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Summary. The article analyzes the problem of using telescopic screw conveyors, determines the factors
that negatively influence the process of moving bulk cargo by this type of transport. In order to confirm the results
of theoretical research, the existing module of the conveyor was designed and manufactured and a series of
experiments were conducted.
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Problem statement. Telescopic screw conveyors designed to move bulk media can
rotate at significant angular speeds (up to 800 rpm and above). Actual non-uniform inclusions
in the environment, asymmetries of the telescopic screw and external disturbances lead in many
cases to its oscillations, and then to significant dynamic loads in it [1]. Their magnitude
increases in so-called resonance cases. In addition, the conveyor screw performs usually
complex vibrations: a combination of bending and torsional. Examining such complex
processes even if the conveyor screw can be considered a one-dimensional resilient body is a
difficult task. At the same time, as the results of the tests show, in some cases even without
environment movement and external periodic disturbances, the intensity of bending oscillations
increases significantly [1-3]. This can be explained only by the interaction of some forms of
oscillation with others. It is the research of the above phenomena in the telescopic screw — loose
environment system when moving the loose environment that will make it possible to select in
advance the mode of operation of the conveyor, which makes the above processes impossible,
and then increase the service life of the telescopic screw conveyor.

Analysis of recent research and publications. Issues of telescopic screw conveyors,
dynamic processes in the process of their work are devoted to the work of
R. M. Rogatynskyi [1], I. B. Hevko [2], A. L. Lyashuk [3], I. B. Sokil [4-7], etc. Special
attention was paid by the researchers to the issues of selection of parameters of working bodies
and study of cargo transportation processes. However, the problem of increasing productivity
by improving the transportation process always remains relevant and requires further research.

The goal of the work. To build a mathematical model of dynamics telescopic screw —
loose environment.

Implementation of the work. In many cases, in universal agricultural cargo transfer
units, in order to achieve the required overloading distance, the screw conveyor is complicated
and decomposed-compiled by means of a hydro- or pnemo equipment, making its design too
complex and expensive. Therefore, the use of the telescope principle in screw conveyors has
wide application in various designs of agricultural and other machinery.

Studies have been carried out to analyse the functioning of telescopic screw conveyors.
In a number of works [4—7], the effect of the motion of the solid flow of the loose environment
on the longitudinal or bending oscillations of the elastic bodies has been studied. On their basis,
it can be argued that even the speed of movement of the loose environment changes the main
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dynamic characteristics of single-mold (bending or longitudinal) oscillations. The amount of
environment exposure increases significantly with the relative amount of its motion. As for the
telescopic screw system — loose environment, then:

- first, the telescopic screw rotates at a considerable angular speed, which means that
even slight lateral deformations at some point in time (the nature of which may vary) cause
significant stresses;

- second, the relative movement of the loose environment along the screw provides its
mathematical model of bending oscillations of a qualitatively new kind — the appearance in it
of a mixed derivative of linear and time variables. It is with the help of said composition that
the influence relative to the screw of the loose environment is partially taken into account;

- third, the working telescopic screw is an elastic body, which rotates, so that due to
partial wedging, non-uniformity of the medium and other reasons it additionally performs even
torsional oscillations.

By the amplitude of torsional oscillations, as the results of studies [1] show in most
cases, the maximum relative linear movements of the external points of the screw due to
torsional oscillations are much less than the linear movements due to its bending oscillations.
The above can serve as a basis for some simplification of the mathematical model of the
dynamics of the screw — loose environment system. Its essence consists in the following: in the
mathematical model of bending oscillations of the investigated system it is assumed that
torsional oscillations cause a small amount of periodic action on bending. The main parameters
of this action (first of all frequency) can be determined on the basis of the main characteristics
of the screw: its linear mass, moment of inertia, elastic characteristics of the material [8] or by
partial processing of experimental data [9].

It is known [10] that a mathematical model of bending oscillations of an elastic body,
which rotates along a fixed axis Q at a constant angular velocity provided that a continuous
flow of a uniform zero stiffness environment moves along it at a constant relative linear velocity
V is a system of differential equations:
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In (1) u(t,z),w(t,z) — projections of the displacement vector of the point of the central
axis with the coordinate zof the telescopic screw at an arbitrary moment of time t in
projections on the axis of the fixed coordinate system OXYZ . Here OZ of the said reference
system coincides with the unformed straight position of the screw, 2 — an angular speed of
screw rotation around the specified axis, p;, p, —weight of body and moving medium unit of
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27 — periodic for y =wt+ y,functions describing nonlinear components of reducing force,
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resistance forces and other forces, the maximum value of which is considerably less than the
value of reducing force, as indicated by a small parameter ¢.

Below, for the sake of simplicity, we will assume that these functions
are polynomial in terms of the set of wvariables, and that their physical
content implies  that  they  must be related by a relationship
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As for the complex vibrations of the screw (combination of bending and torsional),
provided that the latter are described by known law $(z,t) (hereinafter considered torsional to
correspond to their simple mathematical models) the system of equations (1) is transformed to
the form:
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The last two components in the left-hand part of equations (2) express the components
of inertia forces of the conventionally separated element of the telescopic screw and they are
caused by the non-uniform deformed rotation thereof (relative torsional oscillations).

The dynamic process of the screw depends not only on power and kinematic
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and correspond to the movement of the elastic screw in the bearings the distance between which
is I(z). It is in this way that the variable length of the screw is taken into account in the

mathematical model and is 1(r)=1,+ekt k, constant. The object is to describe the main

parameters of bending oscillations of the screw provided that torsional oscillations are
described by dependence:

Kz

I(7)

in which a — their amplitude, ®=k—” &J,

I(T) Iy
moment of inertia relative to neutral axis of elastic body together with environment, J, — its

equatorial moment of inertia, G — shear modulus.

In order to investigate the principle of telescoping in screw conveyors on the basis of
the patent search and analysis of scientific literary sources and synthesis [11] was carried out,
developed, designed and manufactured an experimental installation which is shown in
Figures 1-3.

H(x,t)=hsin ——zcos 9, 9= (Ot +9,), (4)

— frequency, 9, — initial phase, I, — linear

\

Figure 1. Stand to study the characteristics of
telescopic screw conveyors: a) general view;
b) structural scheme; 1 — axial motion of the
screw section; 2 — a screw axial motion in the
axial direction of the screw section; 3 — part
of the casing is fixed in the axial direction;
4 — axial movement of the screw section;

5 —a screw moving in the axial direction of
the screw section; 6 — is a part of the casing
moving in the axial direction; 7 — guides;

8 — catches of guides; 9 — discharge nozzle;
10 — support for adjusting the height of the
material; 11 — frame; 12 — mobile table;

13 — Scale of overlapping screws; 14 —
bunker; 15 — electric drive of the conveyor;
16 — belt drive; 17 — converter of frequency of
rotation of the drive; 18 — personal computer
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Figure 2. Scale of the overhang of the stand screw to Figure 3. A stand for the study of telescopic screw
study the characteristics of telescopic screw conveyors conveyors in a disassembled state

In a research installation, the outer diameter of the screw is 97 mm; internal diameter of
immovable branch pipe — 100 mm; external — 107 mm; internal diameter of movable branch
pipe — 109 mm. Movable branch pipe is made of galvanized sheet and therefore it contains
connecting seam and ovality and irregularities along the whole length, which affected speed of
twisting and unwinding of telescopic part of screw conveyor.

As a result of the studies carried out, it has been found that the biggest problem in
telescopic screw conveyors is maintaining the same gap between the casing and the spiral in
the different sections of the telescope, which significantly affects the time of rolling out and
rolling of the axially movable part of the screw to the stationary one and the occurrence and
magnitude of the torsional and bending oscillations. It has also been found that the overloading
capacity of agricultural cargoes by a telescopic screw conveyor does not differ from the
overloading capacity of these materials by conventional screw conveyors.

Conclusions. It has been found that the greatest problem in telescopic screw conveyors
is the maintenance of the same gap between the casing and the spiral in different sections of the
telescope, which significantly affects the time of rolling out and rolling of the axially movable
part of the screw to the stationary one and the occurrence and magnitude of bending and
torsional oscillations during the movement of loose weights. It has been found that the capacity
of overloading agricultural cargoes by a telescopic screw conveyor is similar to that of
overloading these cargoes by conventional screw conveyors and does not vary from the value
of rolling out and extending the telescopic part of the screw conveyor.
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YK 621.86
JAUHAMIYHI ITPOIECHU B TEJJECKOIIIYHUX 'BUHTOBHUX
TPAHCIIOPTEPAX
Bikrop I'yab

Teproninbcokutl HayioHaIbHULU MeXHIYHUU YHigepcumem imeni leana Ilynios,
Tepnoninw, Yrpaina

Pestome. [Iposedeno ananiz npobiemu UKOPUCIIANHS MELECKONIYHUX 2BUHIMOBUX KOHBEEDIB, BUSHAYEHO
Gakmopu, sIKi HecamueHoO BNAUBAIOMb HA NPOYEC NEPEMIUJEHHS CUNKUX GAHMANCIE OAHUM 6UOOM MPAHCHOPIY.
s niomeepooicenns pe3yromamis meopemudHux 00CAI0NHCeHb CHPOEKMOBAHO Ul 8USOMOBILEHO Oil0Uy MOOYib
KOHBeEpA ma npoeedeHo psaod docnidie. Ax nokazyrome pe3yiemamiu O00CHiONHCeHb, 018 Oitbuwlocmi 8UnaoKie
MAKCUManbHi  BIOHOCHI JIHIUIHI  nepemiuyenHs 308HIWHIX MOYOK 26UHMA, WO 3VMOGIEHI KPYMULbHUMU
KONUBAHHAMU, € HAOA2AMO MEHWUMY 3d JIHIUHI nepemiujeHHs, AKi 3yYMOGIeH] U020 32UHATbHUMU KOIUBAHHAMU.
Lle moorce cnysrcumu niocmasor 01 0esiKo20 CHPOWEHH MAMeMamuinoi Mooeni OUHAMIKU CUCHeMU 26UHM —
cunxe cepedosuiye. Hozo cymv nonseae y HACMYNHOMY: Y MAmMeMamuyii MOOeN 3eUHATbHUX KOTUSAHb
00Ci0NHCYBAHOI cucmemMu NPUUMAEMBCA, WO KPYMULbHI KOTUBAHHA CNPUYUHAIOMb MANOI 8eNUYUHU NEPiOOUYH)Y
0010 Ha 3eunanvhi. Came 00CHIONCEHHSL BKA3AHUX QU Y CUCMEMT MENIeCKONTYHULL 28UHN — CUNKe cepedoguue nio
uac nepemiujeHHs CUNKO20 cepedosuwya O0acms MONCIUBICMb Hanepeo GuOupamu maxi pexcum pobomu
mpancnopmepa, AKi pooasimb HEMONCIUBUMU BKA3AHI Npoyecu, a 8i0Max 30i1bUYIOMb pecypc eKChayamayii
MeNecKoniuHO20 28UHMOB020 KOHGEEPA. Becmarnogsieno, wo Hatibinbuioo npobiemoio 8 meieckOniYHUX 28UHMOBUX
mpancnopmepax € 30epexcenHts 00HAK0B020 3A30PY MINC KONACYXOM MA CRIPALNIO 8 DISHUX CeKYisX menecKond,
W0 3HAYHO BNAUBAE HA YAC GUKOYYBAHHS MA 3AKOYYBAHHS PYXOMOI 8 0CbOBOMY HANPAMKY YACMUHU WHEKA HA
HepYyXoMy ma HA NoAY i 8eIUYUHY 32UHANHUX | KDYMULbHUX KOIUBAHb NIO 4AC NepeMilyeHHs CUNKUX 8AHMAICIS.
A maxodxc me, wo NPOOYKMUBHICMb NEPEBAHMANCEHHS CLIbCbKO2OCHOOAPCHKUX BAHMANICIE MeNeCKONIYHUM
28UHMOBUM MPAHCNOPMEPOM € AHATIO2IYHOI NPOOYKMUBHOCHI NePeSAHMAICEeHH s YUX 6AHMANCI8 MPAOUYTUHUMU
28UHMOBUMU KOHBEEPAMU [ He 3MIHIOEMbCS 810 BeIUYUHU BUKOYYBAHHSL MA 8UO0BICEHHS MeNeCKONIYHOI YacmuHu
26UHMOB020 KOHBEEPQ.

Knrwouosi cnosa: meneckoniynHuii 26UHMOSUU MPAHCNOPMED, 28UHM, 32UHANbHI KOIUBAHHS, KPYMUNbHI
KONUBAHHS, 00ePMAHHSL.
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