Conclusions. The relationship between the structural parameters of fibers of elastic
brush-like screw working bodies with force loads on grains with elements of spherical surfaces
and the conditions of their pinching during transportation has been found.
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Based on the derived equations and graphs, an increase in the contact angle o between
grain and fiber is found to lead to a decrease in the value of the external load P. The maximum

values of the external load P on the grain are reached at the angle o =arctg(p, ). The starting

points of the largest decline of the P(a) function depend on the value of the coefficients of
friction p1 and po. An increase in the coefficients of friction w1 and p» leads to an increase in
the load P. For example, for p1= n1=0.2, the inflection point is determined by the angle a=35
degrees, and for pi=p.=0.4, by the angle 0=50 degrees. At an angle a=90 degrees, only
frictional forces act on the grain. It was also found that an increase in the distance I; leads to a
decrease in the P load, while an increase in the coefficients of friction p1 and po leads to an
increase in the P load. A significant decrease in the P load is observed at 1, which is equal to
the grain diameter. With the help of the presented graphs and formulas, it is possible to select
the distance between the fibers in order to ensure the movement of the grains at the set value of
the external load. An increase in the angle o and the distance |1 leads to an increase in the
probability of grain pinching between EBSWB fibers with a coefficient of friction p1<0.5 for
an angle a in the range from 50 degrees to 90 degrees and a distance I3 from 4 mm to 5 mm
with a grain radius of 2 mm. An increase in the coefficients of friction p1 and po leads to a
decrease in the angle a, at which grain pinching is possible. When the coefficient of friction
n1=0.5, the angle a is in the range from 52..64 degrees to 90 degrees for different values of the
coefficient of friction po. If there is no friction between the grain and the casing p»=0, it is also
possible to pinch the grain between the fibers. The ratio of the gap between the fibers and the
diameter of the grain, at which pinching of the grain is possible, is found. The greater is the
coefficient of friction u1, the smaller is this ratio. For the coefficient of friction pu1=0.5, pinching
of the grain is possible when the ratio of the gap to the diameter of the grain is from 0.75, and
for n1=0.3 — from 0.89.
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YK 621.867.42

JOCJIJIKEHHSI IAPAMETPIB B3AEMO/IIi BOJIOKOH
EJACTUYHOI'O INITKOITIOAIBHOI'O I'BUHTOBOI'O POBOYOI'O
OPI'AHA 31 COEPUYHHUMMU ITOBEPXHAMMU 3EPHOBOI'O
MATEPIAJY

Anapiit Isauyn; IBan I'eBko; Anapiit Ctanbko; Ouier KopoJib;
Ouaer Jdepum

Teproninbcokutl HayioHaIbHUL MeXHIYHUU YHIgepcumem imeni leana Ilynios,
Tepnonins, Ykpaina

Pestome [Ipedcmaeneno KOHCMPYKYIIO elacmuyHo20 WimKonoOiOHO20 28UHMOB020 DPOOOUO2O Op2aHd
2BUHINOB020 KOHBEEPA, WO O00360NAE 3HUSUMU MEXAHIYHI NOWKOONCEHHS. 3epHA, 3MEHWUmMU HeOe3NneuHi
HABAHMANCEHHS, BUKTUKAHI NPUMYCOBUM NEPEeKOYY8AHHAM NPU 3aAUeMIeHH] abO 80N0UIHHI 3ePHOB020 Mamepiany nio
uac MmpaHcnopmyeaHHs, K ye CnocmepicacmuvCs )y 26UHMOBUX KOHBEEPAX 3 Memanesumu 28UHMOSUMU POOOUUMU
opeavamu. Bcmanogneno 63a€mMo36’A30K KOHCMPYKMUBHUX NAPAMEMPI6 B80J0KOH eNACUYHUX WIMKONOOIOHUX
2BUHMOBUX PODOYUX OP2AHIE 13 CULOBUMU HABAHMAICEHHAMU HA 3ePHUHU 3 €IEMEHMAMU CEPULHUX NOBEPXOHL MA
YMOGAMU X 3aWeMIeHHsT NPU MPAHCHOpmysanHi. J[is opmysanHs mamemamuynoi Mooeni NpuiiHamo Kilbka
npunyujerb ma ideanizayilo napamempis 63acmoo0ii 3epHUHU 3 BOJIOKHAMU eACTNUYHO20 WIMKONOOIOHO20 28UHIMOBO2O
poboyozo opeana. IlpedcmasneHo po3paxyHKo8y cxemy Ol GUSHAYEHHs NAPAMEMmpI8 MPAaHCHOPMYE8AHHS 3ePHUHU
eNACMUYHUM WIMKONOOIOHUM 26UHMOBUM POOOYUM OP2AHOM. 3aNnUcano pPiGHsHHS PIBHOBAU 3ePHUHU 8 NOYAMKOBULL
MOMEHM KOHMAKMY 3 60J0KHAMU eJIACMUYHO20 WIMKONOOIOHO20 28UHMO6020 POOO1020 Opeand. BusHaueno xkymu
KOHMAKMY MINC 3ePHUHOI0 MA B0JOKHAMU eACMUYHO20 WIMKONOOIDHO20 28UHMOB020 pobOU020 opeaHd. Bugedero
DIBHAHHSL OJisl 3HAXOO0XHCEHHs OONYCIMUMO20 308HIUHLO2O HABAHMANCEHHS HA 3ePHUHY 8 HANPSIMKY, NEPNEHOUKYIAPHOMY
BUMKAM eACMUYHO2O WIMKONOOIDHO20 28UHMOB020 POOOUOLO OpeaHay npu nepemiwienti y kougeepi. Ilobydosaro
epagiku 3a1excHoCmi 00NyCMUMO20 308HIUHBLO2O HABAHMANCEHHS 8I0 KYIMA KOHMAKIY MIXHC 3€PHUHOI0 MA B0JI0KHOM
i iOCMani Midic YyeHmpamu 80J10KOH KPY2lio2o NONepeuHo20 nepepizy, ujo 63acmMooilomy i3 3epHUHOI0 NPU NepeMiljeHHT
8 KOHGeepi. Busnaueno ymogy 3aujeMnenHs 3epHUnU MIdC GOJOKHAMU MA GHYMPIUHBLOIO NOBEPXHEIO KOMCYXA
2BUHMOB020 KOHBeEpa. Busnaueno kpumuunuil Kym KOHMAKIMY MidHC 3ePHUHOIO § B0OJIOKHOM MA KPUMUYHY 8i0CMAHD
MiIdHC YeHMPamu 80J10KOH KPY2io20 NONepedHo20 nepepisy, npu AKUX 8i00y8acmucs 3aueMieHH sl 3ePHUHLL.

Knrouoei cnosa: wimxonodionuil 26unmosuti pooouull 0peam, 3epHosuUll Mamepia, eiacmuyne 80J10KHO,
3aueMieHHs, CULO8i napamempu.
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