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Abstract. The main factor holding back the introduction of belt conveyors for transporting bulk cargo is the low life of
the belt and rollers, caused by significant dynamic forces at the loading points. In the interaction of pieces of cargo with an
elastically mounted roller support, the impact process consists of two phases: the collision, which is considered as the
impact of free bodies, and the subsequent movement of the supporting structures at a certain initial speed. After impact,
the load roller oscillate about the equilibrium position. When the next piece of cargo falls due to the oscillation of the roller
support, the relative speed of interaction of the bodies (load - roller support) may increase or decrease compared with the
case of the initial impact. To reduce the load on the belt and the rollers necessary to the settling time of the suspension
system was less than the period of passage of large pieces.

The paper considers the influence of the type of loading sections of the belt conveyor on the nature of the movement
of the roller bearings after interacting with bulk cargo. The oscillations of two main types of loading sections are studied -
with load-bearing ropes and compliant roller bearings of the design of IGTM of NAS of Ukraine.

A distinctive feature of the IGTM compliant roller bearings is special bearing rollers, which are pivotally attached at
one end to the side posts and the other to ropes stretched along the conveyor section. Standard clips are embedded in
the frames. In the middle between the side rollers on the ropes, frames for the middle rollers are attached. The tension of
the ropes is carried out by a screw device.

A mechanism has been established to reduce the amplitude of the oscillations of the rollers of the loading section as
compared with the initial displacement after the impact, which consists in the fact that at the first moment of time, under
the influence of the falling load, the deflection is localized over the small length of the section, and subsequently the energy
accumulated by this section is spent on fluctuations along the length of the entire section.

The rational parameters of the loading section (length, rope tension, stiffness, distance between the rollers) are de-
termined, at which the amplitude of the vertical vibrations of the roller decreases 6-8 times in a time of 0.4-0.5 s.

Keywords: loading section, impact, bulk cargo, belt conveyor

1 Introduction

Since conveyer transport is high-productive, it is the integral part of schemes of
cyclic and continuous flow process technology as well as continuous flow process tech-
nology in mining. Loading of lumpy product and its conveyance is the restricting factor
to apply belt conveyers efficiently.

Currently, loading sections of belt conveyers with the use of steel ropes to support
rollers and carrying rollers are very popular.

Effect of lumpy product on carrying rollers of loading section of a conveyer is char-
acterized by pressure of dice load as well as impact of lumps with certain time interval.
After the lump impact, carrying rollers of the section oscillate relative to balance posi-
tion. When following lump is falling, relative velocity of interaction of the bodies (i.e.
load-carrying roller) may either increase or decrease to compare with the initial impact
due to carrying roller oscillations. The fact results in the increased dynamic loads both
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on the belt and the carrying rollers.
To decrease the loads, it is necessary
for time of suspension system of car-
rying rollers balancing to be less
than a period during which lumps
pass. In this context, it is necessary
to know displacement mode of car-
rying rollers, and determine effect of
structure of the section and its pa- '
rameters on its displacement mode Figure 1 — Section of nonrigid carrying rollers
in time.

Consideration of the problem is of prime importance while designing supporting
loading elements taking into consideration a flow of the material being loaded.

The paper analyzed oscillations of the two basic types of loading sections — with
conveying ropes, and nonrigid carrying rollers designed by Institute of Geotechnical
Mechanics named by N. Poljakov of National Academy of Sciences of Ukraine

(Fig. 1).

2 Theoretical study

While forming oscillation equation of nonrigid carrying roller section, the follow-
ing has been hypothesized: movement value of central roller cannot depend upon load
point along the section length, and longitudinal movements of the rollers are more than
by an order of magnitude lesser than vertical ones; and when nonrigid carrying rollers
interact with a lump, rope tension varies if only suspension achieves its maximum dis-
placement. Further oscillations of the section take place in terms of practically constant
rope tension. That makes it possible to consider a section of nonrigid carrying rollers
as a constant density string on an elastic foundation; in this context, at a first approxi-
mation, damping of the system is not considered.

Figure 2,a demonstrates U
analytical model where U is T
string deviation from its bal- T T ¥
ance; L is string length; T
and p are string tension and b b
linear density respectively; 1) l
and C is rigidity coefficient |
of the elastic foundation.
Figure 2,b shows original
form of the string bend
where b is distance between
central rollers and 4 is the string bend. Original form of the string bend depends upon
design features of the section of nonrigid carrying rollers; moreover, experimental data
confirm the fact.

Using the principles of d’ Alembert [ 1] for the string section we obtain the equations
of oscillations:

L2 i L2

Figure 2 — Analytical model of a section of nonrigid carrying
rollers




114 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online), l'eomexHiyHa Mexanika. 2020. Ne 151

U LU
P 2 o

kU, (D

where S zg; k? =%,

in terms of following initial conditions:

0, 0<x<£—b;
2
—%x+%(§—bj, é—b<x<§;
Ue0=1, " L L
—x——(—+bj, —<x<—=+b; (2)
b b\2 2 2
0, £+b <x<L;
2
oU (x,0) _ 0
ot
and boundary conditions:
U(0,¢)=0;
3)
U(L,t)=0.
The solution of equation (1) by the Fourier method is presented in general form:
U(x,t)=X()T(1), 4)

where

X(x)= Acos(ﬁx) + Bsin(\/Zx);

T(t)zCnco{ k—22+iz-t)+Dnsin( k—22+iz-tj; 5)
\p* B BB

2
z:(%) , (n=1,2,3..),

A, B, C,, D, — arbitrary constants.
Insert expression (5) into equation (4). While using conditions (2), and (3) we ob-
tain:

sl feal (315 el (5 (5] )

oU (x,0)
ot

Relying upon =0 condition, we identify that D, = 0.

=S| (&) +(22] < on(12) ©

In terms of equation (9), constant C, is determined using the expression:

Then,
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C :%I f(x)sin(%xjdx, (7)

where f(x) is a function corresponding to initial conditions (2).
It follows from initial conditions (2) that:

0, 03x<£—b;
2
efbo) doveect
A2 PR I I )
—x——(—+bj, —<x<—+b;
b b
0, —+b<x<L

Inserting expressions (8) into (7), we obtain
C = 28th s1n(nﬂjsin2(ﬂ2j. 9)
b rm’n 2 2 L
Taking into consideration that B? = p/7, and inserting (9) into (6), we obtain defi-
nitely:

U(x,t):—ghL2 12 sin{ﬂﬁ)smﬂcos G, sm( ﬂxj (10)
br~ 5 n 2 L 2 yo, ,0 L

According to [2], rigidity coefficient of elastic foundation is determined using the
expression

c, =L,
fb
where p is a load acting on the roller; and f'is displacement of the roller under the load
action.
Consider oscillations of loading section with conveying ropes. In this context,
boundary conditions remain previous ones, and initial conditions are:

2h L
——X, O<x<—;
U(x,t)=1 © 2
%(X—L) £<x<L‘ (11)
L ) ’
8U(x,0)_0
ot '

If initial boundaries (11), and boundary ones (3) are taken into consideration, then
solution of equation (1) is

_ 81 . (nm C, . (nm
U(x,t)= ”2;’12 sm( 5 jco{\/p Pz }sm[ ; xj. (12)
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Hence, expressions have been developed to determine displacements of loading
section points for nonrigid carrying rollers (10), and sections with conveying ropes

(12).
We will analyze the solutions obtained.
Study the effect of loading section length, and initial deviation nature on its oscil-

lation mode within a point of maximum bend, i.e. if x = L/2, and U (x,0) = .
1. Suppose that L = 25, i.e. initial deviation corresponds to (11) conditions. Then,

expression (10) is
t |sin® (—j : 13
} 7 (13)

U(é,tjz—@ —s1n2(n7z)cos{\/c
2 T = P

If n values are even ones, then expression (13) is equal to 0. If n values are odd

: 1 : :
ones, then sin’ % = 5 Hence, expression (13) is as follows

L 8h & o nw C
Ul =t |=—— —2sm cosS
2 Y 2 P P

The generated dependence coincides completely with expression (12) for section
with conveying ropes.

In accordance with (12), string points with coordinate x = L/2 oscillate harmoni-
cally with following frequency

c, T
0= |— 5
p pL

and amplitude being equal to +84/77.

While setting Cp =0 in (12), we arrive at the known expression of oscillations of
finite-length string with fixed ends [1].
2. Determine displacement if L — co. While applying L Hospital rule, we identify

that
{il ) (I’lﬂ' bﬂ”
2
U(észh =1 % 2 L
2

L—w b 1
=)

1.e. in terms of considerable L, oscillations of sections decay within a point of maxi-
mum bend.

Calculations on formula (10) have been performed to determine effect of the section
parameters on its oscillations. The section parameters varied as follows: distance be-
tween rollers b was 0.8 and 1.0 m; rope tension 7 was 6.0; 8.0 and 10.0 kN; section
length L was 5; 10; 15 and 20 m; linear density p — 50; 80; 110 kg/m; rigidness of
nonrigid carrying rollers C was 60.0; 90; 120 and 150 kN/m? and initial deviation was
h=0.09 m.

The number of series terms was determined with 10 % calculation accuracy and
amounted 11; 21; 31 and 43 respectively for such section lengths as 5; 10; 15 and 20 m.
For 1 % calculation accuracy, 129, 257 and 385 series terms (L = 5; 10; 15 m) required

=0,
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respectively. However, comparison of the obtained results has shown that the number
of series terms effects calculation accuracy of initial ratio / at £ = 0 time moment. If
t > 0, then displacement calculation divergence is up to 1.5 %.

The calculations results helped construct graphs of vertical displacements of the
section in time if its parameters vary.

Figure 3, a, demonstrates graphs of lateral oscillations of the sections in terms of
its varied length as well as rigidness (Fig. 3, b) of elastic foundation. The graphs ex-
plain that in the course of time, the section oscillates with constant amplitude decreas-
ing along with the increase in the section length. To compare with the initial disturb-
ance, the amplitude decrease of subsequent oscillations is connected with the fact that
at =0 time moment, deviation from the balance concerns limited section area only.
Then, the whole its length is involved in the oscillations. Analysis of curves in Figure
3,b shows that the increased rigidness of elastic foundation results in the increase of
subsequent oscillations (curve 2). The increased amplitude can be explained by the
increased potential energy of the section area with the initial deviation.
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Figure 3 — Graphs of lateral oscillations

Analysis of the calculation results has shown:
e changes in line load has minor effect on the amplitude of subsequent oscillations;
e increase in rope tension decreases amplitude of subsequent oscillations; and
¢ 1.0 m down to 0.8 m decrease in distance between rollers results in 25-30 % decrease
of subsequent section oscillations.

The research has made it possible to determine the effect of the loading section
design and parameters on the mechanism of roller displacement reduction in the con-
text of vertical oscillations of the loading section after its interaction with falling ma-
terial. To compare with initial displacement, the mechanism intended to decrease am-
plitude of roller oscillation is as follows: during the first time moment, falling load
localized bend within a small distance of the section length; subsequently, the energy,
accumulated by the area, is consumed by longitudinal oscillations along the section
length. Further, point along the section length oscillate. Amplitude of their oscillations
is 8-10 times less to compare with the initial deviation amplitude resulted from the load
impact. Consideration of frictional losses within the system will result in the damped
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oscillations while complicating the solution significantly. However, neither qualitative
nor quantitative analysis may involve consideration of the losses.

It has been determined that 6-8 times decrease in amplitude of vertical oscillations
of rollers during 0.4-0.5 s is provided owing to following section parameters: length
should not be less than 10 m; rope tension should be 8-10 kN, rigidness should be 100-
120 kN, and distance between rollers should be 0.7-0.8 m.

3 Experiments

The experiments were carried out by means of a belt conveyor set-up with 80 m
length, 0° inclination angle, and 800 mm belt width. Granite was loaded. Its maximum
lump size was 400-800 mm; drop height was 0.5 m and 1.0 m; nonrigid carrying rollers
were used within loading area.

Objective of the experiments is to substantiate analytical model, and to make qual-
itative evaluation of the results of theoretical studies as for interaction between load
and nonrigid carrying rollers.

Figure 4 demonstrates a scheme of arrangement of sensors within a section of non-
rigid carrying rollers. Hereinafter, following symbols are applied:

e Dy, D3, and D, are sensors
of vertical displacements
of central rollers;

e D, is a sensor of vertical

displacements of central i i i i
roller interacting with the 132 | 32 | oD, | oD,
falling load; I |
e P, and P>, Cy, and C, are o | ' 13 18 ’
sensors of angular dis- ! ! !
placements of side roll-
Crs, Figur\e 4 — Scheme of arrang\ement of sensors
e K;, and K, rope tension
Sensors.

Values of displacement of rollers as well as their oscillation mode after impact with
a lump load were determined if variations concerned: loading height (0.5 m; 0.6 m;
0.8 m and 1.0 m); falling lump weight (16 kg and 29 kg); preliminary rope tension
(2.0 kN; 3.0 kN; and 4.0 kN and distance between rollers (1 m).

Figure 5 explains interaction of 16 kg lump when rope tension is 4.0 kN.

Analysis of the obtained data shows that after impact, a roller performs rapidly
damping oscillations during 0.4-0.5 s. Amplitude value of oscillations, following the
interaction, are 6-10 times less to compare with maximum displacement during impact.

Movement of other central rollers (sensors D, and D) starts when a roller, experi-
encing the impact (sensor D), achieves maximum displacement. Hence, weigth of one
roller takes place in the impact; loading section bends in terms of length being equal to
a twofold pitch of arrangement of rollers. After the interaction, roller oscillations take
place in the context of almost constant rope tension. Preliminary rope tension increase
results in oscillation amplitude of the roller after interaction.
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Availability of a belts is not very important for maximum roller displacements (dif-
ference is up to 10 %) having minor effect on the section oscillation mode.
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Figure 5 — Oscillograms of interaction between a lump and nonrigid carrying rollers

Conclusions

1. The experiments have confirmed adequacy of the assumptions originated during
the analytical model substantiation.

2. The results of theoretical studies, concerning the effect of loading section param-
eters on the mode of vertical oscillations, and on their amplitude after interaction with
a single lump, have been supported.

3. The regularities of oscillation amplitude of a loading section after interaction
with a single lump have been identified.
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AHoTauisi. OcHOBHUM (haKTOPOM, LLO CTPUMYE BNPOBAZKEHHS CTPIYKOBUX KOHBEEPIB AN TPAHCMOPTYBAHHS Kpyn-
HOKYCKOBMX BaHTaXiB, € HU3bKWN TEPMIH CRYXBW CTPIYKW Ta POMMKIB, BUKIMKAHUI 3HAYHUMM OUHAMIYHAMMW 3yCUNNAMM B
NyHKTax 3aBaHTaxeHHs1. [pn B3aeMogii LIMaTKIB BaHTaXy 3 MPYXHO BCTAHOBMEHOK PONMKOONOPO NpoLec yaapy ckna-
AaeTbcs 3 ABOX (ha3: 3ITKHEHHS, WO PO3rNsSgaeTbes AK yAap BiflbHUX TiM, | NO4ANbLIOMO PyXy NigTPUMYHOUMX KOHCTPYKLiN
3 [IeSIKOK0 NOYATKOBOI LLUBMAKICTIO. 1icns yaapy BaHTaxy porMKoonopy 34iNCHIO0Tb KONWBaHHS LLOAO NOMNOXEHHS PiIBHO-
Baru. [pn nagiHHi HAaCTYNHOro LWMaTKa BaHTaXy Yepe3 KONMBaHHS POMMKOOMNOp BiAHOCHA LWBUAKICTbL B3aemogii Tin (BaH-
TaX — pornukoonopa) Moxe 36inbLyBaTcs abo 3MEHLLYBATMCA B MOPIBHSAHHI 3 BUNaAKOM NOYaTKOBOro yaapy. [Ans ameH-
LIEHHS! HaBaHTaX€eHb Ha CTPIYKY Ta PONMKM HEOBXIAHO, o6 Yac 3aCroKOEHHS cucTemu nigsicku By MeHLLE nepiogy npo-
XOMKEHHS BEMNMKNX LUMATKIB.
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Y poboTi po3rnaHyTO BNAWB TUMY 3aBaHTaXyBaNbHUX CEKLLi CTPIYKOBOTO KOHBEEPA Ha XapaKTep pyXxy POMKoonop
nicns B3aeMOopii 3 KPYNHOKYCKOBUM BaHTaxeM. [JoCideHO KONMBaHHS ABOX OCHOBHUX TUMIB 3aBaHTaXyBalbHUX CEKLi
— 3 HECYYMMM KaHaTaMW Ta NOAATNMBMMM ponnkoonopamu KoHCTpyKLii IMTM HAH Ykpaitu.

BcTaHOBMEHO MEXaHi3M 3MEHLLEHHS aMNITiTyAW KONUBaHb POMMUKIB 3aBaHTaXyBarlbHOI CEKLi B NOPIBHSHHI 3 novat-
KOBMM NepeMilLeHHsM Micns yaapy, kil nofsrae B TOMY, LU0 B NEPLUMA MOMEHT Yacy nig i€l Nagatodoro BaHTaxy
NPOrH NTOKani3yeTbCsA Ha Manii QOBXWUHI AiNAHKK CeKLii, a B NoAanbLIOMY eHepris, HakonuyeHa Lieto AinSHKOI, BUTpaYa-
€TbCS HA NO3A0BXHI KONMBAHHA NO LOBXWHI BCiEl CeKLyi.

Bu3HaueHo paLioHanbHi napameTpu 3aBaHTaxyBanbHOT CeKLii (QOBXWHA, HATAM KaHaTiB, XOPCTKICTb, BiCTaHb MiX
ponuKamu), Npu SKUX amnniTyaa BEPTUKaNbHAX KONMBaHb POnuKa 3MeHLYeTLCA B 6-8 pasis 3a yac 0,4-0,5 c.

Knto4oBi cnoBa: 3aBaHTaxyBanbHa Cekuis, yaap, KPYNHOKYCKOBUIA BaHTaX, CTPIYKOBUIA KOHBEED

AnHoTauus. OCHOBHbIM (haKTOPOM, CAEPXMBAIOLLUM BHEPEHWUE NEHTOYHbIX KOHBEMEPOB A151 TPaHCNOPTUPOBAHMS
KpYMHOKYCKOBbIX rPY30B, IBNSETCS HU3KMIA CPOK CRY>KObl NEHTbI M POTNMKOB, BbI3BAHHbIN 3HAYNTESNBHBIMU SUHAMUYECKAMM
yCUnuAMU B NyHKTax norpysku. Mpu B3aMMOAENCTBUM KYCKOB rpy3a C yNpyro YCTaHOBMEHHOW POMMKOOMNOPOi npoLecc
yAapa CoCTOMT M3 [BYX (pa3: CoydapeHus, paccmMaTpuBaeMoro Kak yaap cBoOGOAHbLIX Tef, U Nocneaytowero ABMKeHUs
nofepXu1BatOLLMX KOHCTPYKLMIA C HEKOTOPOM HayamnbHO CKOpOCTbIO. [locne yaapa rpysa ponmkoonopbl COBEPLLAIOT KO-
nebaHns OTHOCUTENLHO NONOXEHNS paBHOBECKS. [1pu NafeHum criedyroLwero Kycka rpy3a us-3a konebanus ponukoonop
OTHOCUTENbHAs CKOPOCTb B3aMMOLENCTBUS TEN (FPy3 — PONMKOONOPA) MOXET YBENNYMBATLCA I YMEHbLLIATLCS MO CpaB-
HEHMI0 CO CMy4Yaem NepBoHaYanbHOro yaapa. [1ns yMeHbLUEHNS Harpy30K Ha NEHTY 1 ponukn Heo6xoammo, YTobbl Bpems
YCMOKOEHWS CUCTEMBI MOABECKN ObINO MEHbLUE NEPUOAa NPOXOXKAEHNS KPYMHbIX KYCKOB.

B pabote paccMoTpeHO BNMsAHWE TNa 3arpy30UHbIX CEKLMIA NEHTOYHOTO KOHBENepa Ha XapaKTep ABWXEHUS ponu-
Koornop nocne B3auMOAENCTBUS C KPYMHOKYCKOBBIM rpy3oM. ccnenosarbl konebaHus ByX OCHOBHbIX TUMOB 3arpy304-
HbIX CEKLMN — C HECYLLMMM KaHaTamMu W NOZaTNMBbLIMM pormkoonopamm KoHCTpykumnm T TM HAH YkpanHbl.

OTnuuntensHas 0cobeHHOCTb nogaTnmeeix ponukoonop UM — cneuuantHble HecyLe ponuKku, KOTOpbIE Luap-
HWPHO NpUKPeneHbl O4HUM KOHLIOM K G0KOBbIM CTOMKAM, @ APYTM — K KaHaTaM, HaTSHYTbIM BAOMb CEKLMM KOHBENepa.
B pamku BKnagblBatoTCs CTaHAApTHbIE ponnku. MocepeanHe mexay GOKOBbIMM PONMKaMM Ha KaHaTax KpensTcs pamku
ANS CPefHMX PONNKOB. HaTshkeHWe KaHaToB OCYLLECTBNAETCS BUHTOBbIM YCTPOMCTBOM.

YCTaHOBMEH MEXaHW3M YMEHbLLEHUS aMnnnTyAbl KonebaHui POMKOB 3arpy304HON CEKLMM MO CPABHEHMIO C nep-
BOHaYarbHbIM NepemeLLeHnem nocne yaapa, KoTopbii 3aKio4aeTcsl B TOM, YTO B NEPBLIA MOMEHT BPEMEHU Noj Aeu-
CTBWEM NajatoLLero rpysa nporub nokanuayeTcs Ha Manown AnuHe yqacTka CekLmm, a B JanbHenLweM 3Heprus, HakonneH-
Has 3TUM Y4acTKOM, PacxodyeTcs Ha NPoaonbHbIe KoriebaHns no AfMHe BCEM CeKLMM.

OnpeperneHbl paumoHanbHble NapameTpbl 3arpy304HON CeKLUUM (ANMHA, HAaTSKEHWE KaHATOB, XECTKOCTb, PaccTos-
HWE MeXZy ponvkamu), Npy KOTOPbIX aMnauTyaa BepTUKarbHbIX konebaHui ponnka yMeHbLuaeTcs B 6-8 pa3 3a Bpems
04-05¢c.

KnioyeBble cnoBa: 3arpy3oyHas cekumsi, yaap, KpynHOKyCKOBOW rpy3, IEHTOYHBI KOHBEVEP

Cmambsa nocmynuria e pedakyuro 10.02.2020
PexomeHdosaHo k neyamu 0-pom mexH. Hayk B.I1. Hadymbim



