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INVESTIGATION OF THE
PROCESS OF DESTRUCTION OF
A LAYER OF MINED ROCK BY
THE TOOTHED DISC OF THE
ROLLER CLASSIFIER

The problems associated with efficient classification of
hard-to-sieve wet and sticky mined rock masses are far from
being solved and require further theoretical and experimental
efforts. It is the purpose of the present investigation to determine
the values of impact energy required to destroy the layer of mined
rock by the vibrating roller classifier executive tool, which could
be implemented either with rubber or steel material. The authors
carry out the experiment to compare different material types of
the teeth of vibrating roller classifier in order to get the maximum
value of impact energy. Experiments involved measurements of
height of fall H, thickness of a mined rock layer h with taking into
account different sizes and humidity of the rock lumps. As a result
of the experiments we can conclude that at sieving wet materials
rubber teeth disks show characteristics similar to steel ones, what
confirms the efficiency of their use for the classification of hard-to-
sieve wet mined rock.

Keywords: rubber, steel, toothed disc, vibrating roller
classifier, impact energy, wet and sticky mined rock.
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Formulation of the problem. In foreign
practice, new promising designs of roller classifiers
with high specific productivity [1,2], so to solve an
actual problem of effective separating of hard-to-
sieve wet and sticky rock lumps, the Institute of
Geotechnical Mechanics under the NAS of
Ukraine developed a vibrating roller classifier [3].
The sieving surface of the device is formed by
rotating rollers of different configurations: metal
rollers with cylindrical surface or rubber rollers
surfaces with lobes.

Analysis of recent research and
publications. During theoretical and experimental
researches one of the most effective surfaces of
the vibrating roller classifier is proposed, where the
rollers consist of a set of polymeric disks with
various types of petals. One of the options is a
polymer disc having six petals as presented in
Figure 1.

Fig. 1 - The polymer disc with six petals
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The design of the roller with the petals in the
vibrating roller classifier allows not only to
transport the mined rock, but also to loosen its
layer, using the vibro-impact mode to destroy the
stuck together pieces, which remain in the
oversize product during normal screening, which
finally leads to a decrease in the classification
efficiency.

In the studies [4] of the impact interaction of
a piece of material with the petal executive surface
of a mining machine, there was a case considered
when a piece of mined rock was already on the
surface of its processing, without taking into
account its fall on the last one from a certain
height, on which a material feeder was installed.
Also, the case is considered when a piece of
mined rock is sufficiently large and capable of
exerting elastic deformation effects on the
executive tools themselves of the classifying
machine.

In contrast to the above work in this paper
there was considered the case when the energy is
a change in the potential energy of a piece of
material, that means that Ezmg(H-ho), where he=0.

It is also worth noting that the mechanical
energy does not go into internal energy, or it is so
small that the temperature changes of the colliding
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bodies have not been fixed by the measuring
devices. Thus, the experiments of this study did
not take into account the dissipation energy of the
impact.

In [5] the dependence of the impact force on
the mode and design parameters of the machine
was established experimentally. The results of the
power values in [5] were recorded by obtaining
digitized signals obtained from the strain gauge
sensor due to impact of the consoles of executive
surface on a piece of material. In summary
experimental studies of the productivity and
efficiency of a roller vibro-impact classifier (having
petal rollers) showed improved characteristics in
comparison with an ordinary roller vibrating
classifier (having cylindrical rollers) due to the
presence of impact pulses, what proves once
again the prospect of investigating impact
interactions.

The purpose of the present investigation is
to determine the values of impact energy required
to destroy the layer of mined rock by the petal of
vibrating roller classifier executive.

Main results of the research. To achieve
this purpose the authors of the research
developed a laboratory stand, shown in Fig. 2. The
stand consists of support base 1, pillars 2 for a
movable frame with locks 3, by means of which
the height of the falling petal 4 with a load was set.
The container for the mined rock in the form of a
box 5 is installed on the supports 6. Under the
bottom of the box there is a strain gauge 7 for
measuring the time of impact, and on the surface
of the box there is a layer of mined rock 8. The
experiment varied such properties of the mined
rock as its thickness, grain size and humidity. To
obtain reliable experimental results, standard
planning and processing methods were used,
which allow to minimize the number of necessary
tests, establish a rational order and conditions for
carrying out the studies, depending on their type
and the required accuracy of the results [6-10].

H, mm
400 L
L~ 1
=
N
//A/// ;
100 é/// 4
L
15 20 25 30 35 40 h, mm
a)

ma mexHoJs1o2isIx
2018

Oscilloscope

‘ Amplifier

P — P A— L
Fig. 2 - Laboratory stand for measuring the
energy of a petal impact

The principle of operation of the stand is as
follows. Under the influence of gravity petal 4 with
the load hits the mined rock 8, depending on its
thickness, grain size and humidity experimenter is
selecting such a drop height H (directly
proportional to impact energy E), which allows
petal to penetrate through the whole layer of
mined rock mass. The given drop height is fixed,
and knowing the mass of the petal 4 with the load
and the height of its fall, the impact energy
necessary to destroy the layer of mined rock of
different thickness, size and humidity is
determined.

The initial parameters during the experiment
are as following: material of mined rock - granite,
weight of the petal with the load - 0,945 kg, the
petal material - rubber or steel. Despite the fact
that all disks with vibrating roller classifier petals
are made of polymer (rubber), during the
experiment, the possibility of making vibrating
roller classifier petals from steel was checked. The
granite size was from d = 1.75mm (+ 1mm -
2.5mm) to d = 85mm (+ 7mm -10mm). The
moisture content of granite W varied from 0 to 9%.

In Fig. 3 there is a graphical representation
of the dependence of the drop height H of the
rubber (a) and steel (c) petal on the thickness h of
the granite layer and its different grain size d
obtained during the experiment.
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Fig. 3—The dependence of the drop height H of rubber (a) and steel (b) petals on thickness of
a layer of dry granite h at different granite sizes d
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In the analysis of presented dependences in
Fig. 3 it is obvious that for destroying a layer of dry
mined rock having similar characteristics the steel
petal requires twice less efforts compared with the
rubber petal what can be explained by the
increased coefficient of friction of the rubber petal
on the mined rock in comparison with the steel
petal, especially this difference is visible for larger
pieces of mined rock. At the same time, with the
growth of the thickness of the dry mined rock layer
a relative decrease in the growth of the required
impact energy by the rubber petal is observed to
destroy the dry mined rock layer, since the rubber
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petal begins to lose its damping properties the
time of impact action decreases and the
penetrating power is increasing. Also, the obtained
dependences allow us to determine the effect of
the size of the mined rock; the larger it is the
greater the effort will be necessary to break down
the dry mined rock with both rubber and steel
petal.

In Fig. 4 there is a graphical representation
of the dependence of the drop height H of the
rubber (a) and steel (c) petal on the thickness of
the granite layer h with an average diameter d =
1.75 mm for different moisture W of the material.
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Fig. 4 - The dependence of the drop height H of rubber (a) and steel (b) petals on thickness of
a layer of granite h (d = 1,75 mm) at different material humidity W

Analyzing the dependences in Fig. 4 it is
established that, in comparison with dry mined
rock the moist mined rock mass requires less
effort which is necessary for the destruction of its
layer by the impact of the petal, especially its
noticeable when it is struck by a rubber petal,
where at the humidity increase the impact force
decreases almost twofold. This is due to the
reduction in the coefficient of friction, which is
especially important for rubber petals.

At the same time with a moisture content of
the mined rock W = 6 and 9% and an increase in
the thickness of the material layer a relative force
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increase necessary to destroy the mined rock is
observed, because when the given moisture level
inside of the mined rock is reached the viscosity of
the medium changes, due to the formation of
surface bonds of fluid layers between the moist
particles of the mined rock, and for the rupture of
these bonds it is necessary to expend additional
energy of impact.

In Fig. 5 it is graphically depicted the
dependence of the drop height H of the rubber (a)
and steel (c) petal on the thickness of the granite
layer h with an average diameter d = 8.5 mm for
different material moisture W.
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Fig. 5—The dependence of the drop height H of rubber (a) and steel (b) petals on thickness
of a layer of granite h (d = 8,5 mm) at different material humidity W
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The experiment shown in Fig. 5 differs from
the previous one by an increase in the grain size
of pieces of mined rock by a factor of 5 (d =
8.5 mm). With this change, there is a decrease in
the effect of the increased moisture content of the
material with increasing thickness of the layer on
the increase in the impact force necessary to
destroy the layer of mined rock.

Due to the fact that in the material layer
from larger pieces than in the previous experiment,
the amount of surface bonds of the fluid layers
between the moist particles of the mined rock per
unit area is smaller, then the energy of impact to
break these bonds needs to be spent less.

Conclusions. As a result of laboratory
experiments the impact energy necessary to
destroy the layer of mined rock by the petal of the
roller vibrating classifier was determined. The
obtained results will allow to confirm in the future
the data of theoretical studies on the calculation of
the energy of the petal impact in the vibrating roller
classifier processing action, and also to develop a
methodology and recommendations on the use of
vibrating roller classifier for the classification of
mined rock having different properties.

Manufacturing petal roller discs out of
rubber for screening dry material we observe an
increase in resistance to the destruction of the
mined rock layer, so when dealing with dry
screening it is recommended to make discs out of
polymer materials with a lower coefficient of
friction.

The use of steel petals despite better
indicators for the destruction of the mined rock
layer is inexpedient, due to the complexity and
high cost of their manufacture, as well as the
increased mass compared with rubber petals,
which will lead to an increase in the cost of
vibrating roller classifier and to higher energy costs
in the classification.

At the same time when the wet material is
screened the rubber petal discs show
characteristics similar to steel ones what confirms
again the effectiveness of their use for the
classification of hard-to-sieve wet mined rock.
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AOCNIIKEHHA NMPOLECY PYAWHYBAHHA
LUAPY INPCbKOI MACU NENOCTKOBUM
ANCKOM BAJNNIKOBOI'O KITACU®DIKATOPA

lMpobniemu, nos'sizaHi 3  egeKMUBHOI
Knacucgbikauietro  8axXKo2poxomumux eosioeux |
JIUMKUX MiHepanbHUX Mamepiarie, we He supiuleHi
i eumaearomb dodamkosux MmMeopemuyHUx i
ekcrniepumeHmarsbHUX 3ycunb. Memotwo daHo2o
00CiOKeHHs1 € BU3Ha4YeHHs 3HayeHb eHepeil
yOapy, HeobxiOHOI Ot pyUHy8aHHs wapy 2ipCbKoi
nopodu 3a Oornomozorww  poboyozo  opaaHy
gasikogoeo eibpauiliHo2o Kracuchikamopa, SKul
Moxe 6ymu peanizogaHuli abo 3 8UKOPUCMAHHSM
eymu, abo 3i cmanesoz2o Mamepiany. Asmopu
rnpo8odsimb ekcriepuMeHm Or1s1 MOPIBHSIHHS PI3HUX
munig Mamepiarnie sariKie 8aJ1IK08020
gibpauiliHoeo Knacugbikamopa 0Onss moeo, wob
ompumamu  MaKcuMasibHe 3Ha4yeHHs1  eHepaii
yOapy. EkcriepuMeHmu KIro4Yarome 8UMIPHO8aHHS
gucomu nadiHHa H, moswuHu wapy eaipCcbKoi
nopodu h 3 ypaxyeaHHSIM PIi3HOI KpyrnHocmi
mamepiany d i ii eonoezocmi W. B pesynbmami
eKcriepuMeHmie MOXHa 3pobumu 6UCHOBOK, WO
rpu Mpocito8aHHi 8osioc2UX Mamepianie 2ymosi
rencmkosi oucku rokasyrmsb
Xapakmepucmuku, aHarsio2idyHi cmarsnesumM, W0
niédmeepdxye eekmueHicmb iX BUKOPUCMAaHHS
Ons  knacugikauii  8aKo2poOXomuMux 80s102UX

Mamepiarnis.
Knro4voei cnoea: eymosul, cmanesud,
nenocmkosuli  QucK, easikoguli  eibpaujitHuli

Kracucbikamop, eHepeis ydapy, eonoea i nurka
2ipcbKka maca.

WCCNEAOBAHME NPOLIECCA PA3PYLUEHUSA
CINoA roPHOU MACCbI NNENECTKOBbIM
ANCKOM BAJIKOBOI'O KITACCU®UKATOPA

[Mpobniembl, cesizaHHbIE C 3hheKkmusHoU
Knaccucghukayueli mpyOHO2POXOMUMbIX BI1aXHbIX
U JIUMKUX MUHepasibHbIX Mamepuasnos, eue He
peweHbl U mpebytom  QOMOSIHUMEbHbIX
meopemuyecKux U 3KCrepuMeHmarbHbIX ycunud.
Llenbto Hacmosiwezo uccredosaHusi s8nsiemcsi
onipedenieHue  3HavyeHUl  39Hepeuu  ydapa,
Heobxodumbix Oris pa3pyweHusi Crosi 20pHOU
rnopodkl ¢ nomouwbo paboyea2o opaaHa 8asIKo8020
subpaylUoHHO20  Kraccughukamopa, Komopsbil
Moxem 6bimb pearnusoeaH nubo c
ucronb308aHUeM pe3uHbl, 1ubo u3 cmasnbHo20
Mamepuana. Aemopbl npoeodsim 3SKCrePUMEHM
05151 cpasHeHUsl pas/luYHbIX MUrog Mamepuarnos

gasikoe 8asIK08020 8ubpaylUoHHO20
Knaccugbukamopa, ymobbi nony4yums
MaKcuMasibHoe  3Ha4YeHue  3Hepauu  yodapa.

3KcnepumeHmb/ 8KJ/Ir04Yarom u3mMepeHuUs 68bICOoMmbl
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nadeHusi H, monuwjuHbl crosi 2opHol nopodbl h ¢ nodmeepxdaem aghgpekmusHoCcMb ux
y4emom pasnu4yHol KpyrnHocmu mamepuana d U UCnosib308aHUst ons Knaccugukauyuu
ee sraxHocmu W. B pesynbmame  mpyOHO2POXOMUMbIX 8/1aXKHbIX Mamepuarios.
9KCMEPUMEHMO8 MOXHO cdOenamb 8bI800, 4YMO Knrouyeebie cnoea: pe3uHosbil, cmarnbHoU,

npu ripoceusaHuu 8J1a>KHbIX Mamepuasnos  fiernecmkoebili OUCK, earnkosbll 8ubpalUOHHbIL
pe3uHosble rerecmkosbie OUCKU MoKa3bleatom  Kraccughukamop, dsHepausi ydapa, enaxHas Uu
XapakmepucmuKku, aHasioecu4yHble cmalibHbIM, 4mMo  JlUlfKas 2oOpHas Macca.
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MexaHukn MalnH W npoueccoB nepepaboTkn MWHEpPanbHOroO CbipbdA, WHCTUTYT reoTeXHUYEeCKOn
mexaHukn uMm. H.C. MNMonskoea HAH VYkpaunbl (UMM  HAH VYkpaunbl), r. [OHenp, YkpauHa,
e-mail: nadutyvp@yandex.ua.

Oxamunb Xapgag — OOUEHT, OOKTOP TEXHUYECKMX HayK, (pakyrnbTeT MalUMHOCTPOEHUs, dakyrnbTeT
WHXXEHEPHbLIX  TEXHOSOIMNN, MpuknagHon  yHmBepcuteT  Anb-banka, AmMmaH, NopoaHus,
e-mail: drjamil@bau.edu.jo.

CyxapeB Butanun ButanbeBu4 — kaHOMOAT TEXHUYECKUX HAyK, CTApLUMA HayYHbIA COTPYOHUK oTaena
MEXaHWKM MallWMH W MPOLIECCOB NepepaboTkn MUHEpPanbHOro Cbipbsl, WHCTUTYT reoTexHu4eckomn
mexaHukn wum. H.C. TlMonskoBa HAH VYkpaunbl (UTM HAH YkpawHbl), r. [OHenp, VYkpauHa,
e-mail: agnivik@ukr.net.
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