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Annotation. The belt of the tubular conveyor is rolled up into a pipe and moves inside the roller supports, subject to
the action of torques resulting from the bending of the conveyor belt, the skewing of the supporting rollers, and uneven
loading of the belt. These moments can lead to a significant angular rotation of the belt, which, in turn, will cause loss of
stability, spillage and dusting of the load. The problem of torsion of a tubular belt in a straight section of the conveyor
path under the influence of a stationary decentralizing factor - off-centre belt loading is considered. The belt is presented
in the form of a tubular rod with one rigidly clamped and the other free end, to which is applied the torque from the
uneven load and the moment opposing it from the friction forces of the belt on the rollers. In order to establish the limits
of the possible angular displacement of the tubular belt and give specific recommendations on the choice of the
parameters of the belt and roller bearings, the cases of maximum and minimum load are considered. Formulas are
obtained for determining the angle of rotation of the belt on the roller support, which is compared with the permissible
twisting angle, that is, the angle at which the edges of the belt do not diverge and the load spills. Friction of the surface
of the belt on the rollers acts as a stabilizing factor. It is shown that torsion does not occur if at maximum load the
coefficient of friction f > 0.14, at minimum load the coefficient of friction f> 0.4575. The coefficient of friction of rubber on
steel does not exceed 0.5 for dry surfaces. If the surfaces are flooded or frozen, the friction coefficient may be halved.
Such values of the friction coefficient can lead to belt torsion with minimal uneven loading. Thus, when choosing
materials for the belt and rollers (or their linings), one should choose pairs with f> 0.5, and when using BTC, try to avoid
watering or freezing of the belt. The factors affecting the torsion of an unevenly loaded tubular belt as it moves along the
straight part of the conveyor are investigated. The angle of rotation of the belt depends not only on the magnitude of the
applied torque, but also on the design of the conveyor , the geometric characteristics of the section of the tubular belt ,
the physical properties of its material. For various options for loading the belt with maximum irregularity, the influence of
the coefficient of friction of the belt on the rollers on the possibility of its rotation has been investigated. It is shown that
with a decrease in the load of the belt, the danger of its torsion increases.

Keywords: tubular conveyor, torsion of a tubular belt, uneven loading, roller support, friction of a belt on rollers.

The belt of the tubular conveyor is rolled up into a pipe and moves inside the
roller supports, each of the representing a regular Poligon (most often a hexagon)
formed by supporting rollers. When moving along the roller supports, the belt of the
tubular conveyor is subjected to the action of torsional moments resulting from the
coagulation of the belt into the pipe, the bending of the conveyor belt, the skewing of
the supporting rollers, the uneven loading of the belt. These moments can lead to a
significant angular rotation of the belt, which, in turn, will cause instability, spillage
of the load, dusting.

On the straight rout of the belt tubular conveyor (BTC), the greatest danger in
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terms of the occurrence of torques is represented by stationary de-centering factors —
skews of the roller supports in the horizontal plane and deviations of the sections of
the base from the axis of the conveyor. Off-center belt loading can also be considered
a static factor if the steady-state load flow is shifted by a constant value relative to the
central axis of the tubular belt.

The studies of the torsion of the tubular belt on the straight part of the conveyor
route are devoted to the work of R. V. Kiriya, G. I. Larionov and N. G. Larionov [1, 2].
The authors, considering the tubular belt as a cylindrical shell, obtained mathematical
models of the stress-strain state of the belt, considered issues of torsion and loss of
stability of the section of the tubular belt, taking into account its uneven loading. Since
the unevenness of the load traffic is not possible to establish exactly, the torsion
estimates are qualitative, there are no specific recommendations for eliminating
torsion.

To set the limits of the possible angular movement of the tubular belt on the
straight section of the conveyor and to give specific recommendations on the choice of
parameters of the belt and roller supports, it is necessary to consider the torsion of the
belt under the action of an uneven load in extreme cases: maximum and minimum
loads, considering the center of gravity displacement, in both cases, is maximum.

In the study of the torsion of a tubular conveyor belt on a straight route, we
represent it in the form of a tubular rod with one rigidly fixed (x = 0) and another free
end (x = 1), to which torque M (N-m) is applied [3].

The total twist angle 6 along x, measured from the terminated end, is determined by

the integral
X

0P
where Gl, is the stiffness of the section during torsion, N-m?.
If the section stiffness Gl is constant throughout the integration area, then

o= X @

Gl

The tubular belt on the straight part of the track is supported by n roller supports
mounted at a distance Il from each other. There is a moment M; attached to the belt on
each roller support. Consider the torsion of the section of the belt BTC from the drive
drum to the first roller support. We believe that the left end of the belt is fixed
relative to the corner turns, and the right end, located on the roller, can be rotated
under the action of the torques applied to it, due to the uneven loading of the
conveyor and the friction forces of the belt on the roller:

M;=M; -My, 3)
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where M is the torque applied to the belt on the first roller support, N-m; M, is torque
due to uneven loading of the belt, N-m; M; is torque from the friction forces of the
belt on the roller, N-m.

Thus, to determine the angle of twist 6, of the cross section of the belt, located on
the first roller support , you can use the formula (2), substituting in it the value of M,
defined by the formula (3), and taking as x the distance between the roller supports,
that is x = ;:

0y = s, @
Gl

In order to determine 6, — the twist angle of the belt on the n-th roller supports, it

IS necessary to sum the values of the torques acting on all the roller supports,

counting from the fixed end of the belt to the n-th roller supports, and as the length of
the rod take the distance from the fixed end to the n-th roller supports, then

0. nlg Zn:M
n— i
Glyia

Since it is impossible to accurately determine the value and direction of torques on
each roller supports, for approximate calculations we can assume that moments equal
in magnitude and acting in one direction are attached to each roller supports, then

2
0 Mn“lg | (5)
Gl,

To ensure stable operation of the tubular conveyor, the following condition must
be met
Oh<1[6], (6)

where [0] is the permissible twist angle of the tubular belt, i.e. such an angle at which
the divergence of the sides of the belt and the spilling of the load will not occur.
In view of (5), we write condition (6) for the n-th roller supports in the form:

2
Mils < oy,
Gl,

or else
2
nls IO )
Glp M1

Given the value [6] and estimating the moment M; applied to the first roller
support, you can choose the parameters of the conveyor (the number of roller
supports and the distance between them) and the torsional rigidity of the belt,
satisfying inequality (7). The numerator of the left side of this inequality linearly
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depends on the length of the conveyor and the number of roller supports, i.e. the
twisting angle of the conveyor belt is the greater, the greater its length. Increasing the
number of roller supports also plays the role of a destabilizing factor.

We give an estimate of the moments of M, and M; acting on the roller supports.
Let the fill factor of the tubular belt k; be 0.75, i.e. filled 3/4 section. Consider the
worst variant of uneven loading, when the right half of the cross section is completely
filled, and the left by half only. Determine the coordinates of the point C — the center
of gravity of the section (Fig. 1).

yl\
B

Y

N \\I\

Figure 1 — Section of a tubular belt, unevenly loaded by 3/4 volume

The center of gravity of the circular sector with the central angle o lies on the
bisector of the angle AOB at a distance OC = 4R-sin(a/2)/(3c) from the center of the

circle.
In our case oc—gn smg:£ Oc—ﬂR
2 2 2 On
Then the coordinates of the point C:
o w) 4R o T 4R
X. =0Cco§ ——= |=—; =0Csin| —=—= |[=——. 8
¢ {2 2] or’ C (2 2) I (®)

Denote k. =x/R — the coefficient of displacement of the center of gravity of the
load. According to (8), when filling the cross section of the belt by 3/4 (k, =0.75),
k. =4/91=0.14.

Torque from uneven loading of the belt, acting on the first roller support, we
calculate by the formula

= Pk:R,
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where P = pgSl; is the weight of the load per one roller support, N; p — density of
load, kg/m*; S = k;tR? — loading area, m*; g — acceleration of gravity, m/s.

Because P = pgk 71:R2IS , that
M, =k kmpglsR>. 9)

This moment is counteracted by the torque My, caused by the friction F; of the belt
on the rollers:
F; =N,

where N is the resultant of normal reactions of the rollers, N; f is coefficient of
friction of the belt on the rollers.
Because N=P, the torque of the friction force is

M ¢ = PR = k; frplsgR>. (10)

The tubular belt can turn in the roller support, if the torque from uneven loading is
greater, than the moment created by the friction force of the belt on the rollers, that is,
when

M| > M f - (11)

Substituting (9) and (10) into inequality (11), we get
kckimpglsR® > k; frpl gR®,
from where the belt scrolling condition
ke > f . (12)

When the fill factor is k; = 0.75, the coefficient of displacement of the center of
gravity of the load is k. < 0.14. The coefficient of friction of the belt on the rollers
(rubber for steel) is in the range of 0.3 << 0.5 (0.5 for dry surfaces; 0.3 for flooded).
In the worst case, uneven loading (k.= 0.14) and flooded surfaces (f. = 0.3) k. <f, i.e.
scrolling of the belt will not happen.

We considered the option of maximum load belt BTC. From the practice of
operating BTC it is known that the scrolling of the belt can occur when it is not fully
loaded. Consider the case when the belt is loaded by 1/4 of the volume, while loading
is performed with a shift of the center of gravity of the load. In Figure 2 shows the
most unfavorable option of such a load.

As shown above, the center of gravity of the circular sector AOB lies on the
bisector OD of the angle a, and

OC = i Rsin e .
3a 2
Since in our case a=mn/2,
OC = ﬂ R=0.6R.

3
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Figure 2 — Section of a tubular belt loaded by 1/4 of the volume and based
on two rollers of six-rollers support

Coordinates of the center of gravity C
T . T
X, =0C cosz =0.425R; y,=-0Csin i —0.425R.

The coefficient of displacement of the center of gravity of the belt, in this case, is
equal to:
ke = & = 0.425. (13)
R
We believe that the loaded section of the belt is in contact with two rollers, the

normal reactions of which we denote N; and N, (Fig. 2). Through F; and F, we
denote the friction forces of the belt on the rollers

F]_: le, F2: fN2

Equilibrium equations of the belt section:

ZXZle—lNz-F@sz:O; (14)
2 2
ZY:N1—§N2+%fN2:P. (15)

Solving the system of equations (14) and (15), we define the normal reactions of
the rollers

1-/3f 2Pf

; No= :
1+ 2 ? 1+ 2

N, =P
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Belt unscrew condition
M f > M|
or
f(N;+ N,)R > Pk.R.

From where
1+(2—\é§)f ‘o
1+ f

- (16)

In this case, the rotation of the tubular belt does not occur if the coefficient of
friction of the belt on the rollers f and the coefficient of displacement of the center of
gravity k. are related by the relation (16), which, taking into account (13), is
converted to

0.157f2 — f +0.425 <0,

from where
0.4575 < f <5.911.

Condition (16) is satisfied if f > 0.4575.

Thus, at the minimum load of the belt, the condition of its non-twisting is
tightened — for the case of a flooded belt (f = 0.3), the belt can be rotated.

Uneven loading of the belt creates the danger of belt twisting on the straight
section of the conveyor route. If at the maximum load and the worst case its
unevenness (k. = 0.14) is the torque from the load M, = 0.14RP, then at the minimum
load (k,= 0.25) and the maximum for this case non-uniformity (k. = 0.425) the torque
from the load M, = 0.425RP.

Friction of the surface of the belt on the rollers acts as a stabilizing factor. It is
shown that torsion does not occur if at maximum load the coefficient of friction
f>0.14, at minimum load the coefficient of friction f > 0.4575.

The coefficient of friction of rubber on steel does not exceed 0.5 for dry surfaces.
If the surfaces are flooded or frozen, the friction coefficient may be halved. Such
values of the friction coefficient can lead to belt torsion with minimal uneven
loading.

Thus, when choosing materials for the belt and rollers (or their linings), one
should choose pairs with f> 0.5, and when using BTC, try to avoid watering or
freezing of the belt.

Conclusions

1. The factors affecting the torsion of an unevenly loaded tubular belt as it moves
along the straight part of the conveyor are investigated. It is shown that the angle of
rotation of the belt depends not only on the magnitude of the applied torque, but also
on the design of the BTC, the geometric characteristics of the section of the tubular
belt, the physical properties of its material.

2. For various options for loading the belt with maximum irregularity, the
influence of the coefficient of friction of the belt on the rollers on the possibility of its
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rotation has been investigated. It is shown that with a decrease in the load of the belt,
the danger of its torsion increases. To ensure that the belt does not turn, the
coefficient of friction of the belt on the rollers must be at least 0.5.
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AHotauia. Crpiuka Tpyb4acToro koHBeepa 3ropHyTa B Tpyby Ta pyxaeTbCsi BCEpeauHi POnMKoomnop CTasa,
nigoatoymnch Aii KpYTAUMX MOMEHTIB, WO BUHWKAOTb BHACMILOK BUMWMHY Tpack KOHBEEpa, NMEPEKoCiB NiATPUMYBanbHUX
PONUKIB, HEPIBHOMIPHOTO 3aBaHTaXeHHs1 CTPiYkK. Lli MOMEHTM MOXYyTb MPWUBECTM A0 3HAYHOTO KYTOBOrO MOBOPOTY
CTPIiYKK, LU0, B CBOK YEPry, BUKMWKAE BTPATY CTINKOCTI, NPOCAN i 3aNuUOBaHHS BaHTaXy. PO3rnsHyTO 3a4ady KpyveHHs
TpybYacToi CTPiUKM Ha NPAMONiHIAHINA AiNAHUI TpacK KOHBEEpa Mif [iel0 CTaLiOHApHOro AELEHTPUPYHOYOro dhakTopy —
HELEHTPanLHOrO 3aBaHTaXeHHS CTpidkn. CTpiyka npeactaBneHa y BUrMsA4i TPYBYacToro CTPUXKHSA 3 OOHUM JKOPCTKO
3aKpINneHUM | APYrUM BIfIbHAM KiHLEM, 4O SKOTO NPUKNaAeHi KpyTSuMiA MOMEHT Bif HEPIBHOMIPHOTO HaBaHTAXEHHS i
MOMEHT, WO VOMy NpoTWAie, Big Cun TepTs CTPiYKM Mo ponukax. LLo6 BCTaHOBWUTKM Mexi MOXNMBOTO KyTOBOMO
nepeMiLieHHs TpyBYacTol CTPIYKW | ATy KOHKPETHI pekoMeHaaLii no Bubopy napameTpiB CTPIYKM i PONUKIB, PO3TASHYTO
BUMaAKN MaKCUMAIBHOTO | MiHIMANBHOTO HaBaHTaxeHHs. OTpuMaHo MOPMynK ANs BU3HAYEHHS KyTa MOBOPOTY CTPIYKM
Ha POMMKOOMNOPI, SKWA MOPIBHIOETECA 3 AOMYCTUMUM KyTOM 3aKpydqyBaHHs, TOOTO TakuM KyTOM, MpU SKOMY He
BibyneTbcs po30iKHICTL OOPTIB CTPIUKM | MPOCUN BaHTaXy. TepTs MOBEPXHS CTPIUKA MO PONMKax BUCTYNae B SKOCTI
cTabiniayoyoro ¢haktopa. [lokazaHo, WO KPYTiHHA He BigOyaeTbes, AKWO NpY MaKCUManbHOMY 3aBaHTaXeEHHI
koedpiuieHT TepTa > 0,14, npn MiHiManbHOMY 3aBaHTaxeHHi koediuieHT TepTa f> 0,4575. KoediuieHT TepTa rymun no
cTani He nepesuwye 0,5 Ans cyxmx NOBEPXOHb. FAKWIO NOBEPXHi 00BOAHEHI abo CkpukaHini, KoedilieHT TepTa Moxe
3MEHLIYBaTUCb Y ABa pasn. Taki 3HaYyeHHs KoedpilieHTa TepTs MOXYTb MPUBECTW A0 KPYYEHHS CTPIYKM mpu
MiHIMaribHOMY HEPIBHOMIPHOMY 3aBaHTaXeHHi. Takum 4MHOM, mpu BWOOpI maTtepianiB CTpidykn i ponukis (abo ix
tbyTepoBkm), cnig Bubupati napu 3 £> 0,5, a npu ekcnnyatauji CTPiYKOBOro TpyG4aCcTOro KOHBEEPA HamaraTues yHUKaTy
06BoAHEHHS abo 3nefeHiHHS CTPIYKK. [OCNimKEeHO YMHHIKK, WO BNAMBAKTb HA KPYYEHHS HEPIBHOMIPHO 3aBaHTaXEHOI
CTPiUKM Npu 1T pyci N0 NpAMONiHiAHIA YacTuHi KoHBeepa. KyT noBopoTYy CTPIYKM  3anexuTb He TiNbKA Bif BENUYUHM
NPUKINAOeHNX KPYTAYMX MOMEHTIB, @ 1 Bifi KOHCTPYKLi KOHBEEPA, FEOMETPUYHNX XapaKTEPUCTUK nepepidy Tpybyactoi
CTPiuKM, (Pi3UYHMX BrMAcTMBOCTEW ii MaTepiany. [nsa pisHWX BapiaHTIB 3aBaHTaXEHHS CTPIYKM 3 MaKCMMarlbHOK
HEepIBHOMIPHICTIO AOCTIZXeEHO BNMB KoediLjieHTy TepTs CTPIYKK MO ponnKam Ha MOXIMBICTb Ti noBOpoTY. Moka3aHo, Wwo
3i BMEHLUEHHSIM 3aBaHTaXEHHS CTPiYKu Hebeaneka i KpYTiHHS 36inbLLyeThCS.

KnioyoBi cnoBa: TpybuacTuii KOHBEED, KPYTiHHA TPy64aCTOi CTpiuKM, HEPIBHOMIPHE 3aBaHTAXEHHS, PONMKoonopa,
TEPTS CTPIYKM NO PONMKAX.
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AnHoTauus. JleHTa TpyGuyaToro KoHBeKepa CBepHyTa B TpyOy W [ABWKETCA BHYTPU POMMKOOMOP CTaBa,
noaseprasicb OENCTBUI0 KPYTALMX MOMEHTOB, BO3HMKAKOLLMX BCREACTBME M3rnba Tpacchbl KOHBeKepa, nepekocos
NOAAEPKMBAIOLMX PONMKOB, HEPABHOMEPHOW 3arpy3ki MEHTbl. OTM MOMEHTbI MOTYT NPUBECTW K 3HAYMTENBHOMY
YrioBOMYy MOBOPOTY JEHTbl, YTO, B CBOKW O4Yepedb, BbI30BET MOTEPH YCTOMYMBOCTM, MPOCHIMNb U MbifieHWe rpy3a.
PaccmoTtpeHa 3agava KpydeHus TpyGuaTon neHTbl Ha NMPSIMOMNIMHENHOM Y4acTke TpacChbl KOHBeMepa nog LencTBuEM
CTaLMOHAPHOTO AELEHTPUpYIOLEro (aktopa — HeueHTpanbHOW 3arpy3ks neHTbl. JleHTa npefcTtasneHa B Buge
TPpy64aTOro CTEPXHS C OQHUM XECTKO 3aLieMIEHHbIM U ApYriM CBOOOAHBIM KOHLIOM, K KOTOPOMY MPUIOXEHb! KpYTALLMNA
MOMEHT OT HEPaBHOMEPHOW Harpysku U NPOTUBOAENCTBYIOLMA €My MOMEHT OT CWUMT TPEHWS NEHTbI O POMKK. YTobbI
YCTaHOBWTb MpeAerbl BO3MOXHOTO YroBOroO nepemeLleHns TpybyaToi NeHTbl 1 AaTb KOHKPETHble pekoMeHZauum no
BbIOOpY NapameTpoB NEHTbI U PONUKOONOP, PACCMOTPEHBI CIy4an MakCUManbHON 1 MUHUMANbHON Harpy3aku. MonyyeHsl
hopmynbl 4Ns ONpeaeneHns yrna noBopoTa NeHTbl Ha PONMKOONOPE, KOTOPbI CPaBHUBAETCA C AOMYCTUMBIM YoM
3aKpy4uMBaHus, TO €CTb TakUM YrrioMm, Npu KOTOPOM He Mpou3oideT pacxoxgeHue GOpPTOB MEHTbl M NPOChIMb rpy3a.
TpeHve NOBEPXHOCTW NEHTBI O PONMKW BbICTYNaeT B KavecTBe CTabunmamnpyroLlero daktopa. MokasaHo, Yto KpyyeHue
He MpOM3OWMOET, ECnM MPKU MaKCUManbHOM 3arpy3ke KoduumeHT Tpenns > 0,14, npu MUHUMAnbHOW 3arpyske
koadppuumeHT TpeHus f> 0,4575. KoathpuuMeHT TpeHns pesuHbl 0 cTarb He npesbiwaet 0,5 Ans cyXmx NOBEPXHOCTEN.
Ecnu noepxHocT 06BOAHEHHbIE UMK ONefeHeBLUNe, KOADMULIMEHT TPEHUS MOXET YMEHbLUMTLCS B 4Ba pa3a. Takue
3HaYeHUs Ko hULMEHTa TPEHUS MOTYT MPUBECTU K KPYYEHUIO NIEHTBI NPU MUHUMAbHOM HEPaBHOMEPHOW 3arpyske.
Takum 06pa3om, npu BbiGOpe MaTepnanos NEHTLI U PONMKOB (MNu X PyTEpOBKY), cneayeT Bbibupath napsl ¢ £> 0,5, a
npu aKkcnnyaTauun MeHTOMHOro TpybyaToro KoHBenepa crapatbCsi u3beratb OOGBOAHEHUS| UK ONELEHEHUS NEHTBI.
ccnepoBaHbl (hakTopbl, BAMSIOLLME HA KPYYeHE HEPAaBHOMEPHO 3arpyXXeHHO! Tpyb4aTon NEHTbLI Npu ee ABMXEHUN NO
NPSMONMHENHOW YacTK KOHBeepa. Yron noBopoTa NEHTbI 3aBUCUT HE TOMbKO OT BEMINYMHbI MPUIOKEHHBIX KPYTSALLMX
MOMEHTOB, HO M OT KOHCTPYKLWN KOHBENepa, reOMETPUYECKIX XapaKTePUCTUK CeYeHnst TpyG4aTomn NeHTbl, rU3n4eckmx
CBOMCTB ee MaTepuana. [ns pasnuuyHblX BapuWaHTOB 3arpy3kM JEHTbl C MakCUMMarbHOW HepaBHOMEPHOCTHIO
MCCNeaoBaHO BRNSHWE KOIPGULMEHTA TPEHUS MEHTBI O POMMKM Ha BO3MOXHOCTb €e noBopoTa. [1okasaHo, 4To C
YMEHbLUEHUEM 3arpy3ku NEHTbI ONACHOCTb ee KPyYEeHWS YBENMYNBaETCS.

KntoueBble cnoBa: TpybuaThiit KOHBEMED, KPyYeHMe TpybUaTon NEHTbI, HEpaBHOMEPHAs 3arpyska, PorMKoonopa,
TPEHWE NEHTbI O POMUKM.
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