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Abstract. The purpose of this work is to develop a technique for calculating the crusher with wave profiled rolls
based on analytical and experimental data on hard rocks processing in crushers of this type. Information on the
expediency of using cubic-shaped products as fillers for concrete is given. Attention is focused on the advantages of this
approach. The main types of equipment capable of producing the stone products with minimum content of lamellar
pieces are analyzed. The choice of crushers with wave profile of rolls for processing of narrow-sized crushed stone
fractions as combination of high efficiency with acceptable wear of working surfaces and low dynamics of working modes
is justified. The algorithm of calculating the crusher parameters is given based on theoretical conclusions and experimental
data on the fine crushing of hard rocks from open pits of Ukraine on the real sample of crusher with wave profiled rolls.
Granulometric characteristics of narrow-sized fractions, based on the results of material screening using slits with round and
slot openings, the yield of lamellar pieces in the feed material, the coefficient of material friction on the roll working surface,
the circumferential speed of roll ledges are taken as initial data. Such parameters of the crusher, as the size of the gap
between ledges of the opposite rolls, the nominal diameter of the rolls, the pitch of the roll ledges in the axial direction,
the radii of rounding of the ledges and the hollows file of the roll profile, the angle of sharpening of the rolls, the angle of
inclination of the taper sections, the height of the profile, the length of the roll working part, the rotational speed of the
rolls, the theoretical output of the crusher are determined on the basis of the authors’ previous studies. Also, the model
example of calculation of crusher parameters for processing of granite fraction of size less than 70 and more than 40mm,
having 30% yield of lamellar pieces, is given.

The following conclusions were made. Firstly, the technique for calculating the parameters of crusher with wave
profiled rolls for processing the narrow-sized crushed stone fractions in order to reduce the content of lamellar pieces
makes it possible to determine the expediency of complete or partial shape improvement of the pieces of narrow-sized
crushed stone fractions. Secondly, it sets the main characteristics of the crusher working member and its drive. Thirdly, it
is recommended for calculating the parameters of operational part of the crushers with wave profiled rolls, designed to
improve the shape of pieces of narrow-sized fractions of construction crushed stone from hard rocks, which are used as
filler in responsible concrete and asphalt-concrete products.
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1. Introduction

Roll crushers are widespread equipment in the industry for rocks crushing.
Toothed, ribbed and smooth rolls are used, the latter at the stage of fine crushing [1].
This stage is considered to be the most responsible in terms of the product quality
control, because these products are directed either to the further milling process or to
the final consumer.

Fine crushing products are used during production of construction materials,
including as fillers for concrete. It is recommended to use only crushing products
having rounded or cubical shape of pieces, in the case of production of particularly
critical structures operating under conditions of high dynamic loads. This allows to
save binders, to ensure more dense laying of carcass particles in concrete and asphalt-
concrete products made of crushed stone and, in general, to provide higher carrying
capacity and consumer properties of these products [2].

The analysis of scientific and technical information made it possible to identify
such a fact that most traditional crushers operating at the stage of fine crushing are
unable to produce crushed stone with a minimum content of lamellar pieces [3]. This
is especially true for the cone crushers, as well as for the jaw crushers and the roll
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crushers with smooth or ribbed rolls. Individual types of crushers, for example, the
hammer ones, are capable of producing cubical products [4], but they are
characterized by high wear of working surfaces, the need to balance the rotors after
each change of hammers, which is to be carried out quite often while processing of
hard materials.

It is also found, that calculation and choice of the parameters of existing
equipment is carried out taking into consideration only the size of processed material
pieces, disregarding the parameters characterizing the shape of the pieces.

To solve this issue, the Institute of Geotechnical Mechanics has been conducting
for several years the research work on the study of roll crushers with the wave
profiled rolls [5], Fig. 1. They combine the advantages of traditional crushers, such as
the quasi-static loading of material with a low level of dynamics, the sufficient
strength and the appropriate wear resistance of working elements, with, at the same
time, the efficient reduction of lamellar pieces yield in crushing products [6]. This is
achieved due to the selective destruction of the lamellar pieces under bending loads,
which occur during the pieces compression between the ledges of opposite rolls being
stagger arranged [7].
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Figure 1 — Scheme of the wave profiled rolls

In this regard, the IGTM of the National Academy of Sciences of Ukraine
developed a especial technique for calculating the parameters of crusher with wave
profiled rolls, in order to obtain narrow fractions of crushed stone with a minimum
content of lamellar pieces. It is intended for determining the crusher structural
parameters, such as the diameter and the length of rolls, the pitch and the height of
ledges on working surfaces of rolls, as well as technological parameters, such as the
size of the slot between the ledges of adjacent rolls in radial direction, the expected
output of material and the content of lamellar pieces in products, depending not only
on the grain size distribution, but also on the shape of feed material pieces.

The technique allows to determine the rational parameters of the roll crusher
operational part in order to improve most efficiently the shape of pieces in crushing
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products.

The technique’s area of application is the calculation of parameters of the crushers
with wave profiled rolls designed for further improvement of the shape of pieces of
narrow-sized fractions of products of hard rocks fine crushing, produced by
traditional equipment, with the minimum degree of crushing and the minimum
discharge yield.

The purpose of this work is to develop a technique for calculation of crusher with
wave profiled rolls based on analytical and experimental data on hard rocks crushing in
crushers of this type.

The idea of work is to assess the need to improve the shape of pieces of the stone
material grain size class based on the initial content of lamellar pieces in a given grain
size class.

2. Methods

The method of calculation is based on theoretical conclusions and experimental data
on fine crushing of hard rocks from open pits of Ukraine conducted by a real sample of
the crusher with wave profiled rolls [8]. It is intended for the case of crushing a narrow-
sized material fraction, in which the maximum and minimum sizes of the openings of
control round sieves differ by not more than 2 times, in order to improve the shape of
the pieces, that is, to reduce the yield of lamellar pieces.

3. Results and discussion

3.1. Algorithm for determination of crusher parameters.

Initial data:

- the maximum size of round sieve opening for narrow-sized fraction of feed
material d) ., m;

- the minimum size of round sieve opening for narrow-sized fraction of feed
material d ,,;,, M (not less than 0.5 of d ;4 );

- the yield of lamellar pieces in feed material y;
- the bulk density of feed material p,, kg/m?;
- the values corresponding to results of the feed fraction screening on i-

subfraction with the help of slot sieves:
S0.i» 50,+1 are the sizes of boundary slot sieves, mm;

a; 1s the yield of i-subfraction in the feed fraction;
7, 1s the yield of lamellar pieces in i-subfraction.

f1s the coefficient of the material friction on the roll working surface;
v 1s the circumferential speed on the ledges of the rolls, m/s.
It is necessary to determine:
1) the possibility to improve the shape of the feed fraction pieces due to additional
processing in a crusher with wave profiled rolls;
2) the yield of the fraction (or its subfraction) to be processed;
3) the rational design and technological parameters of the roll crusher operational
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part.

Calculation algorithm.

1. If the yield of lamellar pieces in the fraction is more than 15%, then improving
the shape of its pieces to better classes with a lower content of lamellar pieces (due to
additional crushing with a small degree of size reduction) is advisable.

2. Only those sub-fractions are the subject to processing, which are not classified
according to the form of pieces as "rounded" or "cubical," according to the
classification of the standard [9], that is, which have the yield of lamellar pieces more
than 15%.

3. Determination of the rational design and technological parameters of the
crusher operational part.

The slot size between the roll ledges (Fig. 2):

b=kgSo,max > M, (1)

where s( ;. 1S the maximum size of the boundary slot of the maximum sized
subfraction being directed to improve the shape, m; &, 1s an empirical coefficient.
The minimum value of the roll nominal diameter (by ledges):

Dy yin = — , M. (2)

The maximum pitch of the roll ledges in axial direction:
Dnax = kldO,min , M, (3)

where k; 1s an empirical coefficient.
The minimum pitch value of roll ledges in axial direction is:

Lyin =2d gi, M, (4)

min

where d 4, 1s the maximum size of discharge pieces, m.
The maximum radius of the roll profile ledges rounding is:

N omax = 0. 1dO,min » ML (5)

The minimum radius of the roll profile ledges rounding according to the wear
resistance conditions is equal to:
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N min

=0.00l m=1 mm.
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Figure — 2 Design parameters of the wave profile (within single wave)

h

The radius of roll profile hollow rounding is:

The angle of sharpening of rolls ledges for hard rocks is:

%) 27‘1,1’1’1.

oA >90°.

187

(6)

(7)

(8)

The angle of inclination to the symmetry axis of the roll profile taper sections is:

B =90°—-0.5c,,.

9)

The height of the roll profile (the span between the ledge and the hollow in radial

direction) is:

The diameter of rolls by the bottom of hollows is:

D2 :Dl —2h,m.

(10)

(11)
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The length of the roll working part is:

L=0.7D;, m. (12)
The roll speed is:
v
n=——, s . 13
72'1)1 ( )

The theoretical volume capacity of crusher is:
Q= ubLv, m’/s, (14)

and the recommended fill factor is « = 0.25.
The theoretical mass capacity of crusher is:

O = ppQ., kels. (15)

3.2. Model example.

Let’s consider the following model example.

The granite fraction of size minus 70 plus 40mm, having the yield of lamellar
pieces of 30% is used as the product of a fine cone crusher.

The initial data:

dy max = 0.07 m =70 mmy;
dg min = 0.04 m = 40 mm;
70 = 0.30;
op = 1400 kg/m’;

The results of the feed fraction screening on slot sieves with opening size values
501= 0.028 m = 28 mm and 5( , =0.02 m =20 mm:

+28: a; =0.52; y; =0.11;
-284+20: a5 =0.30; y, =0.40;

-20: a3 =0.18; 3 =0.67;
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f=0.3;

v=4.5 m/s.

Calculation procedure.

1. The yield of lamellar pieces in the fraction is more than 15% and corresponds
to the IV (the last) class of lamellar pieces content (from 25 to 35% of pieces)
according to the classification of the standard [9]. So, the improving of its pieces
shape to better classes with a lower content of lamellar grains (due to additional
crushing with a small degree of size reduction) is advisable.

2. The yield of lamellar pieces for + 28 mm slot class subfraction is
71 =0.11<0.15. Therefore, it is advisable to remove this subfraction from the

fraction by using of slot sieves. So, only subfractions of slot classes -28 + 20 mm and
-20 mm should be used for processing.

3. Let’s determine the rational design and technological parameters of the crusher
operational part using formulas (1) - (15).

The size of gap between the roll ledges is:

b=kyso; =0.65-0.028=0.018m = 18 mm,

where k, =0.65 .
The minimum value of the roll nominal diameter (by ledges) is:

b S0 =bVl+f® 0.028-0.018V1+0.3
1,min — -
1+ f2 -1 1+0.3%2 -1

=0.209 m.

Let’s take the diameter value:
D; =0.26 m =260 mm.
The maximum pitch value of roll ledges in axial direction is:
Lnaxe = kid o pin =0.67-0.040=0.027 m =27 mm,

where k; =0.67.
The minimum pitch value of roll ledges in axial direction is:

lyin =2d g, =2-0.005=0.01 m =10 mm,

where d;, =0.005 m.
The maximum radius of the roll profile ledges rounding is:



190  ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) ['eoTexniuna mexanika. 2022. No 163

A max = 0.1d0 in = 0.1-0.04=0.004 m = 4 mm.

The minimum radius of the roll profile ledges rounding is:
=0.001 m=1 mm.

N min

In this case, we finally accept that:
- the pitch of the roll ledges arrangement is:

[=0.015 m=10 mm,;
- the radius of the roll profile ledges rounding is:

1 =0.002 m =1 mm.
The radius of the roll profile hollows rounding in this case is taken as follows:

=1 =1 mm.
The angle of the roll ledges sharpening for granite is taken equal to:
ag, =90°.
The angle of inclination to the symmetry axis for the roll profile taper sections is:
L =90°-0.5a,, =90°—-0.5-90°=45°.

The height of the roll profile (the span between the ledge and the hollow in radial
direction) is:

h=0.5-tan B —(r + rz)ﬂzo.s-lo-mmso —(1+1)ﬂ:
cos cos45°
=4.2mm= 0.0042 m.
The diameter of rolls by the bottom of hollows is:
Dy, =Dy —2h=260-2-42=251.6 mm=0.2516 m.
The length of the roll working part is:

L=0.7D; =0.7-260=182 mm = 0.182 m.

The roll rotational speed is:
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v 4.5
Dy 3.14-0.26

=5.51 s' =5.51 rev/min.

The theoretical volume capacity of the crusher is:

Q=ubLv=0.25-0.018-0.182-4.5=0.0369 m*/s = 13.3 m*/hr.

The theoretical mass capacity of the crusher is:

Oy = pp0=1400-0.00369 =5.17 kg/hr = 18.6 t/hr.

4. Conclusions

1. The technique of calculating the parameters of the crusher with wave profiled rolls
for processing of the narrow-sized fractions of crushed stone in order to reduce the content
of lamellar pieces is developed for determining the rational parameters of the roll crusher
operational part in order to improve the most efficiently the shape of pieces in crushing
products.

2. Based on the above calculations, the advisability of complete or partial
improvement of the pieces shape of the narrow-sized fractions of construction crushed
stone is determined. The size of the gap between the rolls, the dimensions of the rolls, the
geometric parameters of the wave profile of rolls, the roll rotational speed and the crusher
output values are specified.

3. The area of the technique application is the calculation of parameters of the
operational part of crushers with wave profiled rolls designed to improve the shape of
pieces of the narrow-sized fractions of construction crushed stone made of hard rocks,
which are used as filler in responsible concrete and asphalt-concrete products.
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METOOWKA PO3PAXYHKY MAPAMETPIB IPOBAPKWU 3 XBUITbOBUM NPO®INEM
BAIKIB 44 OTPUMAHHA KYBOMNOAIBHUX MPOOYKTIB
Tumoe 0O.0., babiu K.B., Cyxapes B.B.

AHoTtauif. Metoto gaHoi poboTu € po3pobka METOAMKM po3paxyHKy Apobapku 3 XBUIbOBKUM Npodinem Barkie Ha
OCHOBI aHanTUYHNX Ta EKCMEPUMEHTANBbHINX AaHWX LOAO APOBNEHHS MILHMX ripHUYMX nopig y Apobapkax Takoro Tumy.
HaBeeHo BiGOMOCTI LOA0 AOLINBHOCTI BUKOPUCTAHHS NpoayKTiB kybonogibHoi (hopmu B SKOCTI 3anoBHIOBaYiB A4S BETOHIB,
aKLEHTOBaHO yBary Ha nepearu Takoro nigxogy. lpoaHaniaoBaHO OCHOBHI TN 0BnagHaHHs, WO 3haTHe BUpObNsTH
KaM'SHi NPOAYKTM 3 MiHiManbHUM BMICTOM newlagHux wmartkis. O6rpyHToBaHO BWOip came Apo6apok 3 XBUMbOBUM
npodpinem Barkie Ans nepepobki BY3bkux pakLiit WebeHio SK Takux, WO NOeaHYTb BUCOKY e(DEKTUBHICTL poboTH i3
MOMIPHUM 3HOCOM POGOYMX MOBEPXOHb Ta HWU3bKOK AWHaMiKO pobounx pexumis. HaeegeHo anroput™ BU3HAYEHHS
napameTpis Apobapky, MYHTYIOUUCE HA TEOPETUYHWX BMCHOBKAX Ta eKkCnepuMeHTanbHUX AaHux 3 ApibHoro ApobneHHs
MILHWX TipHUYMX Nopig 3 Kap'epiB YkpaiHu Ha peanbHOMY 3pasky Apobapku 3 XBurboBuM npodinem BarnkiB. B skocTi
BUXIOHUX aHUX B3ATO rpaHyNIOMETPUYHI XapaKTEPUCTUKN BY3bKUX (DpaKLiil 3a pesyrbTaTami po3ciBy MaTepiarny Ha Kpyrnux
Ta WiNMHHWX cUTax, SOMK0 NeLLaaHUX WMaTKiB y BUXiGHOMY MaTepiani, koedilieHT TepTa maTepiany 06 pobouy noepxHio
BankiB, OKpYXHa LUBUAKICTb Ha BUCTYNax Bankis. Ha oCHOBI nonepeHix JOCHigeHb aBTopiB, NOCTYNOBO BU3HAYEHI Taki
napameTpu gpobapku, Sk pO3MIp LLiAMHWA MixX BUCTYNamu Bankis, HOMIHANBLHOTO AiaMeTpa Baskis, KPOKY po3TallyBaHHS
BUCTYNIB BarkiB B OCLOBOMY HanpsiMKy, pafiyc 3a0KpYrneHHs BUCTYNIB Ta BNaguH Npodinto BarkiB, KyT 3aroCTPeHHs
BMCTYNIB BarkiB, KyT Haxumy TBIPHWX KOHIYHUX LiNSHOK, BUCOTa Npodinio, JOBXWHA poboyoi YacTuHW Bankie, YactoTta
obepTaHHs BarkiB, TEOPETWYHA NPOAYKTMBHICTL Apobapku. TakoX HaBedeHO MOZENbHUA NpuKnag po3paxyHKy
napametpis apobapku ans nepepobkn pakuii rpaHity posmipom Big 70 go 40 mm i3 newagHicTio 30%.

3pobreHo BMCHOBKM Npo Te, WO, Mo-neple, po3pobrieHa MeToauka po3paxyHky napameTpis apobapks 3
XBUMbOBMM Npodinem Bankie Ans nepepobki BY3bkux (pakLii WebeH0 3 METOK 3HIMKEHHS BMICTY NeLadHNX WMAaTKIB,
[03BOSIIE  BM3HAUMTM  [OUMbHICTE MOBHOrO abo 4acTKOBOrO NOMIMWEHHS (hOpMM LUMATKIB  BY3bKUX (ppaKLii
byaisenbHoro LebeHto. [Mo-apyre, BOHA BCTAHOBMIOE OCHOBHI XapaKTepucTuku poboyoro opraHy apobapku Ta ii
npusogdy. I1o-TpeTe, BOHA PeKOMEHAYETbCS AN po3paxyHkiB napameTpis pobo4voro opraHy Apobapok 3 XBUNbOBUM
npocinem Bankis, LLO NPU3HAYEHi ANs NOKPaLLeHHs (hOpMM LUMATKIB By3bKuX (hpaKkLiii OyaiBenbHOro webeHio 3 MiLHuX
TipHWYMX NOpid, SKi BUKOPUCTOBYKOTb B SIKOCTI HAMOBHIOBAYa Y BignoBigamnbHWX GETOHHMX Ta actanbTo-6eTOHHMX
Bupobax.

KniovoBi cnoBa: Bankoea Apobapka, XBWNbOBMIA NPOQhinb, METOAMKA PO3PaxyHKY, MELafHui LUMaToK, By3bka
(bpaKyjs, LWinuHHe cuTo.
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