66 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2024. Ne 169
UDC [622.2/.8.002.5:539.3]:005.2 DOI: https://doi.org/10.15407/geotm2024.169.066

DEVELOPMENT OF METHODS FOR CALCULATING THE PARAMETERS
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Abstract. As the depth of quarries grows and the overall angle of inclination of the sides increases, the transport
support of stripping and mining operations becomes especially important due to the problems of using road transport. In
this regard, steeply inclined conveyors (SIC) are particularly relevant for deep quarries. Steeply inclined belt conveyors
are conveyors with an angle of inclination of more than 30 degrees, the main types of them are: conveyors with partitions
on the belt, with pockets on the belt, double-circuit with a clamping belt, tubular conveyors. The methods for calculating
parameters of various types of steeply inclined conveyors, which can be used in open-pit mining, namely the parameters
of the drive and the design of the framework were developed. The calculation of the power of the SIC drive depending
on the height of the lift and the angle of inclination of the conveyor is presented. It is shown, that the power of the SIC
drive is directly proportional to the lifting height, while the value of the SIC inclination angle has a small effect on the
drive power. Tubular belt conveyors (TBC) are one of the most promising types of conveyors. However, due to the com-
plex processes, which occur during the operation of TBC, when a tubular belt with a load moves along roller supports,
TBC failures and their consequences differ from those of other conveyors. Recommendations for selecting the distance
between roller supports on the linear and curved sections of the TBC route were developed. The calculations showed
that the greatest load on the rollers of a tubular conveyor falls on the lower side and central rollers. At the same time, the
maximum loads on the rollers in the curved section of the tubular conveyor increase by 20%, and the average service
life in the curved section of the framework decreases by 43%, when a distance between the roller supports is 0.5 m.
Therefore, it is recommended to reduce the distance between the roller supports on the curved section of the tubular
conveyor by four times compared to the distance between the roller supports on the linear section of the conveyor
framework. TBC failures can occur as a result of the tubular belt scrolling, which leads to dusting and shedding of the
load. These phenomena can be prevented by selecting the design parameters of the TBC. The formula was obtained for
calculating the maximum distance between the roller support of the TBC, which will not lead to the divergence of the
sides of the tubular belt if the central roller of the first roller support is rotated by certain angle.
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1. Introduction

Currently, steeply inclined belt conveyors are increasingly being used in various
industries abroad and in Ukraine: mining, chemical, light industry and agriculture. In
particular, as the depth of quarries grows and the overall angle of the sides increases,
the mining situation becomes more complicated. Transport support for stripping and
mining operations is of particular importance due to the problems of using road
transport. In this regard, the issue of using a steeply inclined conveyor for deep quar-
ries is very relevant [1, 2].

To effectively solve the problem of delivering load in quarries at a high angle, it is
important to choose the right type and parameters of a steeply inclined conveyor tak-
ing into account the nature of the route's ascent, mining and geological conditions,
load properties, etc. [3].

Steeply inclined belt conveyors are conveyors with a belt inclination angle of
more than 30 degrees. The main components of the conveyor are: an unloading de-
vice, a drive, a conveyor framework with roller bearings, a belt, a loading device, and
a tensioning device.

Steeply inclined belt conveyors (SIC) are mainly used for transporting bulk load
to a certain height. The following types of conveyors are used depending on the lift-
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ing height, the angle of inclination of the conveyor and the particle size distribution
of the load transported by the SIC:

— with partitions on the belt;

— double-circuit with a clamping belt;

— with pockets on the belt or special containers;

— tubular conveyors.

At open pit mining, the criteria for selecting the type of steeply inclined conveyor
are:

— angle of inclination of the conveyor;

— stability of the transported load;

— dynamic coefficient when the load moves along the conveyor framework;

— energy consumption;

— safety;

— environmental friendliness.

Currently, the most commonly used conveyors in quarries around the world are
those with a clamping belt [4], the use of which for large lump rocks is associated
with certain difficulties [5, 6]. Steeply inclined tube conveyors have a number of ad-
vantages. They can transport load along curved routes, have no harmful impact on the
environment, and require fewer reloading points. The main disadvantages of TBC are
the increased load on the rollers and belt torsion.

The aim of the study is to develop methods for calculating the main parameters of
steeply inclined tubular conveyors used in open-pit mining.

2. Methods

Methods for calculating the parameters of various types of steeply inclined con-
veyors that can be used at open-pit mining were developed. Namely, the drive power
and the distance between roller supports of the TBC framework.

The drive power of a steeply inclined conveyor, depending on the height of the
load and the angle of inclination of the conveyor, is calculated by the formula [7]:

W,
=20
10007

Wo =lki(q; +2qp +4q, +q) Jo'ctga + q; |H,

where W, is the pulling force on the drum of a steeply inclined conveyor, N; k; is a

coefficient that takes into account additional resistances when the belt and load are
moving; ¢; 1s the linear weight of the load, N/m; ¢, is the linear weight of the belt,

N/m; g, g, are the linear weights of the rotating parts of the rollers of the loaded

and empty branches, N/m; @' is the coefficient of resistance when the load moves
along the roller supports of a straight section of the conveyor framework; « is the an-
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gle of inclination of a steeply inclined conveyor (o > 30°), degrees; H is the height of
the load, m; v, is the belt speed, m/s; 7 is the efficiency of the conveyor drive.

Figure 1 shows the graphs of the dependence of the drive power of a steeply in-
clined conveyor N on the lifting height A of the transported load at different angles of
inclination of the conveyor. In this case, the parameters of the conveyor, roller bear-
ings, belt and load had the following values: v, = 2.5m/s; ¢; =2000.0 N/m;

qp =400.0 N/m; ¢, =620.0 N/m; ¢, =430.0 N'm; o' = 0.04; k; = 1.1; n = 0.85.
The lifting height A varied from 50 to 500 m. The calculation was performed for the
conveyor inclination angles o = 30°, 40°, 50°, 60°, 70°.
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Figure 1 — Graphs of dependence of the drive power of a steeply inclined conveyor N on the lifting
height H of the transported load at different conveyor inclination angles

It is established that with an increase in the height of lifting the load, the drive
power of the belt conveyor increases according to a linear law. At the same time, the
value of the angle of inclination of a steeply inclined belt conveyor has little influ-
ence on the power of the conveyor drive.

By rationally selecting distance between the roller supports of a tubular conveyor,
it is possible to significantly reduce the load on the rollers, increase their service life,
and thereby increase the reliability of the tubular conveyor.

Figure 2 shows a normal cross-section of the loaded tubular conveyor belt.

Figure 2 — Normal cross-section of the six-roller support of a tubular conveyor
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Let's determine the average service life of a roller in the linear and curved sec-
tions of a tubular belt conveyor.
Average radial load on the roller bearing F, (N) [8] is:

Fr :O-S(Pﬁk +err)a

where Py is the maximum load on the roller of the six-roller support [9], N; ¢, 1s
the linear weight of the rotating parts of the roller, N/m; /,. is the distance between

the roller supports of the linear part of the conveyor framework, m.
Dynamic radial load on the roller bearing P, (N) and 90 percent service life of

the roller bearing (h) [8] are:

P,=12F,;

c,) 2m10°
Lyg = : ke,
P, ) 3600v,

m

is the
dynamic load capacity of roller bearings, N; v;, is the belt speed, m/s; r is the radius

where k, is the coefficient that takes into account the operating conditions; C,,

of the roller, m; p is the ball bearing degree index.
The average service life of a roller bearing in hours is equal to

ta = 4.08'L09, h

From a reliability point of view, the average life of a roller bearing is the average
life of a roller, and, thus, it is possible to select the parameters of roller support with
sufficient life and to predict repairs.

Several variants of calculating the parameters of the tubular conveyor and the
roller life were made for different initial data.

The results of one of the calculations showed that the average service life of the
lower central rollers is: linear section of the framework — ¢, = 3829 hours; curved

section of the framework — ¢, = 2195 hours.

The calculations showed that the greatest load on the rollers of a tubular conveyor
1s on the lower side and central rollers (see Fig. 2). Regarding the curved section of
the tubular conveyor, the maximum loads on the rollers increase by 20%, and the av-
erage service life of the rollers in the curved section decreases by 43%, when a dis-
tance between the roller supports is 0.5 m. Therefore, it is recommended to reduce the
distance between the roller supports on the curved section of the tubular conveyor by
four times compared to the distance between the roller supports on the linear section
of the conveyor framework.
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The operation of a tubular belt conveyor (TBC) can be accompanied by the phe-
nomenon of belt scrolling. With a significant rotation of the belt, its sides may di-
verge and cause dusting and shedding of the load. The works [10, 11] were devoted
to study of the stress-strain state of the TBC belt, but they do not contain specific rec-
ommendations for preventing these undesirable phenomena.

Preventing the phenomena of belt side divergence and load shedding during the
operation of a tubular conveyor is possible by selecting the right TBC parameters.
These are, first of all, the geometric dimensions and physical properties of the belt, its
width, thickness, torsional stiffness, as well as the parameters of the conveyor's
framework, the angle of inclination and radius of rotation of the route, and the dis-
tance between the roller bearings.

Torsion angle of the belt 8 on the first roller support [12] is

)M,

G,

; (D

where G/ » is the torsional stiffness of the belt cross-section, N-m?; M is the moment

applied to the belt cross-section on the first roller support, N-m.
To ensure the stable operation of a tubular conveyor, the following conditions
must be met

6<|6], ()

where [6] is the permissible angle of the tubular belt torsion, i.e. the angle at which

the belt sides do not divergence and the load does not shed.
Taking into account (2), expression (1) takes the form

L 0]
o

Gl,

3)

Suppose that the central roller of the first roller support is rotated in a plane per-

pendicular to the belt axis by an angle of £. Then the torque acting on the belt from
the roller side 1s

M = PRsinf3, 4)

where P = pgSI. is the weight of the belt with the load per one roller support, N; o
is the bulk density of the load, kg/m?; S = klﬂRZ is the loading area of the belt cross-
section, m?; g is the acceleration of gravity, m/c? R is the radius of the belt cross-
section, m; k; is the loading coefficient of the belt cross-section.

Substituting the value of the moment M (4) into formula (3), we obtain
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32 .
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9

whence

Formula (5) makes it possible to calculate the maximum distance between the
roller supports that will not lead to side divergence and load shedding if the central
roller of the roller support is rotated by an angle of £.

As an example, let's calculate the required distance between the roller support for
a conveyor transporting coal, the parameters of which are given in [10]:

R=0.108 m; p= 800 kg/m’; GI,, =29.3 N-m’. (6)

We take that [ 6] = 20°, B=2°, k; = 0.75. Substituting the values of parameters (6)
into formula (5), we obtain

[, <3.55m.

Thus, in order for a conveyor with parameters (6) to avoid divergence of the sides
of the tubular belt when the central roller is rotated by an angle f = 2, the distance
between its roller supports should not exceed 3.55 meters.

Formula (5) is recommended for use when selecting and justifying the main pa-
rameters of the tubular conveyor system operating in deep quarries.

Results:

— the factors affecting the torsion of a loaded tubular belt when it moves along a
straight section of a conveyor are investigated. It is shown that the angle of rotation
of the belt depends not only on the value of the applied torques, but also on the de-
sign of the TBC, the geometric characteristics of the cross section of the tubular belt,
and the physical properties of its material;

— a formula was obtained for calculating the maximum distance between the roller
supports of the TBC framework, which will not lead to the divergence of the sides of
the tubular belt and load shedding if the central roller of the first roller support is ro-
tated to the angle S.

3. Conclusions

1. It was established that the required drive power of a steeply inclined belt con-
veyor is directly proportional to the height of the load lift, while the angle of the load
lift has little effect on the drive power.
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2. Recommendations were developed for the selection of the main elements of the
tubular conveyor — roller supports and rollers, which makes it possible to significant-
ly reduce the load on the rollers and increase their service life. It is recommended to
reduce the distance between the roller supports on the curved section of the tubular
conveyor by four times compared to the distance between the roller supports on the
linear section of the conveyor framework.

3. When selecting the main parameters of the tubular conveyor framework operat-
ing in deep quarries, it is recommended to use formula (5) to calculate the distance
between the roller supports. This will help to avoid divergence of the belt sides if the
central roller of the roller support is rotated by an angle £.
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PO3POBKA METO/IB PO3PAXYHKY NAPAMETPIB KPYTOMOXWUINKUX CTPIYKOBMUX KOHBEEPIB, LLIO
3ACTOCOBYHKOTbCA NPU BIAKPUTIU PO3POBLII KOPUCHUX KOMAJUH
Kipisi P., CmipHos A., XKueyna T., MiweHko T., Kymmubaes A.

AHoTauis. 13 3pocTaHHAM rMnubMHKM Kap’epiB Ta 36iNbLUEHHAM 3aranbHOro KyTa Haxuny 6opTiB TpaHcnopTHe 3abes-
NeYeHHs PO3KPUBHIX Ta BMOOOYBHMX pobiT HabyBae 0COBNMMBOI BaxXNMBOCTI Yepe3 npobnemu 3actocyBaHHs aBTOMOi-
NbHOMO TpaHcnopTy. Y 3B'A3ky 3 UM Kpytonoxuni koHseepu (KIMK) ans rmubokux kap’epi € 0COBAMBO aKTyanbHUMMU.
KpyTonoxuni CTpiukoBi KOHBEEPKW — Lie KOHBEEPM 3 KyTOM Haxuny binblue 30 rpagyciB, OCHOBHI TUMK TaKuUX KOHBEEPIB: 3
Neperopoakamm Ha CTpiuLi, 3 KULLEHSMU Ha CTPiYLi, ABOKOHTYPHI 3 MPUTUCKHOI CTPiYKOt0, TpyBYacTi koHBeepu. Po3pob-
NEHO METOAM PO3paxyHKy NapameTpiB Pi3HUX TUMIB KPYTOMOXWIMX KOHBEEPIB, L0 MOXYTb ByTI 3aCTOCOBAHI Npu BigKkpy-
Ti po3pobLi KOPUCHMX KOManuWH, a came NapameTpiB NPMBOAY i KOHCTPYKLIN CTaBa. HaBedeHO po3paxyHOK NOTYXHOCTI
npusoga KIK B 3anexHocTi Big BUCOTH NigioMy i KyTa Haxuny KoHBeepa. [oka3aHo, Lo BennyuHa NoTyxHOCTi Npueoaa
KIMK npsMo nponopuiitHa BUCOTI nigiomy, npu LboMy BenuuuHa Kyta Haxuny KMNK mae manuin BNNWB Ha MOTYXHICTb
npusogy. TpybuyacTi cTpiykosi koHBeepu (TCK) € ogHum 3 nepcnekTusHux Tunis KIMK. Ane yepes cknagHi npouecy, Lo
BinbyBatoTbCs Npm exkcnnyatauii TCK npu pyci TpyGyacTol cTpiyuku 3 BaHTaxeM no ponukoonopax, Bigmosn TCK i ix Hac-
NigKW BigPI3HAKOTLCS Bif TUX, WO xapakTepHi ans iHwux KIMK. PospobneHo pekomeHaalii Wwopo Bubopy BigcTaHi Mix
PONMKOONOpaMu Ha NiHilHIA Ta KpUBORIHINHIN finaHkax Tpack TCK. Po3paxyHku nokasanu, Lo Hanbinblue HaBaHTaXeH-
HS Ha ponuKW TpyG4acToro KOHBEEpa Npunagae Ha HkHI OivHi Ta LeHTpanbHi ponuku. Mpy LbOMY Ha KPWUBOMIHINHINA
[insHuUi TpyByacToro KoHBeepa MakcuMarbHi HaBaHTaXeHHS Ha pormki 36inblytoTbes Ha 20 %, a cepedHii pecypc
PONWKIB Ha KPWUBOMIHINHIMA LiNaHLUi cTaBa 3MeHLYETLCA Ha 43 % npu BigCTaHi MiX ponvkoonopamu, Wo AopiHioe 0,5 M.
OTxe, BiACTaHb MiX PONMKOOMOpPaMM Ha KPWUBOMiHIAHIA OiNgHUi Tpy64acToro KOHBEEpa PEKOMEHOOBAHO 3MEHLINTU Y
4OTUPM pa3n MOPIBHSHO 3 BIACTAHHIO MiX POMMKOOMOPaMM Ha MiHIAHIN 4insHUi cTaBa kKoHBeepa. Bigmosu TCK MoxyTb
CTaTUCs BHACNifOK NPOKPYYyBaHHA TPy6YacToi CTpiuku, L0 NPWU3BOAMTL L0 MWMIHHA Ta Npocuny BaHTaxy. 3anobirtu
UMM SBMLLAM MOXHa 3a AOMOMOrol BUMGOPY KOHCTPYKTMBHWX napameTpis TCK. OTpumaHo copmyny Ans po3paxyHKy
MakcumarbHoi BigcTaHi Mix ponukoonopamu TCK, sika He npuBese 40 pO3XomkeHHs BopTiB TpyByacToi CTpiyku y Buna-
OKY, SKLLO LieHTpanbHUA pOSIUK NEPLLOT PONMKOOMNOPY NOBEPHETLCS Ha MEBHUM KYT.

Knrto4oBi cnoBa: KpyTONOXunuid CTPIYKOBUIA KOHBEEP, MOTYXHICTL NPUBOAY, TEPMIH CRYOu Ponukis, BiaCTaHb MixX
PONUKOONOpamH.





