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Abstract. Conveyor framework with roller support is an important part of a belt conveyor, the technical condition of
which determines the reliability of the conveyor as a whole. Reliability of the framework is determined by the reliability of
the rollers of the roller supports, as the reliability of the supporting metal structures is much higher. An important indicator
for assessing the reliability of a roller is its term of service, depending on the type, parameters of roller supports and
operating conditions. The paper is proved to one of the important conveyer transport system task — to dynamic factor
and roller’s term of service (TS) determination. The task solving permit to evaluate the different designs belt conveyers
reliable. The article represent the tasks of belt conveyers roller's average TS determination were set and solved for the
different types of roller supports. Dynamic efforts arised with the loading motion and caused with belt bend are principal
factor for the calculation of TS rollers. The graph of dependence roller's average TS from belt velocity for different roller’s
types were obtained. The service life of the conveyor rollers depends on the linear load, the parameters of the conveyor,
the composition of the transported load and the type and parameters of the roller support. At the same time, with an
increase in the speed of the conveyor belt for the considered types of rollers, the average term of service of the rollers
decreases. When the belt speed changes to certain values, the service life of the rollers for hard roller supports is
somewhat higher than for overheard roller supports, and the term of service of rollers for damping roller supports is
somewhat higher than for damping overhead roller supports. At the same time, the term of service for damping overhead
and damping roller supports is significantly higher than for hard and overhead. In addition, when the belt speeds are
higher than some values for all considered types of roller supports, the roller's term of service can sharply decrease due
to the appearance of resonant phenomena associated with belt vibrations during the movement of pieces of large
fractions. Achieved results may be applied in mining, metallurgical and building industry.
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Conveyor framework with roller support is an important part of a belt conveyor,
the technical condition of which determines the reliability of the conveyor as a whole.

Reliability of the framework is determined by the reliability of the rollers of the
roller supports, as the reliability of the supporting metal structures is much higher.

An important indicator for assessing the reliability of a roller is its term of service,
depending on the type, parameters of roller supports and operating conditions.

The task of determining the term of service of belt conveyor rollers was studied
by L. H. Shakhmeister, V. H. Dmitriev, V. F. Monastyrsky, A. |. Dodatko and other
researchers. Their works showed that the main cause of roller failure is the failure of
the bearing unit, the loads on the rollers during transportation of the rock mass are
determined and, on the basis of this, formulas for calculating their term of service are
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proposed. When this load on the bearings of the rollers, arising from large pieces of
load, not considered accurately enough.

In [1, 2], formulas are proposed for calculating the average term of service of belt
conveyor roller bearings. However, when describing the load on the roller bearing,
the authors did not take into account the dynamic forces arising from the movement
of the load on the conveyor belt and due to the bending of the belt.

Analysis of the failures of the belt conveyor framework showed that the main
reasons for the failure of the rollers are increased radial clearance in the bearing due
to abrasive wear and fatigue failure of bearing elements from the effects of dynamic
loads [3]. Therefore, the term of service of one roller is determined by the term of
service of the bearings.

The purpose of this work is to determine the term of service of belt conveyor
rollers for various types of roller supports.

The durability or 90 % service life of rolling bearings Loy, measured in hours, is

determined according to [3]:
p 6
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Log =| =2 | -—K,, 1
09 [ij som "0 1)

where C, is the dynamic load capacity, N, (the load at which the durability is 1
million revolutions, this value for each particular bearing is selected from the
directory); Py, is the equivalent dynamic load on the roller bearing, N; n is the bearing
rotation frequency, 1/s; p is the power index (p = 3 for ball bearings and p = 10/3 for
roller bearings); and k, is the coefficient taking into account the operating conditions.

The average term of service of the bearing, according to [4], is determined from
the ratio

ta = 408L09 (2)
The frequency of rotation n is determined by the formula:
27r

where vy, is the speed of the conveyor belt, m/s; r is roller radius, m.

In our case, the roller bearing unit is loaded with a load flow, with a radial and axial
load on the bearing. The axial load on the bearing is neglected, because the impact of
the load on the bearing is transmitted through the metal cup and the share of the axial
component is small. Therefore, radial and radial thrust bearings are used in the rollers
of the considered conveyors. For ball radial and radial thrust bearings, as well as roller
radial thrust bearings, the dynamic radial load is calculated using the formula [5]:

Pm:V KthFr,

where F, is the radial load on the bearing; V is the coefficient of rotation (when the
outer ring of the bearing rotates with respect to the load V = 1.2); K; is the
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temperature coefficient chosen from the tables [5] (in our case K; = 1); and K is the
safety factor chosen from the tables [5] (in our case, we assume K = 1, since the
influence of the nature of the load on the bearing is taken into account when
calculating F,).

On this basis, the total dynamic radial load on the roller bearing is:

Pm=1.2F,, 4)

The radial load on the bearing F, can be represented as the average load on the
bearing:

Fr =2 MIX(O)] ©)
where M[x(t)] is the mathematical expectation of the load on the central roller of the
roller support; and x(t) is a random function of the load on the roller support.

In [6], a statistical model of the load flow is presented, which is considered as a
small fraction and large pieces located in it.
According to this work, M[x(t)] is determined by the formula

M[x(t)] =053 gkaitiQR: +ayly . (6)

where P;is the weight fractions of pieces of the i-th fraction in the total weight of the
load delivered to the conveyor; Q is the conveyor capacity, kg/s; kg is the coefficient
of dynamism in the interaction of a piece of load i-th fraction with roller; I, is the
distance between rollers (pitch rollers), m; 1, is the time of interaction of a large piece
of load with roller, s; q, is the linear load on the bearing unit, N/m; g is the
gravitational acceleration, m/s%; and s is the number of fractions.
A large piece interacts with the roller for two spans between the rollers, therefore,

7, is defined as
— 2l

Vp .

(7)

T

Load q, taking into account the uneven load on the side and middle rollers is
determined by the formula [7]

o =0.7k§ -(9s + ap) + g5, (8)

where (s is the linear load on the belt from the small fractions (i.e., with the exception
of the percentage of large fractions considered separately), N/m; g, is the linear
weight of the belt, N/m; g, is the weight of the rotating parts of the roller, N; and kj

Is the coefficient of dynamism in the interaction of the small-sized fraction with the
roller support.
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In formula (8), the coefficient 0.7 takes into account the part of the load perceived
by my middle roller.
The dynamic factor kj accordant [8] is determined on a formula

2
Kj=1+%0. 94
‘ +g (Sb_qu/g)

where g = Qs + Qy; and Sy, is tension of the belt, N.
The conveyor capacity Q, according to [1], is determined by the formula

gt Vp

Q:—! (9)
g

where gy is the unit weight of load, including small and large fractions, N/m.

When determining the load on the roller, pieces of those fractions are taken into
account, for which the average distance between the pieces [; is greater than the
distance between the roller supports I, (I; >l;), that is, it is assumed that at the moment
only one large piece interacts with the roller support.

From the formula (6) it can be seen that the average load on the roller of the roller
supports depends on the dynamic factor kg when interacting with a piece of each
fraction and the composition of the transported load. As studies have shown [8], Kqi
depends on the design of the roller and the parameters of the conveyor.

Substituting (4) into (1), taking into account (5) — (9), and then substituting the
resulting expression for the resource Lqg into (2), we finally determine the average term
of service of the bearing.

The analysis showed that the term of service of the conveyor rollers depends on the
linear load, the parameters of the conveyor, the composition of the transported load and
the type and parameters of the roller conveyor.

Figures 1 and 2 show the dependences of the roller t, average term of service on
the belt speed v, for two types of rollers: on a hard framework (hard rollers) (Fig. 1)
and overhead on a cable framework (overhead roller supports) (Fig. 2). For
comparison, the selected rollers with a diameter of 133 mm (r = 0.0665 m), used in
type 1L100K conveyors. In these rollers bearings Ne 304 are used. In this case, the
conveyor parameters were taken as follows: belt tension S, = 20000 N, linear weight
of load g; = 1500 N/m, roller pitch I, = 1 m, cable tension S. = 30000 N.

The dynamic load capacity C, for bearing Ne 304 was selected from tables [5]. For
this bearing, C, = 5500 N. The weight fractions of pieces of the i-th fraction P; were
taken from table 1 [6]. Also from this table, the values of the average distance
between the middle of the pieces of the i-th fraction li were chosen.

Figures 1 and 2 show that with an increase in the speed of the conveyor belt for
hard and overhead roller supports, the average term of service of the rollers
decreases. The value of the average term of service of the rollers in the range of
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change of the speed of the conveyor 0<v,<3 m/s for hard roller supports is slightly
higher than the term of service of rollers for overhead rollers.
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Figure 1 — Graph of the average term of service of the roller on conveyor belt
speed for hard roller supports
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Figure 2 — Graph of the average term of service of the roller from the speed
of the conveyor belt for overhead roller supports on a cable framework

In addition, from Figures 1 and 2, it can be seen that for hard and overhead roller
supports, as the belt speed approaches the value of 2.65 m/s, the average roller resource
decreases sharply. This is due to the fact that for these rollers, when moving pieces of
load of the largest fraction together with the conveyor belt with this speed, a resonance
of the belt causes a resonance at which the dynamic force on the roller rises sharply.

Figures 3 and 4 show the dependences of the average term of service of the roller
on the belt speed for the damping (Fig. 3) and damping overhead (Fig. 4) roller-
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supports with the same conveyor parameters as for the previous types of roller-
bearings. The stiffness of the shock absorbers took the value of ¢ = 20000 N/m?. From
these figures it is seen that, as in the previous case, with increasing belt speed, the
roller's term of service decreases. At the same time, the term of service for the damping
roller supports is more than for damping overhead by 3 %. In addition, these figures
show that for certain values of belt speeds (v, >2 m/s), the service life of the rollers
sharply decreases. It is also associated with the phenomenon of resonances as a result
of oscillations of the belt when moving pieces of load of large fractions.
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Figure 3 — Graph of the average term of service of the roller from
conveyor belt speed for damping roller supports
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Figure 4 — Graph of the average term of service of the roller on the conveyor belt speed
for overhead roller supports on a cable framework with damping suspensions
(for overhead damping roller supports)

The service life of the conveyor rollers depends on the linear load, the parameters
of the conveyor, the composition of the transported load and the type and parameters
of the roller support. At the same time, with an increase in the speed of the conveyor
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belt for the considered types of rollers, the average term of service of the rollers
decreases. When the belt speed changes to certain values, the service life of the
rollers for hard roller supports is somewhat higher than for overheard roller supports,
and the term of service of rollers for damping roller supports is somewhat higher than
for damping overhead roller supports.

At the same time, the term of service for damping overhead and damping roller
supports is significantly higher than for hard and overhead. In addition, when the belt
speeds are higher than some values for all considered types of roller supports, the
roller's term of service can sharply decrease due to the appearance of resonant
phenomena associated with belt vibrations during the movement of pieces of large
fractions.
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AHorauis. CtaB KOHBeepa 3 porMKoONopamMy - BaXnnBa YacTiHA CTPIYKOBOrO KOHBEEPA, Bif, TEXHIYHOTO CTaHy SIKOi
3anexuTb HagiMHICTb KOHBeepa B Linomy. HapginHicTb cTaBa BU3HAYaeTbC HALIMHICTIO PONMKIB POMNMKOONOP, Tak fK
HaZiMHICTb HEeCy4nx MEeTanOKOHCTPYKLA Ha NopsAgoK Bulle. BaxnueBuM NOKa3HWKOM 4719 OLiHKM HaZiMHOCTI ponuka €
1I0ro TepMiH cnyxdu, WO 3anexuTb Big TMMy, NapameTpiB poNMKOONOp i yMOB eKcnnyaTaLii. Y AaHii cTaTTi nocTaBneHa i
BMpilLEHA 3ajayva BW3HAYEHHSI CEpeaHbOro TepMiHy CnyxOu pOnWKIB CTPIYKOBOTO KOHBEEpa AMNS PisHMX TUNiB
POMKOOMOP: XKOPCTKWX, HA KaHAaTHOMY CTaBi, NiABICHWX | aMOPTM30BaHWX. BupilueHHs Liei 3agavi 403BONSE AaTH OLHKY
HafiHOCTI CcTaBa CTPIYKOBUX KOHBEEPIB, @ TaKOX MPOrHO3yBaTW TEXHIYHWI PE3epB POMMKIB i CUCTEMY NMaHOBUX
PEMOHTIB. Y faHiin poboTi BU3HAYEHO KOEQILliEHT ANHAMIYHOCTI | 3aNPONOHOBAHO PO3PaxyHOK TEPMIHY CryOu ponukis 3
ypaxyBaHHAM AMHaMIYHUX 3yCuMb, LIO BMHWKAKTb MPW PyCi BaHTaXy Mo CTaBy KOHBeepa i 0BYMOBMEHMX BUMMHOM
CTpivkyn, nobygoBaHi rpadiiki 3aNexHOCTi cepeaHbOro TepMiHy cryxbu ponuka Big WBMAKOCTI KOHBEEPHOI CTPIYKM Ans
Pi3HUX KOHCTPYKLi CTaBa CTPIYKOBMX KOHBEEpiB. BCTAHOBMEHO, O TEPMIH CryxOu POnMKIB KOHBEEPA 3anexuTb Bif
MOrOHHOO HaBaHTaXeHHs!, NapamMeTpiB KOHBEEPA, MPaHCKady BaHTaxy i TUNy Ta napameTpis ponukoonop. Mpu Lbomy,
3i 30iNbLUEHHAM LUBUAKOCTI CTPIYKM KOHBEEPA A1 PO3IASHYTUX TUMIB POMMKOONOP CEpPeaHilt TepMiH cnyxbu ponukis
3MeHLyeTbes. Mpy 3MiHi LWBMAKOCTI CTPIYKM A0 NEBHWX 3HAYEHb TEPMIH CryxOW POnuKIB ANs XOPCTKMX PONMKOONOp
TPOXM BULLE, HX ANS NIABICHMX, @ TEPMiH CnyxOu ponuKiB 41 aMOPTM30BaHUX PONMKOONOP TPOXW BMLLE, HiX Ans
MigBiCHUX 3 amopTM3aLlieto. Y TOM e yac TepMiH Cryx0Ou Ans niaBiCHUX aMOPTWU30BaHKX | aMOPTM30BaHWX POSIMKOOMOP
iCTOTHO BMLLE, HiX 4N XOPCTKMX i NiABICHMX. KpiM TOro, npy 3HaYeHHsIX LUBUAKOCTI CTPIYKMA BULLE AESKMUX 3HAYEHb ANs
BCiX PO3rMISIHYTUX TUMIB POMIMKOOMOP TEPMIH CRYX6W ponuka MOXe Pi3ko 3HKYBATMCA Yepe3 MosiBY PE30HAHCHUX SIBWLL,
MOB'A3aHMX 3 KONMMBAHHSIMK CTPIYKM MPW pyCi WMATKIB BenMKuX bpakuin. Pesynbtatm mMoxyTb OyTW BUKOPUCTaHi Y
ripHUYIN, MeTanypriitHin Ta 6yaiBenbHIN rany3sx NPOMUCIOBOCTI.

KnrouoBi cnoBa: ponuku, NigwnnHUKA, TEPMIH CITyx6OK, CTPIYKOBUI KOHBEED, PONMKOONOPH, WBWAKICTE CTPIYKN.

AnHoTauusa. CTaB KOHBelepa C pOMnMKOOMopami — BaXHasi YacTb IEHTOYHOrO KOHBEWepa, OT TEXHWYECKOro
COCTOSHMSI KOTOPOW 3aBUCWT HafEXHOCTb KOHBEMepa B Lenom. HagexHoCTb CTaBa OnpefensieTcs HaaeXHOCTbi
POSMKOB POMMKOONOP, TaK Kak HaAEXHOCTb HECYLMX METaNMOKOHCTPYKLMIA Ha NOPSAAOK Bbille. BaxHbiM nokasatenem
ANS OLEHKN HaAEXHOCTW PONnKa SBASETCS €ro CPOK CyxObl, 3aBUCALLWIA OT TUNA, NapaMmeTpoB POSIMKOOMNOP M YCMOBUNA
aKcnnyataumu. B paHHOM cTaTbe MOCTaBneHa W pelleHa 3ajava OnpedeneHnst CpeaHero cpoka ChyxObl ponmKoBs
NEHTOYHOTO KOHBEWepa AnS PasfiyHbIX TWUMOB POMWKOOMOP: XECTKWX, Ha KaHaTHOM CTaBe, MOABECHbIX W
amMopTU3MPOBaHHbIX. PelueHne 9TOM 3adayum No3BOMSET LaTb OLEHKY HAfEXHOCTU CTaBa NEHTOYHbIX KOHBEEPOB, a
TaKKe NPOrHO3MPOBATb TEXHUYECKWNA PE3EPB POSMKOB U CUCTEMY MIAHOBBLIX PEMOHTOB. B AaHHOM paboTte onpeneneH
KO3(D(PULIMEHT AMHAMUYHOCTM U MPEANOXEH pacyeT cpoka CryxObl POMMKOB C Y4ETOM AWHAMUYECKUX YCUIIA,
BO3HWKAIOLLMX NPU OBWXKEHUM Py3a MO CTaBy KOHBeWepa U 0BYCMOBREHHbIX W3rMBOM MeHTbl, NOCTPOEHb! rpadnkm
3aBUCUMOCTW CpeaHero cpoka Cnyxdbl ponmka OT CKOPOCTW KOHBEMEPHOW NEHTbI AN PasnuyHbIX KOHCTPYKLMA CTaBa
NEHTOYHbIX KOHBEMEPOB. YCTAHOBMEHO, YTO CPOK CRyxObl PONMKOB KOHBEMEpa 3aBUCWUT OT MOMOHHOW Harpy3ku,
napameTpoB KOHBEMepa, rPaHCcoCcTaBa TPAHCMOPTAPYEMOro rpy3a W Tuna W mapameTpoB ponukoonop. lMpu atom, ¢
YBENUYEHEM CKOPOCTW NEHTbl KOHBENepa Ans PacCMOTPEHHbIX TUMOB PONMKOOMOP CPEAHWMA CPOK CryxObl PONMKOB
yMeHbLuaeTcs. pn M3MEHEHWM CKOPOCTM NEHThl A0 ONMPEAEneHHbIX 3HAYEHWUN CPOK CRyXObl POMWKOB AN KECTKUX
POMMKOOMNOP HECKONbKO BbILIE, YeM ANS MOLBECHbIX, @ CPOK CRyxObl POMMKOB [N aMOPTU3MPOBaHHbIX POMMKOONOp
HECKOMbKO BbILLE, YeM NS NOABECHBIX C amopTu3aLmen. B 10 e Bpems cpok cryxObl 415 NOABECHBIX aMOPTU3UPOBAHHbIX
1 aMOPTU3MPOBAHHBIX POSIMKOONOP CYLLECTBEHHO BbILIE, YEM AMNS XECTKUX U NoABECHbIX. Kpome TOro, npu 3HayeHusx
CKOPOCTU JEHTbI BbllLE HEKOTOPbIX 3HAYEHUI ANt BCEX PACCMOTPEHHbIX TWUMOB POSMKOONOP CPOK CryxObl ponuka
MOXET Pe3KO CHWXATbCS M3-3a NOSBMEHWUS PE30HAHCHBIX SBMEHWNA, CBA3AHHLIX C KONeOaHNAMMU NEHTbI NpU OBWKEHUM
KyCKOB KPYMHbIX (opakumin. Pe3ynbTaTbl MOryT ObiTb MCMOMNb30BaHbl B FOPHOW, METANypriuyeckon U CTPOUTENbHON
0TPacnX NPOMBILLIEHHOCTH.

KnioyeBbie cnoBa: ponuki, NOALLMMHIKK, CPOK CRYXObl, NEHTOUHbI KOHBENEP, POIMKOOMNOPbI, CKOPOCTb NIEHTBI.

Cmamma Haditiwna 0o pedakuii 25.08.2019
Pekomer0osaHo do Opyky d-pom mexH. Hayk P.B. Kipieto


mailto:Dstu.mo@i.ua

