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THEORETICAL RESEARCH OF THE INFLUENCING OF THE BASIC PARAMETERS
OF TUBULAR BELT CONVEYORS ON THE MAGNITUDE OF RISK

OF TUBULAR BELT TORSION
Zhyhula T.I1., Mishchenko T.F.
M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine

Abstract. A tubular belt conveyor (TBC) as a completely sealed transport installation is a promising solution for
creating environmentally friendly transportation systems. TBC causes the least environmental damage compared to
other types of conveyor transport. However, due to the more complex processes that take place during the operation of
the TBC, namely the movement of a tubular belt with a load on roller supports, TBC failures and their consequences
differ significantly from those of other conveyors. TBC failures can occur as a result of the tubular belt torsion, which
leads to dusting and spillage. The risk of TBC belt torsion depends on its parameters: radius of the tubular belt, distance
between roller supports, torsion stiffness of the belt cross-section, bulk density of the load, uneven loading of the bel,
and coefficient of friction of the belt on the rollers. The torsion of the TBC belt section from the drive drum to the first
roller support is considered. The cross-section of the belt on the roller support can rotate 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 rollers. The condition for
belt turning is obtained. It is shown that torsion is possible if the torque from uneven loading is greater than the torque
from friction forces, or the coefficient of displacement of the centre of gravity of the load is greater than the coefficient of
friction of the belt on the rollers. The risk of a tubular conveyor belt torsion in a roller support due to uneven loading is
determined. The coefficient of displacement of the centre of gravity of the load and the coefficient of friction of the belt on
the rollers are considered as random variables with normal probability distribution functions. The cases of loading the
belt at 25 % and 75 % of its volume are considered. At a minimum belt load (25 %), the risk of scrolling is 0.01, and if the
load increases by 3 times, the risk of belt torsion in the roller support is 2-105. The article considers the influence of the
coefficient of friction of the belt on the rollers on the risk of its slippage. In cases of watering or icing of the TBC belt, the
value of the coefficient of friction of the belt on the rollers can significantly decrease, and the risk of slippage can in-
crease tenfold. The greatest risk of TBC belt torsion in the roller support occurs when the belt is minimally loaded and
the coefficient of friction of the belt on the rollers decreases, which can occur due to watering or icing of the belt. To en-
sure the minimum risk of TBC belt scrolling on a roller support, it is necessary to ensure its maximum load and the max-
imum possible value of the coefficient of friction of the belt on the rollers.

Keywords: tubular belt conveyor, belt torsion, spillage.

1. Introduction

Tubular belt conveyors (TBC) are a relatively new type of machine for transport-
ing bulk materials, especially environmentally harmful ones. Tubular belt conveyors
are compact and airtight, allowing for optimal solutions to transport large flows of
materials, operating on complex curved tracks, without reloading stations, and with
low production costs. As a fully sealed transport unit, the TBC is a promising solu-
tion for creating environmentally friendly transport systems. The use of TBCs is con-
stantly growing due to the growth of load flows and transport distances. Rather high
capital costs are offset by low operating costs.

The operation of a tubular belt conveyor can be accompanied by the phenomenon
of torsion of the tubular belt of the load-carrying branch, which leads to conveyor
failures and a decrease in its reliability. The phenomenon of torsion of the tubular belt
of the TBC was studied by M.S. Efimov [1], V.G. Dmitriev [2], R.V. Kiriya and G.I.
Larionov [3, 4], etc. These papers consider the influence of various factors on the
value of the belt twist angle, including the unevenness of the belt cross-section load-
ing. M.S. Efimov notes that if a belt twist angle is greater than 20°, then the contact
of the belt edge with the adjacent roller of a six-roller support can lead to the belt
failures [1]. When the belt cross-section is significantly rotated, the bulk load acts on
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the joint of the belt sides, causing their separation, loss of sealing and load spillage.
The probability of a significant of the twist angle of the TBC belt has not been previ-
ously determined.

The aim of this paper is to determine the probability of TBC failures due to belt
torsion and theoretical research of the influence of its parameters on the risk of tubu-
lar belt torsion.

2. Methods

To determine the risk of tubular belt torsion and load spilling in the event of its un-
even loading, it is necessary to have data on its main parameters - tubular belt radius,
distance between roller supports, torsional stiffness of the belt cross-section, bulk den-
sity of the load, as well as data determined by experimental means — permissible twist
angle of the cross-section, coefficient of friction of the belt on the rollers, or in the
course of operation - the coefficient of filling the cross-section of the tubular belt and
the coefficient of displacement of the centre of gravity of the load.

While the main parameters of the belt are specified during the design of the tubu-
lar conveyor and can be considered constant, the coefficient of friction of the belt on
the rollers depends on external conditions and can vary within a fairly wide range,
and the fill factor and the coefficient displacement of centre of gravity the belt cross-
section can only be determined from operational data.

Consider the torsion of the TBC belt section from the drive drum to the first roller
support (Fig. 1).

—
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Figure 1 — Design scheme for torsion of a section of a tubular belt [5]

We assume that the left end of the belt is fixed with respect to angular turns, and
the right end, which is on a roller support, can rotate under the action of torques ap-
plied to it due to the uneven loading of the conveyor and the friction forces of the belt
on the rollers:

M =M,-M,,

where M, is the torque applied to the belt on the first roller support, N-m; M, is the
torque caused by uneven belt loading, N-m; M , is the torque due to the friction force

of the belt on the roller support, N-m.
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Then, according to [6], the twist angle of the cross-section 6, of the belt located
on the first roller support is equal to

91 — Mlls
Gl

p

: (1

where [ is the distance between the roller bearings, m; G/, is the torsional stiffness

of the tubular belt cross-section, N'm?.
To ensure stable operation of the tubular conveyor, the following condition must
be met

0, <[o], 2

where [0] is the permissible twist angle of the belt cross-section, rad.
According to [1], we take [0] = 20°.
Taking into account (1), we obtain

Mlls <[
GI,

p

0]. 3)

Then the condition for the occurrence of spilling

Mlls
Gl [6]. 4)

p

3. Theoretical part
Rotation of the cross-section of a tubular belt is possible if the following condi-
tion is met

M,— M)
—Mlls>0,( ! f)s>0,
GI, Gl,

or else

M, > M,. (5)

In other words, the belt can turn if the torque from uneven loading is greater than
the torque from friction. According to [6], the torque from uneven loading

Ml = kcklﬂ:pglsR3 > (6)
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where k, is the coefficient of displacement of the centre of gravity of the load; %, is
the coefficient of filling the cross-section of the tubular belt; p is the bulk density of
the load, kg/m?; R is the radius of the tubular belt, m; g is the acceleration of gravi-
ty, m/s’.

This torque is counteracted by the torque M ., caused by the friction of the belt

on the rollers:
M, =k frpgl R, (7)

where f is the coefficient of friction of the belt on the rollers.
Substituting (6) and (7) into inequality (5), we obtain

k.kmpgl R >k, fnpgl R,
whence the condition of torsion the belt
k,>f. (8)

Let's determine the risk of a tubular conveyor belt torsion in a roller support due
to uneven loading.

Consider the case of incomplete loading, when the belt is loaded to Y4 of its vol-
ume. In this case, the coefficient of displacement of the centre of gravity of the load
per roller support can be within the following range [6]

0<k,<0.425.

The value of the friction coefficient fis in the range of

0.3< £<0.5.

Both coefficients are considered as random variables with normal probability dis-
tribution functions [7]. The torsion of the belt is characterised by condition (8).
Let us denote

m=f—k
if m > 0, no scrolling will occur.
For all variables, we use the normal distribution law, characterised by two param-
eters — median and variance (k_, f,m;c k>0 s G,)-
We accept
\4 \ \4 \Y
ke=02; f=04;0, =01k.;0,=02f,
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then
vV Vv \Y D 2
m=f-k,=02; 0, =,/c7+c; =0.0825.

Let's introduce the variable u by the formula

o

02
0.0825

u=0-m)/c,, =

The possibility of torsion the belt due to uneven loading
P(m<0)=®>(u),

where ®(u) 1s the normalised function for the normal distribution.

According to Table 1 of the values of the normalised function for the normal dis-
tribution given in [7], we determine ®(-2.42) = 0.01.

The risk of torsion of a tubular conveyor belt loaded to Y4 of its volume with a
shift of the centre of gravity is

risk = ®(-2.42) =0.01.

Table 1 — Values of the normalised function for the normal distribution

u D(u) u D(u)
-3.29 0.0005 0.00 0.50
-3.09 0.0010 0.25 0.60
-2.58 0.0050 0.52 0.70
—2.33 0.0100 0.84 0.80
—-1.96 0.0250 1.28 0.90
—-1.64 0.0500 1.64 0.95
—1.28 0.1000 1.96 0.975
—0.84 0.2000 2.33 0.990
—0.52 0.3000 2.58 0.995
—0.25 0.4000 3.09 0.999

0.00 0.5000 3.29 0.9995

Consider also the case of loading the tubular belt by % of the volume, then ac-
cording to [6], the coefficient of displacement of the centre of gravity of the load per
roller support can vary within

0<k,<0.14.
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We accept

\ Vv

\ \4
ke=0.07; f=04; 0, =0.1k.;0,=02F,
then
vV Vv \Y4 > D
m=f-k.=033; 6, =,/c7 +0; =0.0803;

0.33

- =—4.101.
0.0803

u=0-m)/c,, =

Table 1 shows that ®(-4.101) = 2107,
risk = d(-4.101) = 2-10°.

4. Results and discussion

The greatest risk of spinning occurs when the belt load is minimal. When the tub-
ular belt is loaded to 4 of its volume, the risk of its torsion in the roller support is
0.01, 1.e. torsion can occur on one roller support in a hundred. If the belt load is ¥4 of
its volume, then the risk of torsion in this case is equal to 2-107. Thus, a 3-fold in-
crease in the load of a tubular belt reduces the risk of torsion by 500 times.

Consider the effect of the belt's friction coefficient on the rollers on the risk of
belt torsion when the belt is unevenly loaded. In the most unfavourable case, the belt
is loaded by '4 of its volume, and the load centre of gravity displacement is
0<k,.<0.425. The coefficient of friction of the belt on the rollers in case of water-

ing or icing of the belt may be less than 0.3.
Accept

Vv Vv Vv
0.2; f=0.25; GkC:O.lkC; Gf=0.2f,

vV Vv \4 D 2
m=f-k.=0.05; o, =,07+0c;, =0.0539;

005
0.0539

V
kC
then

=-0.926.

u=0-m)/c,, =

According to Table 1, we determine
risk = @(-0.926) ~ 0.23.

Thus, the risk of torsion of a partially loaded tubular belt scrolling when it is wa-
tered increases by 23 times.
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5. Conclusions

1. The condition for the torsion of a tubular conveyor belt in the case of uneven
loading was obtained, depending on its parameters: belt radius, distance between roll-
er supports, torsional stiffness of the belt cross-section, bulk density of the load, coef-
ficient of friction of the belt on the rollers, and cross-sectional filling factor.

2. The risk of tubular belt torsion at uneven belt loading is determined. The great-
est risk of belt torsion occurs when the belt is minimally loaded and the coefficient of
friction between the belt and the rollers decreases, which can occur due to watering or
icing of the belt.

3. To ensure the minimum risk of the tube conveyor belt torsion on the roller sup-
port, it is necessary to ensure the maximum belt load and the highest possible value
of the coefficient of friction of the belt on the rollers.
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TEOPETUYHI BOCTIIXKEHHA BNJIMBY OCHOBHUX MAPAMETPIB TPYBYACTUX CTPIYKOBUX
KOHBEEPIB HA BEJITMYUHY PU3UKY KPYYEHHA TPYBYACTOI CTPIHYKU
XKueyna T.I., MiweHko T..

AHoTauis. Tpybuactuit cTpiukouit koHBeep (TCK) sik MOBHICTIO repMeTMYHa TPaHCMOPTHA YCTAHOBKA € NEPCreKTy-
BHUM DILLEHHSM NPW CTBOPEHHI EKOMOMNYHO YNCTUX CUCTEM TpaHcnopTyBaHHs. TCK HaHOCATb HaMeHLLy LUKOAY HaBKo-
NLLHBOMY CEpeaoBULLY B NOPIBHSAHHI 3 iHLWIMMK BUAAMW KOHBEEPHOTO TpaHCNOPTY. Ane Yepe3 GinbLu CKnagHi npowec,
wo sigbysatoTbes npu ekcnnyartauii TCK, a came npm pyci Tpy64acToi CTpiuky 3 BaHTaXEM MO PONMKOONOpax, BigMOBM
TCK i ix Hacnigkw cyTTEBO BIAPI3HAKTLCS Bif TUX, LLO XapaKTepHi Ans iHWMX KoHBeepi. Bigmosn TCK MoxyTb cTatucs
BHACTIZOK MPOKPY4yBaHHs TPyBUACTOi CTPIUKK, LLO NPU3BOAUTL OO NUMIHHS | MPOCUMY BaHTaXy. PU3nK Npokpy4yyBaHHS
ctpiukn TCK 3anexutb Big ii napameTpis: pagiyca Tpy64acToi CTpivky, BiCTaHi MiX pOMKOONOpamM, XOPCTKOCTI nepe-
TUHY CTPIYKW, HACUMHOI LiNbHOCTI BaHTaXy, HEPIBHOMIPHOCTI 3aBaHTaXeHHs CTPiYKM, koedilieHTa TepTs CTpivkm 06
ponvkn. PosrnsHyTo kpyyeHHs ginsHku cTpivkm TCK Big npueogHoro 6apabara 4o nepoi ponukoonopw. INepepia cTpi-
UKW, L0 3HAXOOMUTLCS Ha POMMKOOMNOPI, MOXe NOBEpTaTUCA Mid A€o NPUKNaAEHUX L0 HbOrO KPYTUIBHUX MOMEHTIB, 3y-
MOBIEHMX HEPIBHOMIPHICTIO 3aBaHTaXEHHSI KOHBEEPa i cunamm Tepts cTpivkin 06 ponukn. OTpUMaHo ymMOBY MOBOPOTY
CTpiuKK. [okasaHo, Lo NOBOPOT MOXIMBUIA, SKLLO KPYTUMbHUA MOMEHT Bif HEPIBHOMIPHOMO 3aBaHTaXeHHs binbLue Kpy-
TUNBHOTO MOMEHTY Bif Cun TepTs, abo KoeqilieHT 3MilLeHHs LIEHTPY Baru BaHTaxy Ginblue koedilieHTa TepTs CTPiyKu
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00 ponukn. BusHayeHo puank NpoKpyYyBaHHSA CTPIUKK TPpy64acToro KoHBeepa B PONMKOONOpI, 3yMOBIIEHOTO HEPIBHOMIp-
HiCTI0 ii 3aBaHTaxeHHs. KoedillieHT 3MilLEeHHS LIEHTPY Baru BaHTaxy i koedillieHT TepTs CTpivkm 06 ponuku posrnsaa-
0TbCS SIK BUMAZKOBI BEMWYMHM, WO MalTb HOpMasbHi (YHKLT po3noginy iMoBipHOCTI. Po3rnsHyTO BUNagku 3aBaHTa-
XEHHS CTPiuKkM Ha 25% Ta 75% ii 06’emy. Mpun MiHiManbHOMY 3aBaHTaXeHHI CTPIuKM (25%) pu3nK NPOKpyYyBaHHS 4OpIB-
Hioe 0,01, a SKWO 3aBaHTaXeHHs 30inblyeTbCa B 3 pasn, TO PU3KMK MPOKPYYyBaHHS CTPIUKM B PONMKOONOPI AOPIBHIOE
2105, Po3rnsiHyTO BNANB KOEQiLieHTy TepTs CTpiukn 06 ponuKuM Ha puauK Ti NPOKpyYyBaHHs. Y Bunagkax 06BOAHEHHS
abo 3aneneHiHHa cTpidkn TCK 3HaueHHs KoedilieHTy TepTS CTPIYKM 0B PONMKM MOXe 3Ha4HO 3HU3UTUCH, @ PU3NK NPO-
Kpy4yBaHHS 30inbWNTUCE B AECATKW padiB. Haibinblwmit puank npokpyyyBaHHs cTpidki TCK B ponmkoonopi BUHKKaE npu
MiHIManbHOMY i 3aBaHTaXeEHHi Ta 3HWKEHHI 3HaYeHHs koedilieHTa TepTsa CTpiukKM 00 PONMKM, SiKe MOXe CTaTUCS BHa-
cninok 06BoaHEHHS abo 3aneneHiHHS cTpidku. [ns 3abe3neyeHHst MiHIManbHOrO pU3nKy MpoKpydyBaHHs CTpidkn TCK
Ha ponmkoonopi HeobxigHO 3abe3neynTin MakcUManbHe ii 3aBaHTAXEHHS, Ta MAKCUMarbHO MOXMBE 3HAYEHHS KoediLli-
€HTa TEPTS CTPiYKM 06 ponuKu.
KntovoBi cnoBa: Tpy6uacTuin CTpiuKOBUIA KOHBEED, KPYYEHHS CTPIYKMW, MPOCUI BaHTaxXy.



