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Abstract. The purpose of this work is to confirm experimentally the fact that crushers with a wave profile of rolls have
improved efficiency to reduce the yield of lamellar pieces in lump materials compared to conventional equipment such as
cone crushers and other types of crushers. In addition, it is necessary to identify the target size classes, for which, first of all, it
is necessary to reduce the yield of lamellar pieces they are included. Here, the evaluation of efficiency of processing of the
rock mass having increased yield of lamellar pieces was carried out based on the analysis of change in the amount of
lamellar pieces yield in narrow fractions of feed material and crushing products. The latter was carried out by passing the
pieces sequentially through round and slit sieves to obtain so-called subfractions. During the experiment, a two-roll crusher
equipped with bands of the original wave profile design has been used. It allows effective use of schemes for pieces
destruction under bending loads. These loads are the more effective, the larger a piece shape differs from the isometric one.
The starting material has been 10-25 mm quartzite classified by subfractions having the yield of lamellar pieces from 0 to
91%. The obtained results confirmed, that the smallest yield of lamellar pieces has for the target fraction of products with a
size of 1-2 width of the gap between the ledges of crusher rolls, almost independently on the lamellar yield and the size of
feed material. The result of the work is also a proposed and tested in practice method for determining the yield of lamellar
pieces for narrow fractions of material by sequential sieving on round and slit sieves. Note here, that piecemeal -linear nature
of the dependence for the yield of lamellar pieces in narrow fractions of material on the ratio of the average size of slit sieve to
the average size of round sieve for mentioned fractions is established. It has been shown, that the lamellar yield of crushing
products is effectively reduced for all feed subfractions, with the exception of those containing practically only non-lamellar
particles. Improved efficiency of the crusher with wave profile of rolls has been proved, in comparison with conventional
equipment, when working with small degrees of crushing. Here, the destruction of mainly lamellar pieces and the minimal re-
grinding of non-lamellar pieces is achieved.
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Introduction. Recently, the most popular in construction is the so-called "cube-
shaped" crushed stone, which, in general terms, has the shape of pieces close to
isometric. According to standards, this means that the proportion of lamellar particles
having a flattened shape classifies the material into a particular class in terms of
lamellar pieces yield [1]. Cuboid crushed stone belongs to the first category, having a
share of lamellar pieces of no more than 10%. Its use as aggregate for concretes allows,
on the one hand, to provide better laying of the framework and, accordingly, to reduce
the consumption of cement mortar [2]. On the other hand, it allows to reduce
significantly the destruction of pieces of the framework under bending loads leading to
the destruction of the concrete mass at significantly lower effective stresses [3].

Obtaining of cuboid crushed stone requires solving several problems.

Firstly, it is necessary to have equipment, that is able to provide such a force field,
which contributes to their destruction into fragments of close to isometric shape.

Secondly, this is the control of the content of lamellar pieces in the initial rock mass
and in crushing products.

Thirdly, this is the choice of rational crushing modes, taking into account the target
granulometric fractions of the material, which should have a minimum of lamellar
particles.

The recent trend is to replace traditional equipment, such as cone crushers, which
produce a large proportion of lamellar pieces, with impact crushers [4]. The fact is that
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the destruction characteristic of them by the so-called "free" blow leads to the
spontaneous development of cracks inside the piece after contact with the impact
surface, i.e. the proportion of lamellar pieces depends on the material specific way to
form the cracks. For materials, that do not have essential anisotropy of properties in
different directions, it is minimal.

However, the main disadvantage of impact crushers is the high wear of the working
surfaces, which, along with the need for balancing, high noise and vibration, makes
their use fraught with certain difficulties.

An alternative option is to use crushers with wave profile of rolls [5]. First of all,
they differ in reduced dynamics during operation being characteristic of all crushers of
quasi-static action. This results in reduced wear of rolls during operation compared to
Impact machines. In addition, the presence of longitudinal ledges and hollows on
staggered rolls results in bending loads, primarily for lamellar pieces. Thus, the
probability of breaking the lamellar pieces is much higher than the isometric ones, i.e.
the selective influence on the material is evident. The pieces that are larger than the gap
between the rolls are forcibly processed to eliminate the lamellar pieces, and thus the
shape quality of the product pieces is improved.

The problem of estimating the content of lamellar pieces in the material is also
significant. The conventional method of taking samples and then determining the size
ratio of the piece is quite laborious and not operational. Other options are the use of
screening surfaces of special structures that separate lamellar pieces from non-lamellar
ones, while also solving the problem of removing the latter from the crushing process.
Despite its performance, this method requires a separate justification of its
effectiveness.

In order to practically evaluate the efficiency of the crusher with wave profile of
rolls considered in this work, it is necessary to perform experimental studies with the
analysis of the composition of crushing products not only by size, but also by the shape
of the pieces, which is associated with the need to process a sufficiently large number
of samples. To do this, you need to develop an appropriate analysis method.

Methods. The purpose of this work is to confirm the increased efficiency of the
crushers with wave profile of rolls to reduce the yield of lamellar pieces in lump
materials compared to traditional equipment, as well as to identify so called target size
classes of crushing products.

Here, the target size classes are mentioned as those ones, where the decrease in
lamellar pieces yield is of the main interest.

The idea of the work is to evaluate the efficiency of the crushing process between
wave-profiled rolls based on the analysis of the change in the amount of lamellar pieces
in narrow fractions of the feed material and the product obtained using a combination of
round and slit sieves.

Laboratory equipment and experimental research methods.

A laboratory twin-roll crusher with a wave profile of working surfaces was used,
having an outer diameter of bands of 260 mm.

The material entered the crusher from the hopper, providing, in fact, consecutive
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crushing of the pieces, avoiding the effect of destruction in the thick layer with the
interaction of the pieces with each other.

After crushing, sieve analysis of crushing products was carried out using sieves
with round and slit holes, as well as by directly measuring the dimensions of the
obtained pieces. The purpose of the analysis is to determine the yield of narrow
fractions of crushing products, as well as the content of lamellar pieces in each
fraction.

With manual measurements, each piece had its dimensions determined: a -
minimum (thickness), b - average (width), ¢ - maximum (length).

In further calculations, relative values [6] were used:

- relative width of the piece

b
Kpa =—
ba a
- relative length
C
kca - a .

As it was established in [6], statistical estimates of these two values are related by
linear dependence:

kca = A+ B(kba _1)’ (l)

where A and B are approximation coefficients.

According to definition given in [1], the lamellar pieces are those that have
corresponding coefficient value k., >3.

In fact, in the case of precise sieving on round sieves, an analysis is carried out by
the average size of piece b, while in the case of sieving on slit sieves - by the
minimum size a. Thus, by sequentially classifying the material into narrow fractions
of round sieves, and then passing each of these fractions through slit sieves, we

obtain subfractions with a known relative width of pieces ky.

To subsequently determine whether the piece is lamellar or not, it is necessary to
turn from its relative width to the relative length k., using formula (1).

Here, it should be taken into consideration, that even for narrow fractions, the
dimensions of the pieces fluctuate in certain ranges, and the average value of the
relative length of the piece obtained by formula (1) has a dispersion of values.
Therefore, it is more correct to talk about the average share of lamellar pieces for a
particular subfraction of the material. The narrower a subfraction is, the smaller the
dispersion of the lamellar pieces yield value, and in the limit we will strive for a piece
with definitely given sizes, either lamellar or not. This applies to both the feed
material and the crushing products.

Quartzite with a size of 10... 25 mm, obtained by crushing in traditional cone
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crushers, has been used as a material for experiments.

For crushing, initial subfractions have been prepared in advance using a
combination of round and slit sieves, so as to provide different versions of the initial
content of lamellar pieces.

The material has been passed once through the crusher and the products have
been analyzed.

Here, the size of the gap between rolls has been of such value, that the degree of
crushing, determined by the formula

has been in the range from 1.3 to 2.2, which corresponds to the mode of improving
the shape of the material, with the destruction of lamellar pieces and the minimum re-
grinding of non-lamellar ones. Here by is the particle size before crushing, b is the
particle size after crushing.

For granulometric analysis of the feed material and the crushing products, round
screens in the range from 3 to 20 mm have been used, as well as slit sieves in the
range from 2.5 to 14 mm.

Results and discussion. Results of crushing and implementation of the method
for determining the yield of lamellar pieces using slit sieves.

The most reliable and accurate way of determination whether a particle is
lamellar or not is to measure directly its three dimensions.

However, it is very labor intensive and requires sampling due to the inability to
measure all the particles completely, so, finally, it has also an error.

In this regard, in order to establish the content of lamellar particles, it is proposed
to increase the analysis rate by sieving each fraction obtained on round screens,
additionally on subfraction using slit screens, excluding measurements of individual
pieces. Obviously, the smaller the slit the pieces passing through, having severe
limitations in their width, the greater the percentage of the lamellar material among
them.

Based on the results of the experiment, subfractions have been analyzed, both
feed materials for crushing and their products.

The results are shown in Figure 1. Here, the following relation is chosen as the
argument:

arg:@— 1

bav kba,av

where a,, is the average size of the subfraction on slit sieves; by, is the average size
of the subfraction on round sieves; k,,,, is the average relative width of the

subfraction.
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Figure 1 shows the experimental points of the lamellar particles yield for the feed
material (item 1) and for the crushed products (item 3). Each set of points has been
approximated by the regression equation of type (2), resulting in the corresponding
regression lines (items 2 and 4).
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1 - starting material; 2 is the regression line for the source material; 3 - crushing products; 4 - regression
line for products

Figure 1 — Dependence of yield fraction of lamellar pieces on ratio of average dimensions of subfraction
on slit and round sieves

It follows from the analysis of the Figure, that:
1) experimental data are satisfactorily approximated by linear dependence for
yield of lamellar particles having the form:

0, arg>arg,

arg = w, arg, <arg <arg, ¢, (2)

arg,—arg;
1, arg<arg;

where arg, is the characteristic value of the argument for 100% lamellar particles;
arg, is the characteristic value of the argument for 0% lamellar particles;

2) the characteristics of the initial subfractions and their products are practically
parallel;
3) the characteristics of the crushing products are shifted to the left in relation to
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the characteristics of the initial subfractions.

The latter fact indicates a decrease in the relative length of the pieces of crushing
products in relation to the feed material, all other things being equal. However, in
both cases, the difference of values (arg,—arg; ) is constant and is 0.44.

Analysis of the gap value influence on the distribution of lamellar particles yield
by fractions of crushing products.

The dependence of lamellar particles yield in crushing products on the ratio of the
piece size to the gap value is of particular interest.

It was found during the experiment, that in the case where the average size of the
crushing products fraction corresponds approximately to the size of gap between
ledges of adjacent rolls, the yield of lamellar pieces tends to be minimal, and as it is
shifted from this size in both directions, it increases.

Figure 2 shows the dependencies of distribution of the lamellar pieces shares in
the fractions after crushing y on the relative size of the fraction & for different initial
conditions, such as the lamellar pieces yield of the feed material subfraction y, and
the ratio of the feed size to the size of slit &;.
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Figure 2 — Distribution of the lamellar pieces shares by product fractions for different samples of feed
material

Here there are relations:
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b,
&=—,;
S
=2
0 g’

where s is the width of the slot between the roll projections.

For example, the line 1 has been plotted for the crushing products obtained from
material having initial yield of lamellar pieces being equal to 0.32, and it has been
crushed with the gap size between rolls corresponding to the parameter gy =2.2.

The given results indicate that, almost independently of the initial data, the
fraction of the size (1.0... 1.5) of the gap width has the minimum yield of lamellar
particles and, as the percentage of lamellar particles increases from this range in both
directions.

Summary data on quartzite crushing in the crusher having wave profile of rolls
are given in Table.

Table — Quartzite crushing results

Ratio of the fraction size to the gap Fraction yield,% Lamellar content, %
between rolls value Range (average) Range (average)
2.3 4..26 (15) 41...77 (59)
1,5..2 14..47 (31) 7..26(18)
1..1,5 15...87 (43) 1..15(9)
0,7..1 3..13 (6) 4..42 (26)
0,5..0,7 2..17 (5) 36...55 (43)

For example, in the first line it is stated, that the fraction of crushed products
having a size from 2 to 3 units of the gap between the rolls value, obtained by
screening on the sieves having round openings, has a yield from 4% to 26% (average
15%), and also contains from 41% to 77 % of lamellar pieces (average 59%), for all
experimental tests.

Thus, after crushing, we have obtained about 75% of the material within the
target fraction having a size from 1 to 2 units of the gap between the rolls, which has
a share of lamellar pieces equal to 10... 15% and belongs by this parameter to the
most popular the 1% and the 2™ groups of crushed stone [1].

The re-grinding of the material in this case is minimal, since only about 10% of
the dropout is formed.

It should be noted, that the material taken for the experiment, in general, had a
fairly high initial yield of lamellar pieces, also the parameters of the crushing process
have not been optimized. However, despite this, the crusher has showed high
efficiency in reducing the yield of lamellar particles in the target fraction.

It should also be noted, that the treatment of a material with a low yield of
lamellar pieces can even lead to an increase in this yield and, therefore, to a
deterioration in the material quality. Thus, it is recommended to guarantee taking the
appropriate pieces before crushing, if possible.
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Conclusions.

1. The high efficiency of reducing the lamellar pieces yield of lumpy material
during processing with small degrees of crushing in a crusher with a wave profile of
rolls has been experimentally confirmed.

2. The method of determining the yield of lamellar pieces for narrow fractions of
material by sequential sieving on round and slit sieves is proposed and tested in
practices. Note here, that granular-linear nature of dependence of the lamellar
particles yield for narrow fractions of material on the ratio of the slit sieve average
opening size to the round sieve average opening size for the mentioned fractions is
established.

3. It has been found, that the yield of lamellar particles for products of crushers
with a wave profile of rollers has a pronounced minimum of lamellar particles
content for the target fraction with a size from 1 to 2 units of width of the gap
between the opposite rolls ledges. This fact practically does not depend on the
lamellar pieces yield and the size of feed material.
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EKCI'IEPI/IMEHTAHbI:II OOCNIMKEHHA E®EKTUBHOCTI APOBAPKW 3 XBUIIbOBUM MPO®INEM
BAJKIB Nif YAC PYUHYBAHHSA NELMAQHUX LUMATKIB
Tumoe 0O.0., Cyxapes B.B., CyweHko O.l.

AHnoTauis. MeTolo gaHoi po6oTu € ekcrnepuMeHTanbHe NTBEPIXKEHHS TOro (hakTy, Wo Apobapku 3 XBUMLOBUM
npodineM Barnkis MawTb NiABULLEHY €(EKTUBHICTb MPOLECY 3HWXEHHS NewaaHoCTi LWMaTKoBWX MaTepianis, B
NOPIBHSHHI 3 TPAAMLINHUM 0BriagHaHHAM, TakUM SIK KOHYCHI Ta iHWi Tunn apobapok. Kpim Lboro, He0bXiaHO BUSBMEHHS
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LiNbOBMX KraciB KPYMHOCTI, ANs SKUX B NEPLUY Yepry noTpibHe 3HVKEHHs NeLagHOCTI LUMATKIB, WO iX cknagaroTb. TyT
OLiHKa edheKTUBHOCTI npoLecy nepepobky ripHNYOI MacK 3 MiABULLEHOK NELLAAHICTIO BUKOHYBAracs Ha OCHOBI aHaniay
3MiHW BENWYMHW BMICTY NeLlafHuX LWMaTKIB Y BY3bkiX (paKLisix BUXIAHOMO maTtepiany Ta npoayKTiB ApobneHHs, kil
MPOBOAMBCA LUSISXOM MOCHIZOBHOMO MPOMYCKY LIMATKIB Yepes3 Kpyrmi Ta LWfIMHHI cMTa 3 OTPUMaHHAM TaK 3BaHMX
cybdopakuin. B ekcnepumeHTi BMKOpUCTOBYBanacs pnBoBankoBa napobapka, ska Oyna obnagHaHa 6GaHpaxamm
OpUriHamnbHOI  KOHCTPYKLii, SKi MawTb XBWMbOBWMIA NpOMinb, LO [03BONSE €(EKTUBHO BMKOPUCTOBYBATM CXEMM
PYMHYBaHHS LUMATKIB 3rMHANbHUMW HaBaHTaxeHHSMW. Lli HaBaHTaxeHHs TuM edekTuBHile, yum Binblwe dopma
LUMaTKa BiApPI3HAETbCS Bif i30METPUYHOI. BuxigHnm matepianom 6yB kBapuut kpynHictio 10-25 MM, poscisHMid Ha
cybgpakuii 3 newagHictio 0-91%. OTpumaHi pesynbTaT NIATBEPAWMNM, LIO HaMMEHLLY MelafHicTb Mae Linbosa
bpaKkyis NpOAYKTIB KPYMHICTIO 1-2 LUMPUHW WiNMHA MiX BMCTynamu BankiB Apobapku, NMPakTUYHO He3anexHo Bif
NeLagHocCTi i KpynHOCTI BUXigHOMO Matepiany. Migcymkom po60Ty € 3anponoHOBaHWI | BUNPOBYBaHWIA MPaKTUYHO CMocit
BU3HAYEHHS BMXOLY NeLafHuX LIMATKIiB A4S BY3bKUX (Ppakuin maTepiany LWASXOM MOCRILOBHOMO MPOCIlOBaHHS Ha
KPYrWX i WiNWHHKMX cuTax. Mpu LbOMY BCTAHOBMEHO LWIMATKOBO-MIHIMHWIA XapaKTep 3anexHOCTi BUX0dy NeLllagHux
YaCTWMHOK BY3bKMX (hpakLUii maTepiany Bif BigHOLLEHHS CepefHbOoro PO3Mipy LLIIMHHOTO CUTa A0 CepeHbOoro po3mipy
Kpyrnoro cuta Ans umx gpakuiit. MokasaHo, WO newagHicTb NpoaykTiB ApOONEHHS eheKTUBHO 3HIKYETbCS ANS BCIX
BUXiOHMX CyOMpakUii, 3a BMHATKOM TWX, LO MICTATb MPaKTWYHO HenewagHi YacTuHkM. [loBedeHO MiaBULLEHY
ehekTUBHICTb poboTh Apobapku 3 XBUNBLOBUM NPOINEM Baskie, y NOPIBHAHHI 3 TpaauLiiHAM obnagHaHHAM, npu poborTi
3 ManuMK CTyneHsaMM OpobneHHs, KoM LOCAraeTbCs PYMHYBAHHSA MEPEBAXHO MELLafHNX YacCTMHOK Ta MiHiManbHe
nepenogpibHeHHs HeneLLaaHuX.

KnioyoBi cnoBa: BankoBa gpobapka, XBUNbOBMIA NPOiNb, HABAHTAXKEHHS BUTHY, NELaaHWA LWMATOK, LWiNvHHE
cuTo.
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