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Abstract. Tubular belt conveyors have been increasingly used in various industries for moving long distances of
bulk load. The advantages of this type of conveyors, compared with belt conveyors of traditional design, include the
possibility of transporting fine and hazardous materials along complex curvilinear routes without transfer stations,
excluding their spillage and dusting. The belt of a tubular conveyor must meet specific requirements — possessing
increased elasticity and flexibility to stably maintain the shape of the pipe, to withstand considerable loads at loading and
unloading points. In order to choose a tape that meets these requirements, it is necessary to investigate the dynamic
processes that occur in a tubular belt with a load during its movement. The tubular belt, when moving along the rollers of
conveyor, makes transverse and torsional vibrations. The main danger is torsional vibrations, which are not limited by
anything, and are excited due to the torques that occur when the belt is rolled into a pipe, when the conveyor belt is bent,
when the support rollers are skewed, and when the belt is unevenly loaded. In the study of the torsion of a tubular
conveyor belt on a straight section of the route the maximum twist angle of the tubular conveyor belt under the action of
a time constant moment was determined. Also investigated the torsional vibrations of a tubular belt under the action of a
suddenly applied moment. Studies of the torsional vibrations of the tubular belt showed that the torque applied suddenly
to the cross section of the tape causes the section to rotate by an angle twice as large as in the case of static loading
with the same moment. Relations have been obtained to determine the basic parameters of the tubular belt, which will
exclude the possibility of a significant rotation of the cross section of the tape and the load spilling. The determining
parameter for torsional vibrations of a tubular belt is the torsional rigidity of its section Gl,. The shear modulus of the
conveyor belt G is small; the polar moment of inertia /, for a section in the form of a cut ring is also small. Therefore,
even small external torque loads can cause significant angular rotations of the section of the tubular belt. When choosing
the belt material and the shape of its cross section, it is desirable that the shear modulus of the tape material and the
polar moment of inertia of the cross section have as large values as possible.
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Recently, tubular belt conveyors (BTC) have been increasingly used in various
industries for moving long distances of bulk load.

The advantages of this type of conveyors, compared with belt conveyors of
traditional design, include the possibility of transporting fine and hazardous materials
along complex curvilinear routes without transfer stations, excluding their spillage
and dusting. The main disadvantage of BTC is the use of an special belt, the cost of
which is commensurate with the cost of the entire conveyor.

Belt tubular conveyors with the use of special belt are manufactured by Fhoenix
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and Koch (Germany), Metco (Finland), Sicon (Sweden). Rather high capital costs for
the manufacture of BTC are offset by low operating costs. The world operating
experience of BTC showed that the cost of transporting a unit of load is significantly
lower than that of other transport means.

The belt of a tubular conveyor must meet specific requirements — possessing
increased elasticity and flexibility to stably maintain the shape of the pipe, to
withstand considerable loads at loading and unloading points. In order to choose a
belt that meets these requirements, it is necessary to investigate the dynamic
processes that occur in a tubular belt with a load during its movement.

The tubular belt, when moving along the rollers of conveyor, makes transverse
and torsional vibrations. The main danger is torsional vibrations, which are not
limited by anything, and are excited due to the torques that occur when the belt is
rolled into a pipe, when the conveyor belt is bent, when the support rollers are
skewed, and when the belt is unevenly loaded.

These moments can cause a significant angular rotation of the belt, and,
consequently, the rotation of its overlapped edges, with the possible divergence of the
edges, loss of stability of the internal volume, spillage of load, dusting. Preventing the
rotation of the tubular part of the belt is an important task.

A significant amount of research on the dynamics of tubular conveyors over the
past 10 years has been performed at Moscow State Mining University (Russia) by
V.Il. Galkin, V.G. Dmitriev, N.V. Sergeeva, A.P. Egorov, l.Yu. Ivanov,
M. S. Efimov and etc.

These studies are devoted to the vertical and angular oscillations of the tubular
belt, the determination of the critical speeds of movement of the conveyor and the
resistance forces moving to along the roller belt [1-3]. Although the amount of
research has been done extensively, many important issues of BTC dynamics have
not been studied.

In [1], it is noted that in order for the performance of a tubular conveyor belt to be
close to that of a conveyor with a grooved belt, the speed of an BTC belt must be of
the order of 8 m/s, which may lead to an increase in the resistance forces to the
movement of the belt. In order to study the vertical and rotational oscillations of the
tape, the corresponding equations were compiled and formulas for the critical
velocities and forces of resistance to the movement of the belt were obtained on their
basis.

In article [2], rotational oscillations of a tubular belt are investigated for the case
when the conveyor route has a bend. Various ways of turning the route are
considered, expressions for the torques acting on the tubular belt are obtained, the
case of the loss of the tightness of the belt caused by the torque is analyzed.

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

The total twist angle along x, measured from the terminated end, is determined by
the integral
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where Gl, is the stiffness of the section during torsion, N-m?,
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Figure 1 — Design scheme for torsion of a tubular rod
If the section stiffness Gl, is constant throughout the integration area, then
Mx
0=——. (2)
Gl

As can be seen from formula (2), as the distance from the fixed end increases, the
twist angle increases linearly. The maximum twist angle is obtained at the end of the
rod (x =1)

MI
emax = . (3)

Formula (3) determines the maximum twist angle of the tubular conveyor belt on
the straight part of the route under the action of a time constant moment, which may
be due to skewed roller, uneven loading of the belt, etc. Of interest is the study of
dynamic phenomena that occur in a tubular belt under the action of a variable in time
torque load.

In the study of torsional vibrations of a tubular belt, we represent it in the form of
a uniform elastic rod, which is under the action of a moment load intensity Q(x,t)

[4]. The differential equation of torsional vibrations of the rod has the form:

_9%0 0 00
IF—&[GIP&}—Q(XJ), (4)
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where 6(x,t) — the angle of rotation of the cross section of the rod x at time t, ra; G —
shear modulus, N/m?; I, — equatorial moment of cross section, m*; I — linear moment
of inertia about the axis of the rod, N-s.

Consider the case of a twisting blow, i.e. the case when the moment M is suddenly
applied to the free end of the rod at the initial moment of time.

Then equation (4) takes the form:

2 2
r%—Glp%:Mﬁl(X—l)Go(t), (5)
X

where oy(t) — single function; o1(x-I) — impulse function of the first order.
It is necessary to find a particular solution of this equation under boundary

conditions
0(0,t) =0, (@) =0
X x=I

and under initial conditions

0(x,0) =6(x,0) =0.

We are looking for a solution in the form of decomposition by proper forms of
free torsional vibrations of a rod with one rigidly fixed and one free end

0(x,t) = D Ty () (X),

k=1

where @ (x) =sin a, x — proper forms;

2M sin a, |
lpg

2k -1 Gl
ag = ) T, Py =ag T , (k=1,2,3,...).

The final solution sought is

T (1) = (1-cos pyt);

=, sin a, | sin ay x

8MI Z

o(x,t) = 5 5
n°Gly k=1 (2k-1)

(1—cos pit). (6)

Putting x = I, we find the angle of rotation of the end of the rod
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8MI & 1-cos pit

o(l,t) = 3

n°Glp ka1 (2k-1)?

The maximum angle of rotation of the rod end we get at cos p,t=-1

(7)

emax =

16MlI 1 1 2MI
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n°Gl, \ 3% 5 Glp
The maximum angle of rotation of the rod end from a suddenly applied moment
turns out to be twice the angle of rotation from the same magnitude of the constantly
acting moment.
Let [06] be the permissible angle of rotation of the end of the tubular belt, that is,

an angle at which no divergence of the sides of the belt and the spilling of the load
will occur. Then the condition must be met:

2IM
Omax <[6] or m <[e]. (8)

Determining the value of [0] and estimating the moment applied to the end of the
belt, you can pick up the belt, the basic parameters of which satisfy the last
inequality, which will make it possible to eliminate the divergence of the sides of the
tubular belt and the load spilling at a sudden application of torque.

The torsional stiffness of the tubular belt Gl, depends on the physical properties of
the belt material (shear modulus G) and the geometric characteristics of its cross
section (the polar moment of inertia of the cross section I,). The polar moments of
inertia of the sections of solid and cut round thin pipes are determined by the formulas:

po =5, (@ ~d); ©)
00 =g(d ~hyh®, (10)

where I, l,, — polar moments of inertia of solid and cut pipes, respectively, m*; d, do—
external and internal pipe diameters, respectively, m; h — pipe wall thickness, m
According to (8), (9) and (10), the twisting angles of whole e, and cut 0, pipes of

the same size, which are under the action of equal torques, are equal to:
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For real BTC, the ratio of pipe diameter to wall thickness d/h > 20. For such
conveyors, the twisting angle of the cut pipe is 270 times greater than that of a solid
pipe with the same torque. The above example confirms the advantage of a tubular belt
of a closed profile compared with a tubular belt of an open profile when working in
torsion.

We consider BTC, the tubular belt of which is formed by rolling the flat belt into
the pipe, that is, the profile of the tubular belt of the conveyor has the form of a ring
with a cut. Therefore, in further calculations, we determine the polar moment of
inertia of the cross section of the belt using formula (10) and the angle of rotation of
the cross section using formula (12). From formulas (8) and (12) we determine the
value of the moment from which the angle of rotation of the cross section does not
exceed the permissible value.

v < [oIn(d — hh3G |

6l (13)

In article [3] it is noted that for BTC with six-rollers supports, when the angle of
deviation of the belt is more than 20 °, the edge of the belt will come in contact with
the adjacent roller, which will lead to increased belt wear and other undesirable
phenomena. Based on this, we accept [0]=n/9, then the relation (13) takes the form

3 n?(d -h)h3G
N 541 '

M

(14)

Substituting in (14) the parameters of a specific belt , we can determine the limit
value of a suddenly applied torque, which does not lead to a significant rotation of the
belt.

Conclusions

1. Studies of the torsional vibrations of the BTC tubular belt showed that the
torque applied suddenly to the cross section of the belt causes the section to rotate by
an angle twice as large as in the case of static loading with the same moment.
Relations have been obtained to determine the basic parameters of the tubular belt,
which will exclude the possibility of a significant rotation of the cross section of the
belt and the load spilling.

2. The determining parameter for torsional vibrations of a tubular belt is the
torsional rigidity of its section Gl,. The shear modulus of the conveyor belt G is
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small; the polar moment of inertia I, for a section in the form of a cut ring is also
small. Therefore, even small external torque loads can cause significant angular
rotations of the section of the tubular belt. When choosing the belt material and the
shape of its cross section, it is desirable that the shear modulus of the belt material
and the polar moment of inertia of the cross section have as large values as possible.
Solid tubular belt is hundreds of times more stable under the action of torques than
cut. If this is permissible, it is advisable to use a BTC with a solid tubular belt.
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AHorauis. CtpiukoBi Tpyb6uacTi KOHBEEPU BCe YaCTille 3aCTOCOBYIOTLCA AMNS NEPEMILLIEHHS HACUMHUX BaHTaXIB Ha
Benwki BigcTaHi. [o nepesar LbOro TUny KOHBEEPIB, B NOPIBHSIHHI 3 CTPIYKOBUMMW KOHBEEPAMM TPAAMLINHOI KOHCTPYKLT,
BIiJHOCUTBLCH MOXMNMBICTb TPAHCMOPTYBaHHA APiBHOANCNIEPCHUX | LLKIANMBUX MaTepianis no CKNagHUM KPUBORIHIAHWM
Tpacam 0e3 mepeBaHTaXyBanbHWX CTaHLiM, BUKMKOYaOuM ix mpocun i 3anuneHHs. CTpiyka Tpybuactoro koHeeepa
MOBMHHA BIANOBIgATM cneundiYHNM BUMOraM — BOMOAIKYM MIOBMLLEHOK  eNaCTUYHICTIO | THYYKiCTHO CTabinbHO
nigTpumyBaT ¢opmy Tpybu, BUTPUMYBATW 3HAYHI HABAHTAXKEHHS B MYHKTAX 3aBaHTAXEHHS | pO3BaHTaXeHHS. [1ns Toro
wob nigibpatn cTpiuky, WO BigNoBiAae UMM BUMOram, HeoBXigHO LOCRIAMTW AMHAMIYHI MPOLECH, L0 BUHWKAKOTL B
TpybYacTii CTpiyLi 3 BaHTaxeM npu ii pyci no cTaBy koHBeepa. TpybyacTta CTpiuku Npu pyci N0 ponmkoonopam KoHBeepa
3AINCHIOE NoMepeyHi i KpyTUMbHI konuBaHHA. OCHOBHY Hebe3neky npeacTaBnsitoTb KPYTUMBHI KOMMBAHHS, SIKi HiYMM He
obMexeHi | 30ymKyTbCA 3a paxyHOK 06epTalyoro MOMEHTY, L0 BUHUKAE NPW 3ropTaHHi CTpiuku B TPy6Y, NpW BUrMHI
Tpacu KoHBeepa, Npu NEPEKOC NIATPUMYBANbHWUX POTUKIB, NPX HEPIBHOMIPHOMY 3aBaHTaXeHi CTpiYkK. [pu SOCHiLKEHHI
KpYTiHHS TPYBYACTOI KOHBEEPHOT CTPIYKM HA NPAMORIHINHINA AiNSHLI TPACK BUSHAYEHWUIA MaKCUMaTbHUIA KYT 3aKpy4yBaHHS
Tpy64acToi CTpiukM KOHBEEPA Npu Aii MOCTIMHOMO B Yaci MOMEHTY. Takox AOCHImKEHi KPYTUMbHI KONMBaHHS TpyByacTol
CTpiYKM Mg Aieto panToBO NPUKIAAEHOr0 MOMEHTY. [JOCTigXXEeHHS KpYTUIbHUX KONBaHb TPY6UacTOi KOHBEEPHOI CTPIUKM
nokasasnu, Lo KpyTSYMA MOMEHT, L0 panToBO NPUKNaAeHN Lo NePEeTUHY CTPIYKKX, BUKIIMKAE MOBOPOT NEPETUHY Ha KyT B
ABa pa3un Binblumit, HX B pasi CTAaTUMHOTO HABAHTAXEHHS TakuM e MOMEeHTOM. OTpUMaHO ChiBBIQHOLWEHHS [Ans
BM3HAYEHHS1 OCHOBHUX MapameTpiB TPy64acTol CTPIYKM, WO BUKMKOYAIOTb MOXIMUBICTL 3HAYHOrO MOBOPOTY NEPETUHY
CTpiYKM i npocuny BaHTaxy. BusHayanbHUM napameTpoM Ans KPYTUAbHWUX KONMBaHb TPy64acToi CTPiYKM € KpyTumbHa
XOPCTKICTb ii nepeTuHy Glp. Moaynb 3cyBYy KOHBEEPHOI CTPIYKM G Manui, NONSPHUA MOMEHT iHepLil [, ANs NepeTuHy y
BUIMSAAI PO3PI3aHOro KiNbLs TakoX Manuit. TOMy HaBiTb HEBENWKI 30BHILUHI MOMEHTHI HABAHTAXXEHHS MOXYTb BU3BATM
3HaYHi KyTOBi MOBOPOTW NepeTuHy TpybuacToi cTpiuku. Mpu BuGOpi MaTepiany CTpiukyi i hopmu ii nepeTuHy BaxaHo,
o6 mogynb 3CyBy Matepiany CTPiUku i NONSPHUIA MOMEHT iHepLii NepeTuHy Manu sikomora BinbLui 3Ha4eHHs.
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KntoyoBi cnoBa: cTpiukoBui Tpy64acTuii KOHBEEP, KPYTUMbHI KOMIMBAHHS CTPIYKK, KPYTAYMA MOMEHT, KpyTUIbHA
XOPCTKICTb NEPETUHY CTPIYKM.

AHHoTauus. JleHTouHble Tpy6YaThie KOHBEEPbI BCE Yalle MPUMEHSIOTCS ANS NepeMeLLeHUs HacbIMHbIX rPY30B Ha
Bonblume pacctosHus. K npenmyliectBam 3TOr0 Tuna KOHBEMEPOB, MO CPABHEHWKO C JIEHTOYHbIMM KOHBENEpamm
TPaAMLMOHHOM KOHCTPYKLMW, OTHOCUTCS BO3MOXHOCTb TPAHCMOPTUPOBaHUS MENKOAMCTIEPCHBIX M BPeAHbIX MaTepuanos
No CNOXHbIM KPUBOMMHEMHBIM Tpaccam 6e3 neperpysoyHbiX CTaHUWA, WCKMKYas MX Npocbinb U MbineHue. JleHTa
Tpy64aToro KoHBeiepa [OMKHa OTBevaTh cneuynuduyeckum TpeboBaHuaM — obnagas NoBbILEHHOW 3MaCTUYHOCTBIO U
rMBKOCTbIO CTabunbHO NoaaepxuBaTh opMy Tpybbl, BblAEpXMBATb 3HAYNTENbHbIE HArpy3K B MyHKTaX 3arpysku u
BbIrpy3ki. [ns Toro ytobbl nogobpatb MeHTy, OTBevarowyl 3Tum TpeboBaHWsM, HeobXOAMMO uccrnefoBaTh
AVHaMUYecKne MPOLeCcChl, BO3HMKaLMe B Tpy64aToW NeHTe C rpy3oM Mpu ee [ABWXKEHWW MO CTaBy KOHBeWepa.
TpybuaTas neHTa npu ABWXEHUM MO POMKOONOpPaM KOHBEVepa COBEPLUAET NonepeyHble U KpyTUrbHble KornebaHus.
OCHOBHyI0 ONACHOCTb MPEACTaBMAKT KPYTUNbHbIE konebaHus, KOTOpble HUYEM He OrpaHMueHbl, 1 Bo3DyxaalTcs 3a
CYET KPYTALUMX MOMEHTOB, BO3HMKAOLLMX MPW CBEPTbIBAHUM NeHTbl B TpyBy, npu u3rbe Tpacchl KOHBenepa, npu
nepekoce NOAAEPKMBAIOLLMX PONUKOB, MPW HEPABHOMEPHOI 3arpy3ske neHTbl. Mpn uccnefoBaHum KpyyeHns Tpybyaton
KOHBEMEPHO NEHTbI Ha MPAMOMMHENHOM y4acTKe Tpacchl ONpeaeneH MakcumarbHbIA Yron 3akpyyunBaHus Tpybuaton
NeHTbl KOHBeMepa npu AeCTBAM NOCTOSHHOrO BO BPEMEHW MOMEHTA. Takke WCcrenoBaHbl KpyTUMbHble konebaHus
Tpy64aToOM NEHTbl NOA AEWCTBMEM BHE3aNHO NPUSIOXEHHOW MOMEHTHOWM Harpysku. MccnenoBaHust KpyTUMbHbIX
konebaHuit Tpyb64aTo KOHBEMEPHOW NEHTbI MOKa3amu, YTO KPYTALWMA MOMEHT, BHE3AMHO NMPUINOXKEHHLIA K CEYEHMIO
NEHTbI, BbI3bIBAET NOBOPOT CEYEHUSI HA Yron B Ba pa3a bonbLunit, YeM B Crly4ae CTaTUYECKOrO HarpyXeHust Takum xe
MOMEHTOM. [lonyyeHbl COOTHOLIEHUS ANs OnpeaeNieHns OCHOBHbIX MapameTpoB Tpy64aTor NeHTbI, KOTOpbIe UCKIoYaT
BO3MOXHOCTb 3HAUMTENBHOTO MOBOPOTA CEYEHWUS! MEHTbl M Npockinu rpysa. OnpedensowmuM napameTpoMm Ans
KpYTUNbHBIX KonebaHuii Tpyb4aTon NeHTbl SBMSETCA KpyTuibHas XecTkocTb ee ceveHus Gl,. Moaynb caswra
KOHBENEepHOW NeHTbl G Man, NOMsIPHbIA MOMEHT MHEpLUMK |, ANS CeYeHUs B BULE pPa3pes3aHHoro konbla Takke mar.
Moatomy faxe HebomnbluMe BHELLHE MOMEHTHbIE Harpy3kit MOTYT BbI3BaTb 3HAYNTENbHbIE YTIIOBbIE NOBOPOTHI CEYEHMS
Tpy64aTon neHtbl. Mpu BbibOpe MaTepuana neHTbl U (POPMbl €e CeYeHust KenaTenbHo, 4Tobbl MOAyNb caBura
MaTtepuana neHTbl U NONSPHbIA MOMEHT MHEPLIMM CEYEHWS IMENM Kak MOXHO 60nbLUMe 3HaYeHMs.

KnioyeBble cnoBa: NEHTOYHbIA TpybuaThil KOHBENEP, KPYTUMbHble KonebaHWs NEeHTbl, KPYTALWMA MOMEHT,
KPYTUNbHAS KECTKOCTb CEYEHWS NIEHTBI.
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