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IN REFERENCE TO THE RESEARCH
OF PIPE BELT CONVEYOR

Abstract. The article considers the initial provisions of the research and design of conveyor transport that
allows to transport bulk cargo in safety.

At the same time, it is noted that there is a need for a harmless impact on the environment, especially in long-
distance routes transporting with vertical and horizontal bends, as well as with a minimum number of reloading
nodes.

The review and analysis of the standard sizes of existing conveyors shows certain advantages of the
technological nature of the pipe belt conveyor (PBC).

The considered construction of PBC, in comparison with existing ones is formed with a closed belt tray due to
support devices placed along the perimeter of the transportation line of bulk cargo.

It is indicated that when the belt with the load moves simultancously behind the roller support, due to some
collapse of the belt the relationship between the cargo particles and the belt decreases and the system "transported
cargo — conveyor belt" is in an active stress state. This circumstance makes it possible to ignore the active phase at
high transport speeds.

It is revealed that the main advantages of conveyor transport are a high level of labor productivity, achieved by
automating the operation of equipment and low production costs. The problems are the need to split the transported
cargo, accurate reconciliation of transition areas, coordination of drives and synchronization of movements, easily
adjustable in the course of work, subject to certain initial construction conditions.

The tractive calculation of the PBC by circumventing the contour, as with traditional conveyors, allowed us to
determine the force of resistance to the movement of the belt, the load pressure along the cross section, and the forces
acting on the lower and side rollers.

A computer 3D model of the PBC was created by using the SolidWorks software product, which includes:
creating special support elements and roller supports that twist the belt into the pipe, selecting metal construction
elements and calculating their strength, roller supports, and supporting conveyor devices.

The stress-strain state of the belt is shown and a model of the PBC under load is constructed, a load map that
allows analyzing the distribution of various internal reactive force factors, i.e. forces and moments that occur in the
clements of the design model.

Key words: bulk cargo transportation, conveyor belt, pipe belt conveyors, ring roller supports, computer
modeling, stress-strain state of the belt.

Introduction. Nowadays a modernized type of conveyor systems called pipe belt conveyors (PBC)
are becoming widely used in production [1,2].

It is characterized by the efficiency of in-line transportation of bulk cargo over long distances having
routes with vertical and horizontal bends with a minimum number of reloading nodes.

Elimination of losses of transported cargo, isolation of dust-like, hot, aerating and chemically
aggressive cargo from the impact on environment are the main prerequisites for creating new highly
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Due to changes in the structure of the stands, the distributed forces of movement resistance that occur
on the loaded and empty branches of the linear part of the PBC differ significantly from similar forces that
occur on traditional belt conveyors.

At the same time the belt is supported by grooved roller supports and when moving inside the ring
roller supports it is deformed which leads to a force of resistance to movement and vice versa [11-14].

Analytically, it is extremely difficult to solve the problem of deformation of a pipe-shaped belt with
sides connected by overlapping and loaded with an uneven load along and across [15-18].

There is also a second task to determine the force of movement resistance from pressing the
supporting rollers into the lower lining of the pipe-shaped belt and vice versa.

When the loaded belt is moving, immediately behind the roller support due to some collapse of the
belt the relationship between the cargo particles and the belt is reduced, and the system "transported cargo-
conveyor belt" is in an active stress state. Therefore, at high transport speeds, the active phase can be
ignored.

Then the force of resistance to the movement of the belt can be determined by the formula:

Wy = (a+bv)-6(0)+C,-P+Cr-Fo, N (1)

where P and F - radial and axial loads, N; C,, Cr — radial and axial load coefficients, C, = 16+ 1075,
G=15- 1075, ©¥(0) — ambient temperature coefficient during the rotation of the rollers;

a, b — coefficients considering the constructive sealing of assembly and the amount of lubrication [12].
The pressure from the cargo across the cross section is distributed as follows [7,11,13]:

p(p,a)=R-p-g[C(a)da,Pa (2)

2
where C(a) = (cos2¢ + cosa) - (cos?a + %) — passive pressure function; C(a) = (cos2¢ + cosa) -

(cos?a + m - sin®a) — active pressure function; ¢ — the angle that characterizes the filling degree of the
belt cross section; m — the mobility coefficient of cargo; a — the current inclination angle of the considered
site to the horizontal; p — bulk density of cargo, kg/m’; R — radius of the pipe-shaped belt, m.

oL 1 .
Ppas (a) = Ppas ?p = ERpglp f Cpass (a)da, N/m (3)
A 1 ,
Pact (a) = Pact ?p = ERpglp f Cact(a)da: N/m 4
Then the equation of total load is determined as follows:
1 ,
ps(a) = ppas(a) + Pact(@) = ERpglp f(Cpas(a) + Cacr(@))da, N/m (5)

The equivalent concentrated load acts on the roller from the load within the angle A6, and on the
section of the belt width AB=RAG, (Figure 2).
A force that acts on the lower roller:

T
Pyy =2P; =2 i 0,0075-1.27 = 0.00996 kN = 9.06 N

Loads that are applied to the lower side rollers:

L, 1 .=
Po2 = Pps = R?pg 7 = S Rogl, [#(Cpas(@) + Cocr(@))dar, N (6)
6
! 1 51
T -
Pp3 = Pp5 = ;Rng?p = ERpglp J‘EZ (Cpas(a) + Cact(a))da,N (7)
2

At the moment DS-SolidWorks software is one of the most popular and widely used software
packages in the world. It includes a wide range of integrated CAD/SAM modules and more than
500 specialized applications. In this regard, PBC modeling was performed using DS-SolidWorks.
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Torsional oscillations of the PBC occur during the operation of the PBC, so research have been
carried out using the finite element method. As the speed of the conveyor belt increases, the lowest natural
frequency decreases and tends to zero [10,14]. The Hamilton-Ostrogradsky principles are used to describe
the PBC movement. To determine the rotational movement of the tubular conveyor belt, consider a linear
section of the PBC.

To illustrate the application of the developed approach, consider a straight section of pipe belt
conveyor with the following parameters: @ = 16 m — linear section length of the conveyor; R = 0.108 m
— average radius of the pipe circumference; & = 0.06 m — belt thickness; G = 0.16-10° Pa — shift
modulus; ¢ = 7 — the angle that characterizes the filling degree of the belt cross section with a load;
p =800kg/m® — coal density; p, = 1200 kg/m® — belt density; p = 1223 kg/m® — given density;
Lyyor, =512+ 107*i* — moment of inertia of the pipe rotation; I.,., = 0.15-10"*i* — moment of
inertia of the cargo rotation; pl, = 0.63 kg - m — linear mass moment of inertia; GI, = 29.3 N -m? —
torsional cross-section stiffness; v = 0 + 5 m/s — speed of the conveyor belt.

The inertia and stiffness matrices of the #” rod element having a length a,,, the torsional stiffness of
the section (GI;)™, and the linear mass moment of inertia (pI) ™, where p is the reduced density of the
pipe with the load, I, is the polar moment of inertia of the pipe cross section with the cargo, taking into
account (6) are equal to:

: -
T an Zn Zn
Mo = ply [ HaT oz =l [ |, 5 (|(1-22) 2] dz =
0 0 Z " n
an an
K, = f BT (2)(G1)yy Bu(2)dz — v f BT (2) (plo)n Ba(2)dz =
anp—1 0

Let’s consider a section of the PBC as two finite elements containing three nodes. The inertia and
stiffness matrices of individual finite elements using the formulas (9) are equal to:

M, =M, = ”’1"%[? ;] (10)
R R an
The corresponding global degrees of freedom have the form:
= lono) 2
=[] 0

In node 1 of the PBC, the rotation angle ¢4 (£) is zero.
By satisfying the boundary conditions we obtain a characteristic equation for determining the
eigenfrequencies of torsional vibrations can be obtained in the form:

26y _(vV[2 —1]_ zphaf4 1) _

det{ a [1 (Vo) “—1 1] © [1 2]}_0 (14)

By taking into account the dimensionless frequency parameter vy = /% equation (14) can be
0

rewritten as:

afZ T1-@ 6l -0 5
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The development of the PBC movement model allowed us to determine transient processes by the
speeds of generalized coordinates when starting the conveyor at a speed of 2.5 m/s. Determination of
rational technological parameters is the task of further research.

Conclusion. As the world experience shows, PBC are one of the alternative installations for
transporting bulk cargo in a closed way.

The results of the traction calculation of the developed conveyor by circumventing the contour, to the
necessary extent allows to set the movement resistance force of the belt, the pressure from the cargo along
the cross section, the forces acting on the lower and side rollers.

The results of PBC computer modeling in 3D using the SolidWorks software product and the
developed mathematical model allows to describe the change in the tension of the PBC along the linear
part of the PBC and reveal the essence of the ongoing process when using the conveyor.

The research of the stress-strain state of the belt with a width of 800 mm, a transportation speed of
2.5 m/s and a material density of 1.1-1.6 t/m’ shows that the middle part under the belt is the most loaded.

In further improvements to the conveyor and its operation technology it is necessary to ensure
accurate reconciliation of the transition sections, synchronization of movements, easily adjustable during
operation if the initial conditions are met.
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KYBbIPJIBI TACHAJIBI KOHBEMEP/I 3EPTTEY MOCEJIECI

Annotamus. Makanaaa CyChIMAITBI KYKTI 01 OOWBIHIA CAKTAIL, TACKIMAIIAYFa MYMKIHAIK OCPETiH KOHBSHEP-
7 KONKTI 3epTTCYTC KOHE skoOajayra Heri3 OOmaTeIH OacTamkhl >Karmaiimap KapactelpeuraH. COHBIMCH KaTap,
KOpPIIAFaH OpTaFa 3HAHCHI3 OPCKETI, OCIPECe, TPAacCamarhl TiK JKOHC KeJI0Cy OYPBLIBICTAPMCH ANBIC KAIIBIKKA TACHI-
MAaJIIay JKOHC THCI-TYCIPY TYHIHIHIH a3 Ke3ICCCTiHI YKAHBIHAA AHTBIIAIBL

Konaansicrarsl KOHBEHEPACPAIH MAWAATAHBIIATEIH CTAHAAPTTHI OIIIEMACPIHE KYPTI3UITCH MOy MCH Tanaay
JKYMBICTapbl KyObIpibl Tacmamel koHBeHepaiH (KTK) TeXHOMOTHANBIK CHOATHIHBIH OCITiiMi APTHIKIIBLIBIKTAPBIH
KepCceTeal.

Kapacrsippurras KTK KOHCTPYKIMSCHIHBIH Ka31pri KOJXJAHBICTAFBI TYPIHCH CPEKINEIIT], TACBIMAIIAHATHIH CYChI-
MAJIbI XKYK MEPHUMETPi OOHBIMEH OPHAIACKAH TiPEK KYPhLUIFBLIAPHI €CCOIHCH TYHBIKTAIFAH TACTIA TOTOKTAPAAH TYPA/IBL.

Tacna sxykreH Oipre Oip YakbITTa KO3FAIFaHIA POIMKTI TIPEKTCH KEHiH TACTIAHBIH KEHOIP TYCTApPhI JKAJIASTHIH-
IBIKTAH, JKYK TICH TACHAHBIH OOJIKTepi apachlHAa e3apa OalIaHBIC SJICIpeial KOHC «TAaCHIMAIAHATHIH KYK —
KOHBCHEPIIK Tacma» »KyHecl aKTHBTI KepHEYIl skarmanbiHaa Oomanel. by skarmait TackIMannayablH KOFapbl sKbII-
JAMIBIFRIHIAFE OCICCHI (Pa3aHBI CCENTEMEYTE MYMKIHIAIK Oepeni.

Konseliepmik KeMIKTIH OacTbl APTHIKMIBIIBEB — >KAOABIK >KYMBICHIH ABTOMATTAHIBIPY >KOHE OHIIPICTIK
IOBIFBIH/IBI A3aHTY JKOJIBIMCH KOJI KCTKI3CTiH CHOCK OHIMIiHIH YKOFAPBI ACHICHI CKCHNITI AaHBIKTAFaH. ByFaH KaThICTHI
6acTbl Mocenenep — KeHOip OacTanksl KOHCTPYKTHBTIK IMAPTTAPABI )KYMBIC OapBICBIHIA CAKTAY apKbUIBI KCHLT PeT-
TEHTIH TACHIMATIAHATHIH KYK YCAKTAy KAKCTTEIIri, aybICATHIH YYACKEICPAl NI aHBIKTAY, >KETEKTEpAl CoHKec-
TEHZIPY YKOHE KO3FAJIBICTHI CHHXPOHH3AIMSLIAY .

Konrypasix OoiibiveH aifHamy acepineH ky3ere ackaH KTK tapTeIMabIk eceOi mocTyp KoHBeHepepai naiina-
JaHy Ke3iHIerimeH, Tacma KO3FaIbIChIHA KeJepri KYIITEPi, KOJICHECH KMMACBIHA YKYK KbICHBIMBIH, ACTHIHFBI YKOHC
OYHIpIIK POSMKTEPTre dCEP €TETIH KYIITEPAl AHBIKTAYFa MYMKIHIIK Oepei.

SolidWorks 6armapaama eHiMin nafinanaHa oTsipbit, 3D KJIK-ma KOMIBIOTEPITiK MOICTE YKACAIIBI, OFAH MBIHA-
Jap Kipeai: JeHTaHbI KYOBIPFa aifHAIIBIPATHIH APHAKBI TIPEK 3JIEMEHTTEPL MCH POJIMKOTIOPAIIAP $KAcay, METAIIT KOHCTPYK-
IS SIEMEHTTEPIH TAHJAY JKOHE OJIAPBIH OCPIKTITIHE €CENTEY, POIHUKONOP, KOHBEHEPAIH KOIIAY KYPhUFbLIAPHL.

TacmasbiH KepHEYIiK-meopManmsananFal Kyii skoHe KTK-miH KYKNCH camMak TYCIPUITCH MOJCTI TYPFHI-
3BUTFAH, TYPH IIIKI PEakTHBTI KYIITIK (pakTopiap O6MiHICIH, SFHA KOHCTPYKIMMA MOJCITIHIH 3JIEMEHTTEPIHAC maiima
00JaThIH KYIITEP MEH CITTI TAIAAyFa MYMKIHAIK OEPETIH KYKTEMENEp KapTachl KOPCETLITCH.

Tyiiin ce3mep: CychIMambl >KYKTEpAl TAchIMANAAy, KOHBEHEPNIK Tacma, KyOBIpJIbI Tacmambsl KOHBEHEp,
CAKHHAIBI POJIUKTI TIPEKTEP, KOMIBIOTEPIIIK MOJICIIbCY, TACTIAHBIH KEPHEY TiK-Ac(HOpMALMSsIIAaHFAH KYHI.
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K BOIIPOCY UCCJEAOBAHUA TPYBYATOI'O JIEHTOYHOI'O KOHBEMEPA

AnHoTanms. B cratee paccMOTPEHBI HCXOAHBIC IMOJOXKEHHIS K MCCICAOBAHUIO M IIPOCKTHPOBAHUIO KOHBEHEP-
HOTO TPAHCIOPTA, MO3BOJLIIONICTO TPAHCTIOPTHPOBATH CHIYYHUE IPY3bI B COXPAHHOCTH.

[Tpu 3TOM OTMCUCHA HEOOXOIMMOCTD OC3BPETHOTO BOSACHCTBHIA HA OKPY KAFOIIYEO CPEAy, OCOOCHHO MPH TPAHCTIOP-
THPOBKE HA OOJBINHE PACCTOSHHS TPACCHI C BEPTHKAJIGHBIMH W TOPH3OHTATbHBIMH H3THOAMH, A TAKKEC MUHHMAIb-
HOM YHCJIC IEPErPY30YHBIX Y3I0B.

BrInonHEHHBIH 0030p U aHANIK3 UCMOIB3YEMBIX THIIOPA3MEPOB CYIIECTBYIOINX KOHBEHEPOB MOKA3BIBACT OIIpe-
JICICHHBIC TIPEHMY IIECTBA TEXHOJIOTHICCKOTO XapakTepa TpyOuaroro JeHTouHOTro koHserepa (TJIK).

Paccmarpusaemas xoncTpykuust TJIK, B oTmame OT CyIIeCTBYIOIINX, CPOPMHUPOBAHA C 3AMKHYTBIM JIOTKOM
JICHTHI 32 CUET ONMOPHBIX YCTPOHCTB, PA3MENICHHBIX IT0 IEPUMETPY JTHHHH TPAHCIIOPTUPOBAHMS CHIYYHX TPY30B.

VYKa3aHO, 4YTO MPH ABHYKCHUU JICHTHI C TPY30M OJHOBPEMEHHO 34 POTHKOOMOPOH, BCICACTBHE HEKOTOPOTO pa3-
BaJIa JICHTHI, B3aUMOCBS3b ME)KAY YACTHIIAMH TPy3a M JCHTOH CHIDKACTCS M CHCTEMA TPAHCIIOPTHPYEMBIH Ipy3 —
KOHBCHEpHASA JICHTA» HAXOAWTCA B AKTHBHOM HAMPSHKCHHOM COCTOSHHH. JTO OOCTOSTEIBCTBO IIO3BOJLIET HE
VUATBIBATH AKTHBHYIO (ha3y MPH BBICOKHUX CKOPOCTAX TPAHCHOPTHPOBAHILL.

BrIgBIICHO, YTO TIIaBHBIC JOCTOMHCTBA KOHBEHEPHOTO TPAHCHOPTA —BBICOKHI YPOBCHB IPOM3BOAUTCIBHOCTH
TPyJa, AOCTHUTACMBIH MyTEM ABTOMATH3AMK PadOTHI OOOPYAOBAHMSA, M HHU3KHE MPOWM3BOJCTBEHHBIC 3aTPaThl. A
mpoOIeMaMH, MPUCYIUMHE MM, SBILIFOTCSI HEOOXOAMMOCTD IPOOIICHHS TPAHCIOPTUPYEMOTO I'Py3a, TOUHAS BBHIBEPKA
MEPEXOAHBIX YYACTKOB, COITIACOBAHNE MPUBOJAOB M CHHXPOHM3ALMA JBIKCHUM, JIETKO PETYIUPYEMBIC B IMPOLECCE
pabOTHI IPH COOMOICHIH HEKOTOPBIX MIEPBOHAYAIBHBIX KOHCTPYKTHBHBIX YCIOBHIA.

Bromonaennsi Tarossii pacuer TJIK mMeTomoM 06X04a M0 KOHTYPY, KaK IIPH HUCTIOIb30BAHHA TPATHIHOHHBIX
KOHBEHEPOB, MO3BOTHI OMPEACINTh CHIy CONPOTHBIICHHS ABIJKCHHIO JICHTHI, JABICHHUE OT IPy3a MO MOINCPEYHOMY
CCUCHHUIO, CUJIBI, ICHCTBYIOIINE HA HIKHIC M OOKOBBIC POJIMKH.

Cocrasnena kommbroTepHast Mozxens B 3D TJIK ¢ mcmomp3oBaHHEM HporpaMMHOTO mpoaykra SolidWorks,
BKITFOHAFOINAS: CO3JAHUC CIICIHAIBHBIX OMOPHBIX HJIIEMEHTOB M POIHKOOIIOP, 3aKPYIHBAOIINX JCHTY B TPYOY, BHIOOD
3JEMCHTOB METAUIOKOHCTPYKIUH H pacdeTa HUX HA MNPOYHOCTh, POJIMKOONOP, MOJACP/KHBAIOMIMX YCTPONCTB
KOHBeHepa.

[Nokazano HaNpsHKEHHO-AC(HOPMHUPOBAHHOE COCTOSIHHE JICHTHI W HocTpoeHa moaenb TJIK mpu HarpyskeHuu
TPy30M, KapTa HArpy30K, MO3BOJLIIOMIAS MPOAHAIH3HPOBATh PACIPEACICHHUE PA3IHYHBIX BHYTPSCHHHX PEAKTHBHBIX
CHJIOBBIX (DAKTOPOB, T.€. CHJI 1 MOMCHTOB, BOSHUKAIOIIMX B 3JIEMEHTAX MOZJCIH KOHCTPYKIHH.

Kimo1ueBbie ci10Ba: TPAaHCTIOPTHPOBKA CHIMYYHX TPY30B, KOHBEHEPHAS JICHTA, TPYOUaThIC ICHTOYHBIC KOHBEHE-
PBL, KOJIBIICBBIC POJHKOOMOPHI, KOMITBIOTEPHOE MOACIHPOBAHUE, HAMTPHKCHHO-IC(POPMUPOBAHHOE COCTOSIHHC JICHTHI.
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