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Abstract: This article presents the analysis of conveyoamdpower requirements for three typical mining ayors. One
of the conveyors was found not to be able to sthen fully loaded. The analysis indicates that oiithe conveyors are
adequately powered while one is underpowered. Whis found to be primarily the result of the maximiomnage of
the two adequately powered conveyors being 150@e®per hour (TPH) while the inadequately powemst/eyor was
classed with a maximum tonnage of 1800 TPH. ké®@mmended that the current draw for each motonvirily loaded
be measured. This will be compared to the desigrthér analysis was done to allow 2000 TPH onativeyors. The
required upgraded drive size is presented. Thidedoes not address the structural adequacyeafithporting structure.
Rather, only the capabilities of the conveyor beltl drives to transport the required TPH.

1 Introduction Vast works and research are available for energy

The mining industry needs bulk material handlin@ptimization and modelling of conveyors drives. The
process for storage, transhipment, transfer, afptimization of energy has been done by the rebeesc
transportation functions [1-4]. The bulk items nbeyores, for belt drive [9,11,14-15]. Among the availabldated
sand, gravel, stone, coal, cereals, wood etc. dttmited ~ research, Shirong Zhang et al. [9] worked on thergn
[5]. The traditional machinery and equipment of koul €fficiency optimization of the belt conveyors. K. $hah
material handling systems are truck dumpers, edesat [14] worked on the belt conveyor for the constrctof
railcar dumpers’ wagon tipp|er3’ Ship-]oaderS’ bmp coal mlne drive system, maintenance, and bulk r_ther
loaders classified as stationary and mobile tyje e handling in coal plants that include the power comstion
conveyor drives can be used for bulk transportiog ffor the different |-dea| and |ndUStr|a| Case. Theldg fqrce
almost everything like extracted raw mineral, diéist Produced by a single conveyor drive in the minimdyistry
mining equipment, worker's goods, and even th&lght not satisfy the requirement for material Hamin
mineworkers [7-9]. Diverse conveyor drive and equépt  long transport as well as may not be suitable iigi Bpeed
can be found in service in both underground mines aand heavy drive [11]. Thus, the number of the cyove
surface mining [10]. drive in the material handling of the mining indystiffer

The mining industry requires an enormous amount @|ased _on the amount of bulk materials, hour oﬁser‘and
energy for powering the conveyor drives [11-13].the Operational types.
mining industry, the emphasis is placed on imprguime The logical solution for the above problem of thgke
energy efficiency of conveyor drive power requirense drive conveyor is to use a multi conveyor drivel [716-
Power requirement analysis is essential for inprgehe 17]. The total power available for conveyor drivencbe
conveyor drive energy efficiency in any mining |i3dy qlStrlbUted into the multi .Conve-y-or der.e.Of the mmg
[11]. The mining industry must pay enough attentithe industry that can result in efficient mining protian
conveyor drive power requirements analysis [3,T2le  capacity and transport distances [7]. The multiveyor
viability of mining industry operations and futuredrives have appeared as convenient for reducing dri
productivity largely depends on the optimization ofystem weights and achieving high performance [I6].
conveyor drive power requirements_ ThUS, the aagmti use the benefits of a multi conveyor drlve, Muk&hndro
conveyor drives of the mining industry should beptke Masaki et al. [16] has analysed and designed & cost
tracked and study for conveyor drive energy efficie  effective belt conveyor drive system for bulk méter
The study should also include the key parametethef handling. The study also compares the performahtieeo
whole drive system to determine the actual poweRulti-drive conveyor with a single drive conveyased
efficiency and suggestions that might help to uggrthe ©n a previously developed drive system cost opttion

conveyor drive power requirements. model that is reported to have significant costiregs/
potential.
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The operational conditions of the conveyor driveyva conveyor systems are an integral part of the ti@teion
on the application of the conveyor drive [4]. Copme system [27-28].
drive system will be subjected to varying demand an The typical conveyor drive employed in the mining
operational conditions throughout its service mthining industry is a belt conveyor [2,7-9,23,29]. Belt eeyor is
industry [4]. The conveyor drive may be engageddidk interpreted as a conventional conveyor system sbo$i
transportation in the upward inclination or downgvar two essential components. One is a belt that asvelll to
stepper direction [1,11]. Though the use of thevegor move in a loop passage and the second is two gufibesd
drive is mainly to transport the extracted miningenals at either end of the loop. Pulleys are driven byxernal
but needs to meet the different conditions of dji@ma that power to circulate the belt over the pully rollarthe loop
arise during mining [8]. The sudden operationaldittons continuously. The belt is loaded in one end andaadéd
of the conveyor belt maybe change of motionsn the opposite end. The conveyor belt arrangenent
overloading, emergency stop and start etc. [18-20]. installed depending on the length of the transgpioria

In some industrial use, multi conveyor drive cafiesu required, site conditions and material handling t. [2].
from unequal power-sharing. A typical scenario thbg Many mining industries install a combination offelient
mine sites is that of when there is an emergermysta types of conveyor drive systems for convenient
fully loaded conveyor. This is not ideal as restgrtan be transportation of the extracted items.
an issue along with overloading of the conveyothat In iron ore fines industries, belt conveyors drtee
loading chute and subsequent spillage. Not beitgy @b perform an essential function in nonstop materaigport
restart the conveyor can mean that manual unloadfitiee and logistics distributions. The operational co$t ito
conveyor must take place which can take many housgnificantly influences the cost of overall miningll
resulting in significant downtime [21]. mining companies intend to design an effective alriv

In the scenario presented in this article, a sysbdém system that will increase conveyor efficiency anovjgle
three conveyors was found to have issues with omeliable service with low maintenance costs [12].
conveyor not being able to restart when fully lahdEhe Therefore, it needs an efficient, energy-savingvegor
analysis was done on the three conveyors by Beltydh drive mechanism for transportation in various breascof
supplied by Overland Conveyor. The requiredhe industry [30-31]. The energy and drive optirtica
modification for the 15000 TPH drive system hasrbeethrough the proper fittings of the belt conveyosteyn can
proposed to upgrade it to 2000 TPH. Necessarydeypifs also help and decreasing the number of convey8is [2

have been studied and re-assessed to drive theyamv As we know belt conveyor drive uses mechanical
system that will eliminate the problem of suddestaging power given through pulleys and is mainly sourcgd b
with a new operating power (kW) supply. electrical motor drive [9], its energy efficiencyarc

generally be improved by considering the drive’s
2 Methodology performance, operation, equipment, and technol8gy. [

Irrespective of the mining materials, the mairS- Zhang et al. [9] used the methodology developrien
operational activities in the solid mining industaye ©Optimize and improve the operational efficiency befit
extraction, material transportation, and processihg conveyors. The model proposed by S. Zhang et &l. [9
2,9,22]. Among these, the main operating cost afimgi  consists of an analytic model collecting all théevant
largely depends on the material transportation tzat Parameters into four coefficients. The multi conwegrive
reach up to 40% of the mining cost [23-24]. Miningcan have an effective benefit for optimized tramtsimn
involves bulk materials handling that is not easyarry 1N mining [33]. A lot of energy optimization modahd
and shift by using conventional trucks due to powease study-based solution is available from theipus
consumption and fuel price. For deep mining, materiresearch. _ o
transportation becomes more challenging with ~ C.-H. Lan[33] designed a multi-drive system fae th
conventional trucks [22,25]. Thus, mining expert§onveyor belt drive transportation system. Assuming
generally rely on designing a transportation meismafior ~ consecutive series of conveyor drives operatindiaut
materials transport at various processing statmhthe |ﬂterrupt|0n, the Optlmlzatlon considered the mater
mining site. handling, speed of the conveyor to improve the pectidn

Since mining activities are merely associated witRrofit. M. S. Masaki et al. [34] worked on the nidtive
bulk materials handling, conveyor drive turns aube a belt conveyors technology to minimizing life cydests.
widely accepted solution for the miner of the wddem The group considered a case study for an extensive
the 1800’s [8,26]. Initially, the idea of conveymas for the Simulation model to improve the economic benefithef
coal mining industry but now being used for alldénof ~drive conveyors. The multiple conveyor drive systends
the mining industry and in modern manufacturinge$in to affect unbalanced power distribution among the
such as in an automobile, agricultural, electrofind, ~conveyor drives [21]. The uneven power distribution
process, pharmaceutical, chemical, packaging iridast among the conveyor drive causes non-uniformity of
[27-28]. It helps to reduce the handling cost decaly and ~ Material handling phenomenon [18,20,35]. Overathee
has gain popularity. In the modern iron ore mirimdpstry ~ Single or multi-drive mechanism, the analysis ef power
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requirement for the energy-efficient drive system i For a multi conveyor belt drive, all the conveyettb
important. Besides this for any up-gradation of dnee must be balanced to receive sufficient power ftialoke
system in any mining industry needs a reasonald&eh operations. For unpredictable operational conditibke
of belt and idlers parameter. restarting at the fully loaded condition, the copaebelt

R. Krél et al. [36] worked on the determinatiortteé  drive sometimes fails to restart. To resolve this
actual efficiency of the power drive system throdgh fundamental operational problem of the belt drithes
analysis of the power requirement for a drive sysfEhen functions of the conveyor's key components shodd b
they compare the input power and actual power tged commissioned and upgrade regularly.
calculate the efficiency of the drive system. The
methodology of power analysis employed for thisknwais 3  Result and discussion

been claimed to be applicable for belt conveyoisedr  pyring commissioning and regular maintenance of the
systems which are frequently employed in the underyd  mining industry, we found a multi-drive conveyorltbe
and surface mining. T. Mathaba et al. [37] workedtlie  facing with restarting problem when fully loadedrEhe
optimization and energy-efficient function of theneeyor intention of upgrading the conveyor system of that
belt systems for a cement industry that uses ddwnhtompany, we executed a though analysis of the whole
conveyors. A generic energy optimal scheduling rhodgnechanism. Three conveyor belts were working irt tha
and economic analysis for belt conveyor derivingeve company to transport iron ore fines. The conveyofile
anticipated for cost-effective conveyor belt sysiem drawings and datasheets for each conveyor werkahbleai

~S. Natalia [22] has discussed the belt convey@ach conveyor design tonnes per hour (TPH) capesisy
equipment  selection, conveying systems, operatioRnown along with the properties of the materialnigei
applied mining technology for different kinds of ltbe transported, the horizontal and vertical pulley teen
conveyors. The author took the concerns of idtegk, and  distances, the details of the carry and returrr ist¢s, the
drive system as a target of improving the belt @V pelt details, the drive details, and the countegivemass
drive efficiency. The conclusions said that theam@nce [41]. From these inputted details, the belt speeeif
of the energy efficiency of belt conveyors and deteing  capacity, DIN and drive power requirements were
parametric relationship for analysis and assessroént calculated. Both inputted and calculated values are
energy efficiency of belt conveyors system consistif 3 presented in Table 1 below.
belt conveyors with the same volume of materialvhitih The conveyor belt “A”, “B” and “C” was loaded with
different transportation inclination angle [22]. Wawalec 1800 TPH, 1500 TPH, 1500 TPH of iron ore fines. The
et al. [29] did the same kind of belt conveyor gsal for  centre distance for conveyors “A”, “B”, and “C” wee274,
technical and organizational improvements of ther@+ 247, and 89 m respectively with a vertical inclioatof 18,
effective drive system and ecologically friendlyecgtion 11, and 17 m between the start and endpoints. dig |
of the mining drive mechanism. J. ROdrigueZ et[38] conveyor “A” had a Conveying Speed of 2.2 m/s aBY “
worked on commissioning a new drive system for thgnd “C” had an equal speed of 1.8 m/s, slightlydptinan
transportation of ore in the mining industry. Thevel the pbelt“A”. The speed was calculated from therafiens.
system was designed following the requirements of a Al three C6 CEMA type belts were at 35° carry idle
company. The specific drive systems included drivgngle with side spacing of 1.2 m. The return sjplEcimg
alternatives that may be utilized in the compary\aith a  js 3 m for the same type of CEMA placed at 0° retdter
control strategy for the drive converters and cgove angle. The belt width for three conveyors is 900 waith
belts. 10 mm top cover thickness, 4 mm bottom cover théskn

A. Jennings et al. [20] did a case study on a longnd reported to have 81.9%, 82.1%, and 82.1% belt

overland conveyor of Essroc Cement, part of thgapacity. The calculated demand power for thedrales
ltalcementi Group, Nazareth plant in Pennsylvailiae s 164 kw, 88 kW, and 94 kW. It indicates that tive
complex multi-drive system was observed for controla” is overpowered, and drive “B” and “C” are

strategy. The starting and stopping strategie@fdrive ynderpowered with respect to their designated power
system were also discussed. W. Kung [39] preseatedTaple 1).

commissioning report of The Henderson Coarse Ore As can be seen, although the belt capacity ohaiet
Conveying System. The commissioning deal withthe#s  conveyors is less than 100%, the calculated demawer

up, and operation of the conveyor belt, and maguiwer  for conveyor “A” is more than the drive nameplataver.
efficiency of the conveyor was critically concetédh for - As such, when fully loaded, the conveyor wouldmable
improvement. When the motor drives the conveyot bel run, let alone start when there is a higher daetrfar
some slip occurs especially during starting, sudded power to enable all idlers to start rotating andtercome
change, and load sharing among the drives [403. &80 any settling of the idler into the belt due to theight of
affect the running characteristics of the belt @ymor. If the product. It is recommended that the drive power
sufficient power is not prOVided in the Conveyoit-knhfive, amperage be measured on the conveyors to confatnthidn

it may not be able to start. analysis matches real-world measurements.
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Table 1 Inputted and Calculated values for conveyourrent)

Conveyor (curren Inputted /Calculate A B C
TPH Inputtec 180( 150( 150(
Materia Inputtec Iron ore fine | Iron ore fine | Iron ore fine
Horizontal centre distance ( Inputtec 274 247 89
Vertical centre distance (i Inputtec 18 11 17
Belt speed (m/. Calculate: 2.2 1.6 1.6
Carry idler angle (' Inputtec 35 35 35
CEMA type Inputtec C6 C6 C6
Carry side spacing (1 Inputtec 1.2 1.2 1.2
Return idler angle ( Inputtec 0 0 0
CEMA type Inputtec C6 C6 C6
Return side spacing (I Inputtec 3 3 3
Belt capacity (% Calculate: 81.¢ 82.1 82.1
Belt width (mm Inputtec 90C 90C 90C
Carcas Inputtec PN1250/- PN1250/- PN1250/-
Cover compoun Inputtec AS-A AS-A AS-A
Top cover thickness (mi Inputtec 10 10 10
Bottom cover thickness (mi Inputtec 4 4 4
DIN Calculate: .023: .021: .026:
Counterweight (k¢ Inputtec 755( 1000( 600(
Drive nameplate power (k\ Inputtec 15C 11C 11C
Calculated demand power (K Calculate: 164 88 94

Table 2 Inputted and Calculated values for conveyopgraded)

Conveyor (upgrad Inputted / Calculate A B C
TPH Inputtec 200( 200( 200(¢
Materia Inputtec Iron ore fine | Iron ore fine | Iron ore fine
Horizontal centre distance ( Inputtec 274 247 89
Vertical centre distance (i Inputtec 18 11 17
Belt speed (m/. Calculate: 2.€ 2.€ 2.7
Carry idler angle (' Inputtec 35 35 35
CEMA type Inputtec C6 C6 C6
Carry side spacing (1 Inputtec 1.2 1.2 1.2
Return idler angle ( Inputtec 0 0 0
CEMA type Inputtec C6 C6 C6
Returnside spacing (n Inputtec 3 3 3
Belt capacity (% Calculate: 77 77 74.2
Belt width (mm Inputtec 90C 90C 90C
Carcas Inputtec PN1250/- PN1250/- PN1250/-
Cover compoun Inputtec AS-A AS-A AS-A
Top cover thickness (mi Inputtec 10 10 10
Bottomcover thickness (mr Inputtec 4 4 4
DIN Calculate: .023( .021] .025¢
Counterweight (k¢ Inputtec 755( 1000( 600(
Drive nameplate power (k\ Inputtec 21C 15C 15C
Calculated demand power (K Calculate: 184 12C 127

Balancing out all three conveyors on 2000 TPH wasommercially available increments until the drivewer
analysed in order to recommend what sort of drpgrade  exceeded the calculated required drive power.
would be required and to ensure that the existafiginuld The analysis revealed that an increase on all three
be able to cope with the potential increased capagll  conveyors’ drives was required in order to enable a
inputted data was identical except the desired agegt throughput of 2000 TPH through the system of three
TPH (Table 2). Drive power was increased in commoconveyors while still maintaining a belt capacitlyless
than 100% (77%, 77%, and 74.2%). In the proposed
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upgraded design, the calculated belt speed foregamv [4] GEBLER, O.F., HICKS, B., YON, J., BARKER, M.:

“A” become increased by 18.18 %, and for “B” and',"C Characterising conveyor belt system usage fromedriv

the speed increased by 44.44% and 50% respectively. motor power consumption and rotational speed: A

There was no change considered and suggestecfbelh feasibility study Proceedings of the European

types and counterweighted. The DIN of the conveyor Conference of the PHM Society 2018, Vol. 4, No. 1,

changes slightly and the proposed power for theedri  pp. 1-16, 2018.

system has 15~25% clearance to run upgraded 184 ki&] INTEQNION B.V.: www.integnion.com: Bulk

120 kW, and 127 kW drives. material handling, [Online], Available:
The underlying structure must be analysed to déterm  https://www.integnion.com/en/industries/bulk-

if any changes there need to be made. As mentidthed, = material-handling/ [02 Nov 2020] 2020.

actual drive amperage should also be measured d6§lALMASI, A.: Bulk material handling systems- all you

compared to the analysis before any upgrade igedaut need to know, [Online], Available:
(Table 3). https://www.processingmagazine.com/material-
handling-dry-wet/article/15586935/bulk-material-
Table 3 Summary of current and upgraded drive ents handling-systems-all-you-need-to-know, 2017
Conveyo | Current (KW | Proposed (kW [02 Nov 2020], 2017.
A 15C 21C [7] NUTTALL, A.: Design aspects of multiple driven belt
B 11C 15C conveyorsin TRAIL Thesis Series no. T2007/12, the
C 11C 15C Netherlands TRAIL, Research School, pp. 1-168, 2007
[8] ETTEN, M.C. vanApplication of conveyors in mining
4 Conclusions industry, Department Maritime and Transport

Material handling and transportation cause a subiata 1 echnology, ~ Delft  University of Technology,
amount of costs in the mining industry. Regular Transport Engineering and Logistics, Report number:
commissioning, up-gradation, and power optimization 2016.TEL.8042, 2017. ) .
become essential with such a phenomenon. Thideartid®] ZHANG, S., XIA, X.: Modeling and energy efficiency
presents the analysis of conveyor drive power requents optimization of belt conveyorsApplied Energy
for three typical mining conveyors. One of the ceyors Vol. 88, No. 9, pp. 3061-3071, 2011.
was found not to be able to start when fully loadEae doi:10.1016/.apenergy.2011.03.015
analysis indicates that two of the conveyors aejagdtely [10] National Research ~Council Evolutionary and
powered while one is underpowered. This was foortubt Revolutionary ~ Technologies for MiningCh3
primarily the result of the maximum tonnage of the Technologies in exploration, mining, and processing
adequately powered conveyors being 1500 tonnelsquer Washmg.ton, DC: The National Academies Press.
(TPH) while the inadequately powered conveyor was _ 2002.doi:10.17226/10318 _
classed with a maximum tonnage of 1800 TPH. It igtl] YAO, Y. ZHANG, B.: Influence of the elastic
recommended that the current draw for each motenwh ~ Modulus of a conveyor belt on the power allocation

fully loaded be measured. This will be comparedhi® of multi-drive conveyorsPLoS OneVol. 15, No. 7,
design. Further, the analysis was done to allow)Z0RH pp. 1-16, 2020. doi:10.1371/journal.pone.0235768
on all conveyors. The required upgraded drive size [12] KROL, R., KAWALEC, W., GLADYSIEWICZ, L ..
presented. This article does not address the staict An effective belt conveyor for underground ore
adequacy of the supporting structure. Rather, ahéy transportation systemi)P Conf. Series: Earth and
capabilities of the conveyor belt and drives tasgort the Environmental Scienc&ol. 95, No. 4, pp. 1-9, 2017.
required TPH. doi:10.1088/1755-1315/95/4/042047

[13] BLAZEJ, R., JURDZIAK, L., KAWALEC, W.:
Energy saving solutions for belt conveyors in ligni
surface mines, Institute of Mining Engineering,
Wroclaw University of Technology, 2013.

[14] SHAH, K.P.: Construction and maintenance of belt

conveyors for coal and bulk material handling p&nt

www.practicalmaintenance.net, 2018.

HOFMAN, T., STEINBUCH, M., DRUTEN, R.M.

van: Modeling for simulation of hybrid drivetrain

components 2006 |IEEE Vehicle Power and

Propulsion Conference, Windsor, pp. 1-6. 2006.

doi:10.1109/VPPC.2006.364269

MASAKI, M.S., ZHANG, L., XA X

A comparative study on the cost-effective belt

conveyors for bulk material handlingEnergy
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