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Experimental research of a new generation of suppbsystems for the
transport of mineral raw materials

Lubomir Ambriskd, Karel Frydry$ek, Dragana Jelisavac Erdeljghand Daniela Marasova, j*

Within the transportation of materials in mininging the belt conveyor systems, a conveyor belaiqularly the component with
the highest wear rate. The development trends enfigid of conveyor belt wear, in terms of disraptdamage, are mostly focused on

the innovation of damping components of buffer lveitts impact rubber barsimpact bars are an essential component of innueatuffer
beds suitable for several types of belt conveyloranining, these bars are also used in buffer befdbucket wheel excavator used for
the extraction of overlying soils.

The most important attribute of this support systenthe impact resistance. Therefore, the outputthef present paper is
the determination of the limit impact dynamic loaglibased on the quantification of the force effddie buffer bed eliminates
the shortcomings of classic constructions, aboVveagboint contact, and it allows better sealing-off the whole place of an impact if
required. Construction of the buffer bed shouldvidte sufficient stiffness, flexibility, ability @irect conveyor belts at the direction of
conveying, absorb the kinetic energy of the trangpiomaterial, and ensure a surface contact betwkermaterial and the conveyor belt by
increasing the surface friction drag. This papealdewith the experimental measurement of threeskafdmpact rubber bars with different
frameworks. Impact characteristics of the bars significantly affected by the material and the tgiemetallic framework. The examined
impact bars were exposed to the effects of therdignanpact loading that is of great importance dadilitates the simulation of the belt
conveyor system operation. The entire loading psosgas documented and impact load curves in tinte amalysed. The depth of
penetration and the values of impact load wererdatesd.
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Introduction

The wheel excavator (Fig. 1) usually operates aom@tinuous basis, and it is an important largeescal
machine designed for surface mining of large volsimiesoil and minerals, mainly overburden, ligrated hard
coal (BoSnjak et al., 2013; Gondek, 2013; Zhi-weiak, 2010). Conveyor belts are an important prt
the wheel excavator, and they are basic structoalponent of many conveying and handling equipnent
different industries. The long-time problem of et only in Europe but also in the world is tledution of
their maximal use with respect to their lifetimedacological acceptability.

Material flow within the operation of technologicadjuipment results in abrasive, erosive, or fatigear
of their functional surfaces and structural compusethat requires stoppage and repairs with uretksir
economic consequences for operators (Vostova, 2@10jently, a compression of rollers with rigicabieg and
garlands at the place of impact are used. By usirthese systems, frequent punctures because wof (ioie)
contact belt — roller, crippling of the belt frommetdirection of transport due to the effect of tineven impact of
transported material and last but not least toddbstruction of the rigid construction of belt copee route
occur. The new solution is created by impact batse principle of this device is based on the fdwtt
the material conveyed to the point of impact of twmveyor belt with rollers falls on the impact $ahat
provide control of the fall energy, as well as thémination of the crushing and reducing dust. [Koa
significantly reduces damage to the conveyor kedpecially in terms of its punctures (Hapla et 2013).
Impact bars are attached to the frame using thensconnection. They are installed at the place topabranch
of the conveyor belt route. It is the space betweentop brackets with rollers at the place whéeetransported
material impacts the conveyor belt (Gondek et’4l14).
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Fig. 1. Wheel excavator.

Rock hat falls onto the conveyor belt is monitofierin the moment of contact with the belt and it ten
divided into four phases (Gondek et al., 2014; Maaeal., 2015; Ondrtgk, 1990). The first phase occurs at
the moment of contact of the block of rock withedttand ends at the moment of impact the belt (vattk) on
impact bars. In the second phase, the belt is fitach with the impact bars and subsequently i®cefd from
them and moved upward. By separating the bloclock tying on the belt from impact bars, the thitthpe of
the movement comes. In the fourth phase, the sépauaf rock block from the belt occurs and followis free
movement, until once again falls on the belt ardvthiole process is repeated.

To verify the model of buffer bed dynamics for periing computer simulations of the impact of thechl
of rock on the conveyor belt, it is necessary tpeginentally determine the impact resistance oéssential
component of innovative buffer beds, what is warksa

Materials and Methods

The research question is the effect of impact lbdrgsinovative buffer bed on the conveyor belt which
results in its prolonged life. Conveyor belts aesib and universal means of transport of partieutasterials.
The structure thereof can vary, and it usually ®i80f conveyors connected together with so-cattadsfer
chutes where the transported material is directeth fthe feed conveyor onto the receiving one. Trase
critical places, a source of dust and rapid enén@ysformation, and require special attention ftbm designer
because a poorly designed chute may be the cawssthf failures and downtime (Czuba, 2013). Bates often
damaged when heavy objects land on the belts. ®@thetimpact of landing material, conveyor belts subject
to extreme strain. The perforation of the belt eduby the landing material is the most common failu
The most strained place is the site of the directtact of the landing material and conveyor bekaoabing
the related energy (Honus et al., 2017).

Many works studied the optimisation and analysibelit conveyors from different perspectives. Rabert
(2003) presented the criteria for the selectiothefmost appropriate chute geometry to minimiseectuear and
belt wear at the feed point. Benjamin et al. (204i@lysed transfer chutes with practical exampemeski et
al. (2012) concentrated on the life of belt conwsymm connection with the life-span of supportinges
constructions taking into consideration their lahdgbrations. Honus et al. (2017) measured the size
deformation energy produced by the impactor fallmgo the conveyor belt and cushion carrying idlers
The place of impact as the critical site of the leHacility is subjected to extreme stress.

During the conveyor belts operation, the numbedafages increases systematically, resulting irr thei
cumulation causing the formation of broad crac&arihg out of cover plates and the decrease ofbsiktance.
The belts operating in conveyors transporting steaige rock blocks are worn almost exclusively assalt of
the damage mentioned above which shortens thetinfié. Long-term experience of using belts on cgaxe
used for example in bucket wheel and bucket-chataators and in spreaders indicate that the negison for
the belt wear is the damage in the form of punstumed cuts caused by the impact of falling rockgamt
the conveyor loading section (Komander et al., 3014

Scheme of the investigated system is depictedgnZiThe whole process of the rock impact on tié b
can be divided into three areas.
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Fig. 2. Scheme of the investigated system (Go20dK,).

In the first area, the rock moves as a free bothg Jecond area starts when the block touches tharae
ends at the moment of its impact (together withitbkt) on the impact rods. Consequently, the rdoklkbgoes
back through the second area to the first one Herhatively the process may repeat. The firstpedcand third
areas are specified by the vertical coordinate 8an2014). At the perpendicular impact of the sported
piece material, large impact loads are acting ughen conveyor belt and cause its puncture. The imhter
physically contacts the conveyor belt for as stamt0.03 to 0.12 s (Marasova, 2001). During sucloger
the conveyor belt is affected by the force thagdseral times larger than the material weight. s donveyor
belt moves, the material receives, following theygibal contact with the belt, a strong horizontapulse.
The impact energy is absorbed by the deformatiorkved the conveyor belt and impact idlers. Therefor
the conveyor belt gets worn out due to abrasionhédf conveyor belt and idler system are not ablahsorb
the impact energy of the falling material, the pune occurs (Taraba et al., 2017).

High puncture and cut resistance of the belt arpomant factors increasing its operational lifetime
The very important criterion of the belt operatiblifetime is the value of this resistance sincpridtects the belt
carcass against the water penetration and corradiateel cords or textile ply fracturing. Labonatdest on
conveyor belts puncture resistance have been dastiefor many years by both, domestic and foreagearch
centres, and by some belts manufacturers. Methbtisting their properties, used in different reshaentres,
due to the absence of relevant standards, areimdars and thus the test results are not alwaysparable
(Komander et al., 2014). The methods of testing ¢baveyor belt's puncture resistance are preseirted
(Komander et al., 2014; Andrejiova et al., 2016).

Method of testing the belt puncture resistance isteién striking the belt with a head having thedfied
weight and falling from a specified height and themndentifying the belt damages. The value oficait energy
depends on the head shape, method of belt sumb@mgth of belt tension, head weight and heightsofall.
The energy is proportional to the belt tensilergjte (Antoniak, 2010).

Assessment of the damaging of a conveyor belt amipthg components of impact stands can be carried
out while applying several methods. In this wonk,experimental method was used. The most frequeistyl
methods of the evaluation of experiment resulttuphes statistical methods (Andrejiova, 2011; Gowva et al.,
2015), simulation methods (Andrejiova et al., 20H8jsakova, 2010) and the methods of mathematical
modelling (Taraba et al., 2014; Gtova et al., 2016; Andrejiova, 2016).

The innovative buffer bed under the place of imgaegtly reduces the negative influence of defoionat
energy in the conveyor belt. Impact bars as cedairstruction components of innovative buffer besl subject
of research in this work. Impact bar has the charstics of high energy absorption, low frictioproduct
spillage and scattering elimination. Impact baes\aidely required in many transport products of ingn heavy
machinery, power plants, cement plants, and somner.of\fter the long-term shocking and stabbing afpd,
the life of the bar and buffer bed will decline @sformation, wear and bonding layer tear (Kangetedl.,
2017). The bacan reduce the vibration of the parts, maintairhtstjffness, extend equipment life, decrease
the cost of metal and energy consumption, lessésenand improve working conditions for workers é@h
2010).

The impact bar is a metal rubber-plastic compasiggerials; its top part is wearing layer, followsber
layer and the metallic framework (Fig. 3). Rubbayer is the middle layer of the bar, which mainbsarbs
the most impact load and lessen vibration. The euldyer can almost absorb the impact load of dtopeduce
the impact on the conveyor belt and improve thedarondition of blanking point. A plastic layer ttie metal
rubber plastic composites is usually compound eious plastic. Plastic components and relationglfipach
plastic layer thickness are related to the stifnefsplastic composite layer and effect of antitfdn and noise
reduction (Kangmei et al., 2017).
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There are 2 main types of impact bars of metalienework: (i) aluminium alloy framework, which is
commonly used in the last century in German, b #uminium one can easily be displacement and
deformation, which is not safe to use underminiiipsteel framework, which is durable, stable,yefised and
widely used. The adhesive technology between stkelleton and rubber needs to be improved by higher
equipment and technique. As the development of epmvindustry supporting products, conveyor impzats
have to develop towards the direction of highefgrarance index: higher polymer, higher wear resista
lower friction, better corrosion resistance, hightemperature resistance, higher elastic and addance
manufacturing process (Kangmei et al., 2017). Tyjee tof impact bar at the place of landing material
significantly influences the size of deformatioresyy carried by the conveyor belt.

Polyurethane
Rubber

Framework

Fig. 3. Impact bar.

Experiments were carried out using three kinds mipdct bars with sizes (length/width/height)
1,235/100/75 mm; two types of bars of steel franmbwiolassic and strengthened respectively) andtiebar
of aluminium framework. The impact bar (B&h&010), i.e. a metal section with a vulcaniseddemting
polyurethane panel on top (Fig. 3), absorbs dynaffiects of the material falling onto the convepeit.

Experiments aimed at identification of the effeafgshe framework on the impact resistance wereiearr
out using the testing equipment (Grna, 2006).The experiment methodology is based on the Europedn
national legislative requirements regarding thegpmrtation carried out using belt conveyors (Getred al.,
2014; Grigova et al., 2008). Using a pulley block, a drop hamn of the required weight is elevated to
the chosen height, from which it is dropped fremiyo the sample. Using a tensometric detectotékay 2011),
the impact load Hs measured. During one measurement cycle lagting, 10,000 values are recorded for each
of the parameter mentioned above. The measure@valte then used to identify the time flow (Fig.o#)
the entire measurement.

Vo /\ N o

. N\ N~ ot

t
Fig. 4. Measurement time flows (v drop hammer speed just before the impaet,maximum drop hammer’s imprint depth in the hesti
sample, and ,t measurement duration).

The measured values are then used to identifyithe low of the entire measurement. The weight of
the drop hammer without additional calibrated wsigh 50 kg, and the measurements were carried sing u
the total weight of 105 kg. The drop height of thep hammer was gradually increased from 2 m tan2\&ith
0.5 m stepping. The testing of impact resistandenphfict bars was carried out using the sphericphttor with
the radius of 25 mm.
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Result and Discussion

Conveyor belt service life is prolonged in practidaile applying several methods. One of them iseper
understanding of the belt properties and behaviaucomplicated loading conditions. Understandingl an
improvement of physical, mechanical, and functigiralperties of individual materials that form a eeyor belt
facilitate adjustment of the properties of the cosife itself. Another method is to direct the atitem on
the innovation of structural components of a beltiwveyor as such. The most critical place is theehihere
the conveyor belt is damaged by the falling makeA&ey belt damage parameter is the value ofaihsorbed
deformation energy. A certain portion of deformatienergy is absorbed by the support system. Inogas
the percentage of the energy absorbed by this myptelongs the service life of a conveyor belt. Rejng
a conventional support system with innovated buffeds significantly reduces the effect of the dwfmtion
energy on the belt. These impact beds are formedripact rods, use of which brings several advarstage
The present paper examines three various typespedt bars:

»  bar of classic steel framework,
e bar of strengthened steel framework,
*  bar of aluminium framework.

The examined bars were exposed to the effectseofdyfmamic impact load. A drop hammer weighing
105 kg with a spherical impactor was dropped frém heights of 2 and 2.5 m onto individual impactsba
The spherical impactor represents raw ore, freestudrp edges. The impact process is documented by
the measurement development presented in Fig. & ndasured data were used to create diagramsefairdip
height and the impact load in relation to timettad fall of the drop hammer with the weight of Ipfrom
the height of 2.5 m onto the tested impact bare. ditserved relations indicate that the impact m®ae case of
both impact bars of steel framework is shorter,r@pdhammer’s bounces after the first impact haweelo
heights, and the impact load B lower than in case of the bar of aluminium feavork. The analysis of
the examined drop heights showed that the bar avitaluminium framework has the maximum impact laad
its damping ability is the lowest out of the exaedrbars. The most efficient damping was observetigrbar
with a strengthened steel framework.

Data obtained from individual measurements wer@rded in a .txt file. Each file, containing 30,000
values, was transformed and the measured data wsgieequently visualised and evaluated. For each
measurement, the values of the impact load, defppleretration, and time characteristics of the ichgmocess
had to be identified. The impact load was deterdhiag the maximum value out of the group of the mneas
forces. This value was also assigned a depth ofetpdion, depending on corresponding times.
The measurements in the case of the bar of strengthsteel framework at the drop hammer impact from
the height of 2 m were not recorded due to theaipes fault; these data are thus missing.
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Fig. 5. Effects of the framework on the develogmehthe height h and the impact loadaFthe fall of a drop hammer with the weight of
105 kg from the height of 2.5 m onto the impact bar

The measured results are shown in Table 1. Foligwvidividual measurements, impact bars were viguall
inspected. Degrees of the damage to individuapbais were analysed. In the upper part of thedpermanent
indent was observed, corresponding to the impasiape. Bars also showed damage to the framework on
the bottom side of the bar. Direct determinationbaf deformation was not planned; therefore, thettdef
penetration values were identified from the meadwtata. Fig. 6 shows the indents on impact bamsr aft
conducted experiments, whereas the observable @égtbnetration is, unlike the measured value, cedun
the elastic deformation. On the basis of the obthiresults, we can state that with a growing drejgltt
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(2-2.5 m), at a given drop hammer weight (10p Reere is an increase in the values of impadal kred depth

of penetration. The impact of the drop hammer dht bar was monitored using a camera, while a lealog
reflector illuminated the bar. Due to a short dieratof the drop hammer impact onto the impact bar
(approximately up to 750 ms), a high-speed camadath be used. Using a high-speed camera Troubde&ho
TSHRMM (resolution 1280x1024 pixels, frame rate F585) and the MIDAS Player software, images (Fjg. 7
were obtained showing the impact of the drop hamfneen the height of 2.5 m on the impact bars atfirst
impact.

Tab. 1. Measured values (h — drop height; gepth of penetration, and  impact load).

Type of framework h Yz Number of indents R
[m] [mm] [kN]
steel 2 36 1. 46.6
steel 25 40 2. 50.5
Al 2 44 3. 46.8
Al 2.5 48 4. 51.9
steel strengthened 2.5 35 5. 51.4

An edge of a bar with classic steel framework wessialised using a white marker. The field of view o
the camera at given settings did not facilitate doeumentation of the changes in height duringdémping.
However, the bar deformation degree is evidenhaa with aluminium framework shows greater surface
deformation. A combination of input test parametées the drop height, drop hammer weight and ictqra
resulted in the deformation of the impact polyuagita plate. Higher impact load and deeper penetratiere
observed for the bars of aluminium framework thankfoth bars of steel framework. From both impatshof
steel framework, deeper penetration was represeénteal bar of classic steel framework. No damagstéel
strengthened framework was observed.

c)
Fig. 6. Impact bars after experiments (numbemndent according to Table 1), a) bar of the clagsitnework, b) bar of aluminium
framework, c) bar of the strengthened framework.

The effect of the framework on the depth of penmais shown in Fig. 8. Deeper penetration of
aluminium framework was observed than for steenfravork in each monitored drop height. Greater irhpac
loads correspond to the fall of the drop hammemfeogreater height, i.e. the height of 2.5 m.
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a) b)
Fig. 7. Impact of drop hammer (height of 2.5 mjrmapacts bars, a) bar of the classic frameworkha) of aluminium framework.

The paper (Marasova et al., 2014) was focused entbnitoring of the effect of the strengthened Istee
framework on the impact resistance of impact baxperiments were carried out with a spherical inipator
the drop hammer weight of 90 kg and the drop heightl — 2.5 m with 0.5 m increments.

The impact bar with a strengthened framework wédectfd by a greater impact load than in the case of
the impact bar with a non-strengthened framewottkereas its value is growing with a growing dropghei
The flexure on the impact bar with a classic framdwis larger than on the impact bar with a streaged
framework, at the heights of 2 — 2.5 m, as mucBGas 40 %.

55
50
=
=
w
45
steel Al steel strengthened
40 T T 1
30 35 40 45 50
Y. [mm]

Fig. 8. Effect of the framework on the impact Iéadepending on the depth of penetratian y

Conclusion

Punctures in the operated conveyor belts causé goemomic losses. At places where the rock impacts
a conveyor belt, impact idlers are installed; tlaeg intended to damp the impacts caused by thspoated
material, falling onto a conveyor belt. These idlare exposed to the greatest load and are thefragsently
damaged parts which must, therefore, be repladeel sdlution thereof is the use of innovative buffeds. Such
structure, consisting of impact bars, ensures @afft hardness, flexibility, and direction of a weyor belt,
absorbs the kinetic energy of the falling mateaald ensures an area contact between the matedal an
the conveyor belt at the impact site while redudimg frictional resistance. The main damping matewhich
the bar is made of, is rubber. On the bar surfdmae is a layer made of the material of high dbragesistance
(e.g. polyurethane, polyethene), intended to retluedriction between the belt and the impact bar.
Experimental tests of the dynamic impact load @y ¥mportant and facilitate faster solutions tolgems
regarding conveyor belt damage and ruptégperimental measurements of progressive dampingpooents
by dynamic impact loading enable identification tbkir utility properties. Obtained results describew
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innovative buffer beds can absorb the energy @ihfamaterial. This is very important for predidgithe service
life of conveyor belts, without its damaging duriogeration. The experiment results indicate thatithpact
bars with the steel framework have higher impadiistance than the bar of aluminium framework.
Strengthening of steel framework even improves rhpasistance. The affecting impact load causelights
deformation of the impact bar with aluminium franmetu Bar damage induced by the impact, howevet,neil
affect a conveyor belt quality, i.e. defects of anpbars will not cause the conveyor belt damBgsically, it is

a solution of the problem regarding the reductiérthe number of conveyor belt punctures occurrifang
the conveyor routes in large machines as well dsng-distance conveyor belt systems. As the medblpm of
the conveyor belt damage is the dynamics of theaohpf the transported rock, the measured impaad lo
exerted at the impact of the drop hammer on theahpar examined its resistance to puncture.

The conclusions presented in the article may tleasl Ito belt conveyor construction optimisation and
contribute thus to longer life of conveyor belts.the same time, there is a great potential fah&mrresearch, as
the topic of longer conveyor belt life via changiting types of impact bars at the place of impastria been
widely investigated. These issues will be the stthjé further research in this area.
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