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Methodology of justification and calculation of rational and constructive parameters of
a tube belt conveyor

Abstract. The article considers the methodology of justification and calculation of rational
and constructive parameters of a tube belt conveyor (TBC), which allows to transport bulk
cargo safely.

At the same time, there was noted the need for a harmless impact on the environment,
especially when transporting routes with vertical and horizontal bends over long
distances.

The considered TBC design, unlike the existing ones, is formed with a closed belt tray due
to support devices placed along the perimeter of the bulk cargo transportation line.

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. And the problems inherent in them are the need for crushing the transported cargo,
precise alignment of transition sections, coordination of drives and synchronization of
movements, easily adjustable during operation, subject to certain initial design conditions.
Keywords: bulk cargo transportation, conveyor belt, tube belt conveyor, roller supports,
design parameters.
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Introduction

Currently, at some foreign processing plants and chemical plants, there is carried out the
movement of materials of environmentally harmful goods mainly by transporting tube belt conveyors
(hereinafter TBC). The tube belt conveyor has advantages over the belt conveyor of the traditional design.
It is environmentally safer due to the tightness of the belt closed in the pipe throughout the entire route
of cargo transportation, prevents dust from entering the environment without the construction of
complex shelters, protecting the transported cargo from the effects of various natural factors such as
precipitation and wind; there are excluded spills of the transported cargo, and therefore, there are reduced
operating costs associated with cleaning spills. From the station on various sections of the route, it is
possible to create a spatial route with vertical and horizontal bends. Thus, there are eliminated additional
transshipment points that reduce the reliability of conveyor lines; the contact of the sides of the belt with
the supporting metal structure is eliminated and the service life of the belt increases; due to less sagging
of the belt between the roller supports, dynamic effects on the transported cargo are reduced and its
grinding is reduced. TBC allows you to implement the shortest transportation routes that do not depend
much on the terrain, and also provides the possibility of simultaneous transportation of goods on the
upper and lower branches (Figure 1).
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Figure 1. Tube belt conveyors

Determination of the main components of the total force of resistance to movement for various
design and design parameters of the TBC and justification of the method of calculating the distributed
forces of resistance to movement on the cargo and empty branches.

To achieve this goal, it is necessary to establish the values of the main components of the total
resistance force to the movement of the belt, namely, the resistance force to movement from deformation
of the load and the belt, from rotation and pressing of the rollers into the belt of the tubular conveyor.

The article considers the components of the total resistance force to the movement of the TBC belt
on single roller support.

The calculation of the TBC proposed by us is carried out by the contour bypass method as for
traditional conveyors. Due to changes in the structures of the staves, the distributed forces of resistance
to movement arising on the cargo and empty branches of the linear part of the TBC differ significantly
from similar forces arising on traditional belt conveyors, where the belt rests on grooved roller supports.

The traction calculation is based on the contour bypass method as for classical conveyors, but
taking into account the forces of resistance to movement from the rotation of the rollers by the belt, their
forces of resistance to movement from the pressing of the rollers into the lower lining, the forces of
resistance to movement from the deformation of the load and the belt between the rollers. The belt with
the load is deformed when moving inside the annular roller supports, which leads to the appearance of a
force of resistance to movement and vice versa. Analytically, it is extremely difficult to solve the problem
of deformation of a tube-shaped belt with sides connected by an overlap and loaded with an uneven load
along and across. There is also a second task to determine the force of resistance to movement from the
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indentation of the supporting rollers into the lower lining of the tube-shaped belt and vice versa, because
this is due to finding the contact line of the tube-shaped belt. The force of resistance to the movement of
the belt:

W,=(a+bv) -9(0)+c, P+cp Fp, N 1)

where P and F - radial and axial loads, N;

¢p, ¢5 — radial and axial load coefficients, ¢, = 161075, ¢, = 1,5- 107> (c; the minimum value is
not taken into account in further calculations);

U(0) — ambient temperature coefficient when rotating the rollers;

a, b — coefficients that consider the design of the sealing unit and the amount of lubrication [1].

For the 204 bearing: a = 0,6 — 1,1 N; b = 0,2 — 0,8 Ns/m. For the 205 bearing: a = 0,6 — 10,7 N;
b = 0,2 Ns/m; For the 305 bearing: a = 0,7 — 0,8 N; b = 0,2 Ns/m.

The TBC support roller support consists of six rollers forming a ring. The roller bearing is affected
by loads from the pressure of the transported soil, the weight of the rotating parts of the rollers, the weight
of the belt and its bending on the roller support. The pressure from the load across the cross section is
distributed as follows:

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

Where function C(a) = (cos 2¢ + cosa) - (cos?a + %) — for passive pressure;
C(a) = (cos2¢ + cosa) - (cos?a + m - sin?a) — for active pressure;

@ — the angle characterizing the degree of filling of the cross section of the belt;
m — load mobility coefficient;

a — the current angle of inclination of the site in question to the horizontal;

p —bulk cargo density, kg/m3;

R —radius of the tube-shaped belt, m.

Each pressure acts on half of the span Iy, so the specific pressure of the distributed load is equal

to:
Ppasive (@) = Phassive 2 = TRoglY [ Cpassive(@da, N/m — (3)
Pactive (@) = Phetive 2 = 2RPGl) [ Cactive(@dat, N/m (4)
Then the total load equation is:
PY()=p2(@) = Ppassive (@) + Pactive (@) = 3 ROGL, [ (Cpassive (@) + Cactive(@))der, N/m (5)

And an equivalent concentrated load acts on the roller from the load within the angle Aa, which
is on the section of the belt along the width AB=RA« (Figure 2), the force acts on the lower roller:

u =
Ppl =2- % “R*- p g ;pfos(cpassive (a) + Cactive (a))da N (6)
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—Sin”/6(6 28in2 % + cos2 = - Inm + 2 - 0,065 - cos2 7T)—
= 2 Sin 6 CoS 6 nm , COS a6 =

2
=0,25(6 —1,73-0,215 + 0,845+ 0,2112) = 1,27

1 V3 1 1
= 6—2—+§-(—0,43)+2-o,4225-E =
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6 a
f (cos2¢ + cosa) (cosa2 + sin? —) + (cos2¢ + cosa)(cos?a + msin?a) =
0 m

T
=2P, =2 i 0,0075-1,27 = 0,00996 kH = 9,96 H

The forces of resistance to movement depend on the deformations of the belt both on the roller
supports and between them, therefore, the main task that was set during the development of the model
was the possibility of determining the values of various deflections of the belt, the radius of curvature of
the belt near the roller and the size of the contact area of the belt with the roller depending on the tension
of the belt, the degree of filling of the cross section of the belt and the distance between roller supports for
three sizes of conveyor belts. When the belt with the load moves immediately behind the roller support,
due to some collapse of the belt, the relationship between the cargo particles and the belt decreases, and
the transported cargo - conveyor belt system is in an active stressed state. Therefore, at high transport
speeds, the active phase can be ignored.

The technical and economic advantages of this conveyor for closed bulk cargo transportation over
the design of a traditional belt conveyor are obvious.
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KyObIpabl TacIiaabl KOHBeliepAiH YTBIMABI )XKdHe KOHCTPYKTHUBTI MapaMeTpaepiH HeTi3aey XoHe
ecenTey aaicTremeci

Anaatmia. Makazaga cycbIMaAbl XKYKTepAi caKTay¥a TacbiMaljay¥fa MyMKiHAIK OepeTiH KyObIPAbI
TacraAbl KOHBeepAiH YThIMABI JKoHe KOHCTPYKTUBTI IapaMeTpAepiH Heri3gey JKoHe ecellTey aicreMeci
KapacThIpbLAFaH.

Bya perre, ocipece Tik koHe KeaAJdeHeH muizici Oap TpaccasapAbl aAbIC KaIIBIKTBIKTapFa
TaceiMaaay Ke3iHJe KOplllafaH opTaFa 3MsHCBI3 9cep eTy KaKeTTiAirl aTall eTiaal.

KapacTplpbiapil OTBIpFaH KYOBIpABI TacIlaabl KOHBeepAiH KOHCTPYKLMSACHI, KOAAAHBICTAFbI
KYPBLABIMJapAaH allbIpPMaIIbLABIFE, CYCBIMAAbI XXYKTepAi TachiMaaAay >KeAicCiHiH IepumeTpi OoiibIHIIa
OpHaJacKaH TipeK KYpblAFbLAaPBIHBIH apKachlHAa TacllaHbIH >KaObIK HayachIMeH KaAbIIITacasbl.

Komnpeitepaik k©AiKTiH 0aCThI apTHIKIIIBLABIFHI - Ka0ABIKTBIH JKYMBICHIH aBTOMaTTaHABIPY apKbLAbI
KOA >KeTKi3iaeTiH eHOeK ©HIMAiAiriHiH >KOFaphl AeHreili >KoHe TOMeH OHAIPICTIK IIBIFBIHAAP €KeHAIri
anbiKTaaApl. Oaapra TeH mpoOAeMajdap-TachiMaljaHaThIH >KYKTi ycaKray KaKeTTidiri, eTmneai
ydackeaepdai 491 TeKCepy, JKeTeKTepAl YilaecTipy KoHe KeltOip OacTalKbl AM3aiiH >KaFAalidapblH ecKepe
OTBIPBIIL, SKYMBIC OaphICBIHAA OHall peTTeAeTiH KO3FaAbICTapAbl CMHXPOHAAY.

KiaT cesaep: cychiMaabl XYKTepAi TackiMaljay, KOHBeliep Tacrachl, KyOBIpABI KOHBeliep,
POAMKTI TipeKTep, KYPBLABIMABIK, ITapaMeTpaep.
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Metoanka 000CHOBaHMS M pacdeTa paliiOHaAbHBIX ¥ KOHCTPYKTVMBHBIX IIapaMeTpPOB
TpyO4YaTOro 2eHTOYHOTO KOHBeliepa

Annortamms. B cratee paccMoTpeHa MeToAMKa OOOCHOBaHMA M pacyeTa paliiOHaABHBIX U
KOHCTPYKTUBHBIX IlapaMeTpoB TpyOuatoro JaeHtoyHoro Kkonseitepa (T/K), mosBoasiomiero
TPaHCIOPTUPOBATH CBHIITy4Ylie IPy3bl B COXPaHHOCTI.

IIpn »TOM OTMeyeHa HEOOXOAUMOCTh Oe3BpPelHOTO BO3JAENICTBMS Ha OKPYKaIOIIyIO cpeay,
OCOOEHHO MHpM TPaHCHOPTUPOBKE Ha OO0AbIIMe PacCTOAHMS TpacChl C BepTUKAaAbHBIMU U
TOPU30HTaAbHBIMU U3IMOaMIA.

Paccmarpusaemas koHcrpykums TAK, B oramume ot cymiectsyomux, cpopMupoBaHa C
3aMKHYTBIM /AOTKOM A€HTBl 3a CYeT OIIOPHBIX YCTPOJNCTB, pa3MeIleHHBIX II0 IepuMeTpy AMHUN
TPaHCHOPTUPOBAHNUS CBIITYYMX IPY30B.

BrisiBaeHO, uYTO TaAaBHBIE AOCTOMHCTBA KOHBEIIEpHOTO TpaHCIIOpTa - BLICOKUI YpOBEHb
IIPOU3BOAUTEABHOCTU TPyAd, AOCTUIaeMBbIil IyTEM aBTOMaTU3alluM pabOThl OOOPYAOBaHMS UM HU3KMUX
IIPOU3BOACTBEHHBIX 3aTpar. A mpobaeMamy, MPUCYIIUMI UM, SIBASIOTCSI HEOOXOAUMOCTh APOOAeHIs
TPaHCIIOPTUPYEMOIO IPy3a, TO4YHAs BbIBEpPKa IIepPeXOJHBIX Y4YacTKOB, COrJacoBaHUe IIPUBOAOB U
CUHXPOHM3aLVs ABUKEHIII, A€TKO peryAmpyeMsle B IIporjecce paboOTEI Ipu coOAIOAEHN HEKOTOPBIX
IepBOHa4YaAbHBIX KOHCTPYKTUBHBIX YCAOBUIA.

KaroueBble caoBa: TpaHCIOPTUPOBKa CBIIYYNMX IPYy30B, KOHBeVepHasl JAeHTa, TPyOdaThIi
/IeHTOYHBII KOHBellep, POAMKOOIIOPHI, KOHCTPYKTVBHBIE ITapaMeTpBHL.
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