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ANALYSIS AND ASSESSMENT OF THE PRODUCTIVITY OF JACK AND CONE
CRUSHERS DEPENDING ON THE FREQUENCY OF REVOLUTION OF THE WORK-
ING BODIES

ABSTRACT. The development of the construction industry today is not possible without the partic-
ipation of energy-efficient machines and equipment. A key role among such machines is occupied by crush-
ing machines, which include jaw, cone, roller, vibrating and impact crushers. The main determining param-
eters of the energy efficiency of a crushing machine, which at the same time complement each other, are
power and productivity. The impact of productivity on energy costs is obvious. There are various ap-
proaches to determining productivity, but today there is no systematic analysis of such methods and ap-
proaches that could indicate similar and different patterns of the processes of material destruction by the
working bodies of crushing machines. The paper considers methods for determining the productivity of jaw
and cone crushers. The frequency of oscillations of the working bodies of crushing machines has a signifi-
cant impact on productivity. Graphs of the dependence of productivity on the frequency of oscillations of
the working bodies of crushing machines are presented, which allow a better understanding of the charac-
teristics of productivity changes. A general equation is proposed for determining the productivity of a jaw
crusher, which should include functional dependencies on the relevant parameters. The conclusions identify
the shortcomings of existing methods for determining productivity and suggest directions for further re-
search.

Keywords: crusher, energy efficiency, productivity, oscillation frequency, degree of crushing.

AHANI3 | OUIHKA NPOAOYKTUBHOCTI LLOKOBUX TA KOHYCHUX OPOBAPOK 3A-
NEXHO BIA YACTOTU OBEPTIB POBO4YUX OPIrAHIB

AHOTALIA. Possumok 6ydigenbHoI 2any3i Ha cb0200Hi He Moxnusul 6e3 ydacmi eHepaoe-
ekmusHuUx MawuH ma obnadHaHHs. Knoyosy porb ceped makux MawuH 3atimaroms OpoburbHi Ma-
WuHU 00 sKUX 8iIOHOCSMbLCS ULOKOBI, KOHYCHI, earnkosi, gibpauiliHi ma ydapHi dpobapku. ornosHUMU
8U3HayYanbHUMU rnapamempamu eHepaoeghekmusHocmi OpobunbHOI MalWuHU, SKi 00HOYaCHO i3 yum
0oriosH0OMb 00UH 00HO20, € MoMyXHicmb ma npPodykmueHicmsb. Brinue npodykmugHocmi Ha eHep-
2o03ampamu € 04e8UOHUM. ICHytomb pisHi Nidxodu 00 8uU3HaYEHHS MPOOYKMUBHOCMI, Npome Ha Cbo-
200Hi 8idcymHil cucmeMHul aHanis makux memodie ma nidxodis, sikuli mie 6u ekazamu Ha nodibHi ma
8IOMIHHI 3aKOHOMIpHOCMI npoyecie pyliHygaHHS Mamepiarnie pobo4yumu op2aHamu OpobusibHUX Ma-
WuH. B pob6omi posanssHymo memodu eusHa4vyeHHs NpoOyKmu8HOCMI WOKO8UX ma KOHYCHUX Opobapox.
SHayHul ennue Ha npodykmueHicmb Mae Yyacmoma KosiueaHb poboyux opaaHie OpobuibHUX MawluH.
HaeedeHo epacpiku 3anexHocmi npodykmugHocmi 8i0 Yyacmomu KonugaHb pobodux opaaHie dpobu-
TNbHUX MalWuH, IKi 003807151l0Mb Kpauwje 3po3yMimu xapakmepucmuky 3MiHu npodykmugHocmi. 3anpo-
rMoHogaHe 3azalibHe PiBHSIHHSA Ons U3Ha4YeHHs MpPodykmueHocmi WokKko8oi Opobapku, ke MO8UHHO
eKmoYamu yHKUioHanbHi 3anexHocmi no 8idnogiOHuUM napamempam. Y aUcHO8Kax 8CmaHO81eHo He-
QoniKu ICHyr4YUX MemoduK 8U3HaYeHHs NpodyKmMuUugHOCMi ma 3arnpornoHo8aHoO HanpsaMKu nodasnbuwux
0ocrnidXeHsb.

Knrovoei cnoea: Opobapka, eHepzaoegekmueHicmb, npoldyKmueHicCmb, 4Yacmoma KoJlUu8aHhb,
cmeniHb OpObIeHHS.

1. Problem Statement. The development of the construction industry today is not possible
without the participation of energy-efficient machines and equipment. A key role among such
machines is occupied by crushing machines, which include jaw, cone, roller, vibrating and impact
crushers. The main determining parameters of the energy efficiency of a crushing machine, which
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at the same time complement each other, are power and productivity. The issue of energy con-
sumption lies in the field of determining the minimum energy required for the destruction of ma-
terial in the crushing chamber [9],[10]. In addition, in research and creation of methods for apply-
ing load in order to minimize energy consumption. One of such areas is the selective disintegration
method [11],[12]. The impact of productivity on energy consumption is obvious. There are differ-
ent approaches to determining productivity, but today there is no systematic analysis of such meth-
ods and approaches, which could indicate similar and different patterns of the processes of de-
struction of materials by the working bodies of crushing machines.

2. Review of Recent Studies and Publications. In work [1], in parallel with the study of
energy consumption in crushing machines, the productivity is determined as a mass balance de-
pending on the inlet and outlet. That is, the influence of the material feed parameters and individual
crusher parameters on energy efficiency is established. The work defines three types of crushing
machines: jaw crusher, vertical shaft impact crusher and high-pressure roller crusher. The influ-
ence of the crusher outlet and material feed rate on productivity is considered in more detail. An
analysis of the influence of the crushing process parameters on productivity is performed in work
[2], however, this work does not currently take into account the design features of modern crushing
equipment. In works [3] and [4], the maximum productivity of a jaw crusher is considered based
on an empirical dependence to determine the critical rotation speed. In work [5], an assessment
and analysis of crushing machines based on mechanical mode parameters, which include produc-
tivity, is performed. However, the work does not determine the functional influence of machine,
process and working environment parameters on productivity.

3. Purpose of work. Analysis of approaches and methods for determining the productivity
of cone and jaw crushers. Assessment of the influence of the frequency of rotation of the crusher
working elements on their productivity.

4. Materials and methods. The main materials for the analysis are scientific, technical
and reference literature on domestic and foreign samples of modern crushing equipment. The main
methods used in the work are the use of mathematical analysis in calculating the parameters of the
mechanical mode of crushing machines. To perform calculations and plot graphs, software was
used Wolfram Mathematica.

5. Results.

Analysis of methods for determining the productivity of jaw crushers. Let us consider
methods for determining the productivity of jaw crushers. In general, the productivity of a jaw
crusher can be written as a dependence on a number of the following parameters:

I1=(n,L,S,d,a,p,i), 1)

where n — frequency of oscillation of the moving cheek, oscillations/time period; L — length of the
crushing chamber of the crusher, m; S — movement of the movable cheek, m; d — average size of
the crushed product, m; a — angle of capture; u - the coefficient of loosening of the mass of material
that fell out of the crusher outlet slot; i — degree of crushing.

There are several different approaches to determining the productivity of a jaw crusher.
The classic approach states that the productivity of a jaw crusher is determined by the condition
that for each jaw movement or one rotation of the main shaft, a finished product in the form of a
prism of trapezoidal cross-section is discharged from the crushing chamber. In the source [6], in
the case of n complete swings of the moving jaw in 1 s, the crusher productivity is determined as
follows, m®/sec:

. 3600nLSdy

2
) o )
The average crushing product is determined based on the following relationship:
d +d_ 2e+S
d — _max min (3)

2 2
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where e — width of the discharge opening.

An important role in the productivity of the crusher is played by the speed of movement of
the movable jaw, for which there is a specific optimal range. If the rotation frequency significantly
exceeds some optimal value, then the piece of material will not have time to fall out of the crusher
and will repeatedly contact the crushing plates. Under the condition that the rotation frequency is
less than the required optimal value, the speed of movement of the pieces through the crushing
chamber will decrease. This, in turn, can lead to clogging of the crushing chamber and, accord-
ingly, a decrease in productivity.

The rotational speed of the eccentric shaft is determined from the condition that during the
deflection ts;i; movable cheek at a distance S under the action of gravity over time tz.q pieces of
crushed material fall out, having a height of h.

Based on the above, we can write:

o= : (4)

where g — acceleration of free fall, m/c.
Considering that ®=27nn and a = 20° we will get:

e 0,707

N

Formula (4) does not take into account the influence of friction forces on armor plates

during material movement, therefore the value of the speed is taken 5-10% lower. Formula 5 is

suitable for determining the speed of small and medium crushing crushers. For large crushers, the

speed is taken lower due to the occurrence of significant dynamic loads that occur during the op-

eration of large crushers. For this purpose, the coefficient is introduced into dependence (5)
k=0,6...0,75.

In the source [7] it is proposed to determine the productivity of a jaw crusher taking into

account the factor that the material unloading can occur not only when the crushing jaw departs,

but also when it approaches the stationary jaw. Based on this, the following dependence was pro-
posed:

()

n=—, (6)

where V — crushing chamber volume, m®; n — number of revolutions of the eccentric shaft; ny —
the number of revolutions of the eccentric shaft of the crusher, during which one volume of the
entire crushing chamber is unloaded.

Expanding the terms of dependence (6), the formula for determining productivity will have
the following form, m*/sec:

KesLL,,.n(B+L,,)
H =

7
2Btga (7)

where K — coefficient that takes into account the size of the crusher and depends on the size of the
loading hole; ¢ — kinematics coefficient, which takes into account the nature of the trajectory of
the moving cheek; Lmax — the largest width of the discharge opening, m; B —loading opening width.

The productivity of crushers calculated on the basis of dependencies (2) and (7) may differ
significantly from the actual data, since they do not take into account the influence of the intensity
and uniformity of the machine power supply, the shape and size of the crushing plates and their
operation. Additionally, it should be noted that the coefficients p, K, ¢ contribute their share of
uncertainty, since on the one hand they have a wide range of changes, and on the other hand the
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ranges of coefficient values were adopted on the basis of studies of domestic samples of crushing
machines, which have differences in comparison with modern foreign samples.

Considering the influence of the eccentric shaft rotation frequency in formulas (2) and (5),
it is linear. Based on the linear dependence, it is difficult to analyze a qualitative picture of the
optimal range of change in the eccentric shaft oscillation frequency.

An equally important parameter is the angle of engagement. Different sources give differ-
ent optimal values for the angle — 0=19° or 0=20°. With an increased gripping angle, the crusher's
productivity decreases. Reducing the gripping angle has no significant effect on productivity. An
analysis of the influence of the gripping angle on the operation of a vibrating jaw crusher is con-
sidered in the source [8].

Next, we will consider approaches to determining productivity based on foreign research.
Thus, in [13] the following dependence is proposed for determining the productivity of a jaw

crusher:
- 59_8{8(2% +9) LBnpK} | )
(B_ Lmin)
where Lmin — minimum size of the crusher outlet gap; p — density of the destructible material.
Dependence (8) according to a number of authors [14] is acceptable when determining the
productivity in the destruction of soft rocks. The search for a universal method for determining
productivity led to the consideration of productivity depending on the time and distance that a
particle must travel between two opposite surfaces of the working bodies of crushing machines
[15]. The maximum particle size will be determined based on the maximum distance between the
surfaces of the working bodies in the lower part of the crushing chamber. In turn, the speed of
lowering the particle to the unloading gap of the crusher will depend on how often the surfaces of
the working bodies of the crusher will approach and move away from each other. Fig. 1 shows a
calculation scheme for determining productivity. In this case, the following statement is accepted
if nc — number of cycles per minute, then the time of one cycle per second will be 60/n., in turn,
half of the cycle during which the moving cheek moves away from the fixed cheek will be - 60/2n...

Puc. 1. P 03paxyHKOBa CXCMa 10 BU3SHAYCHHS HpO,I[yKTI/IBHOCTi
Fig. 1. Calculation scheme for determining productivity

Thus, the distance that the material will travel in the crushing chamber will be:

1 (30) 44145
hz_g[_J = ) (9)

27\ n n?

c c
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Then the oscillation frequency
66.4
n=——,
Jh
Thus, for the movement of material in the crushing chamber in the direction of unloading,
a necessary condition is that the frequency of oscillation of the jaws does not exceed the frequency

determined by the relationship (10). The distance h can be determined from the angle of engage-
ment as follows, Fig. 1:

(10)

L —-L_
h — ( max mln) ’ (15)
tga
Here it is necessary to mention one more characteristic of the operation of the jaw crusher.
It turns out that at a low frequency of oscillation of the crushing jaw, the productivity is directly

proportional to the frequency of oscillation up to some optimal value, on the basis of which the
formula for determining the productivity has the form [16]:

1, =3600Sn L (2L, + s)(,'—l) , (16)
I J—

where S=Lmax-Lmin — difference between the maximum and minimum outlet clearance values; i =
B/e — the reduction ratio of the material size after it passes through the crushing chamber.
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Puc. 2. I'padik 3a1e:KHOCTI 4acTOTH 00EPTIiB EKCIIEHTPUKOBOTO BaJly BiJi IPOAYKTUBHOCTI IIIOKOBOT JIpO-
Oapku Ha ocHOBI 3anexHocTei (16) Ta (17)
Fig. 2. Graph of the dependence of the eccentric shaft speed on the productivity of the jaw crusher based
on the dependencies (16) and (17)

However, at significant frequencies of oscillation of the crushing jaw, it was found that the
productivity becomes inversely proportional to the frequency of oscillation. Based on which, the
dependence (16) is written as follows:

1
IT, =1606L (2L, +S)[n_J : (17)

Thus, the dependencies (16) and (17) make it possible to establish the optimal range of
oscillation frequency of the moving jaw of the jaw crusher. For example, let's take the Metso C120
jaw crusher with the following parameters — S = 0.0245 m, L=1.2 M, Lmin=0.1505 ™, i=4,65. Using
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dependencies (16) and (17) and the determined parameter values, we will construct the correspond-
ing graph, fig.2.

Analyzing graph 2, it can be noted that a certain optimum speed for the Metso C120 jaw
crusher will be within the point nc = 2.72 rpm. Based on the above statements, it can be assumed
that in this case the performance will decrease if the oscillation frequency is exceeded, i.e. the
value nc = 2.72 rpm. Based on the real picture of the operation of crushing machines, it can be
concluded that the optimal speed of large-sized jaw crushers and jaw crushers with a simple jaw
movement lies approximately within the limits indicated in the graph, Fig. 2. However, for jaw
crushers with a complex jaw movement and which at the same time have small dimensions, the
optimal speed is somewhat higher. Among the features of the method for calculating productivity
according to dependence (17), the following can be noted - the angle of engagement is increased
to 45 degrees, based on the fact that the jaw, as stated in the source [16], can significantly change
the angle during the crushing of the material.

Based on the dependencies (16) and (17), the formula for determining the optimal rota-
tional speed of the eccentric shaft is written as:

(18)

Considering the real values of the parameters of the recommended rotational speed of the
eccentric shaft of the Metso C120 crusher, which is equal to nc = 230 rpm = 3,83 rps and based on
the specified maximum performance, it can be concluded that the graph 2 reflects a slightly shifted
optimum point. This can be explained by the fact that dependencies (16) and (17) do not take into
account additional process parameters. For example, during the passage of the crushing chamber,
the bulk density of the material is constantly changing. In turn, dependency (2) takes into account
the bulk density using the loosening coefficient, but this value is constant. In addition, dependency
(7) takes into account the crusher size coefficient and its kinematics coefficient, which also affect
the optimal productivity value.

In addition to the main parameters that are included in the dependences (16) and (17) on
the productivity of the jaw crusher, the following additional parameters have an impact: 1) the
distribution of material particles over the volume of the crushing chamber (packing characteris-
tics); 2) the physical properties of the rock (strong, brittle, viscous rocks, etc.); 3) the bulk density
of the material; 4) the geometry of the particle surface and the surface of the crushing plate. Based
on these parameters, the general expression for determining the productivity of the jaw crusher
will have the following form:

I, = 60SL(2L,, + s)(#jm AN

i—1 - (19)

_ 2820 S('i—l)L(Zme+S)pf(x1)f(x2)f(x3)
where p — density of a particle of material; f(x1) — function of distributing material particles
throughout the volume of the crushing chamber; f(x2) — surface function of material particles; f(x3)
— function of the surface geometry of the crushing plate.
In general, similar transformations based on direct and inverse proportionality between the
frequency of oscillation of the crusher jaw and productivity can be performed for dependence (2).
In this case, the inversely proportional form of formula (2) will be as follows:

_ 44145Ldp
—

| (20)

2

75



T 4 Texnixa OyaiBHHMLITBA Bunyck/Issue 42, 2025

Similarly to the graph in Fig. 2, we construct a graph of the dependence of productivity on
the frequency of oscillations of the movable jaw of the crusher based on expressions (2) and (20).
The determined parameters for the C120 crusher remain the same.
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Puc. 3. I'padik 3anexHOCTI 4acTOTH 00EPTiB EKCIIEHTPUKOBOTO BAITy BiJl MPOAYKTHBHOCTI IIIOKOBOI JIPO-
Oapku Ha OCHOBI 3anexxHOCTeH (2) Ta (20)
Fig. 3. Graph of the dependence of the eccentric shaft speed on the productivity of the jaw crusher based
on the dependencies (2) and (20)

As can be seen from the graph of Fig. 3, the productivity value is closer to the productivity
of the real C120 crusher compared to the graph of Fig. 2. However, the optimal speed in both
graphs is the same. Again, the difference in productivity lies in the presence in formula (2) of the
material loosening coefficient and the parameter of the weighted average size of the material. It
should also be noted that the angle of engagement was taken equal to 20 degrees. In general, it can
be noted that the dependences (2) and (20) still give inflated productivity values compared to their
real values.

An excellent approach to determining the productivity of a jaw crusher relative to those
considered above is given in the source [17]. This approach consists in taking into account the
coefficient of reduction of the size of the material and additionally the coefficients of the process
conditions. When the material enters the crushing chamber, some of it may be smaller than the
output size of the CSS crusher. That is, this part of the material is almost not destroyed and simply
passes through the crushing chamber. In turn, reducing the maximum size of the input material
will lead to an increase in the amount of material, the dimensions of which are smaller than the
CSS crusher. Taking into account the above in the source [17], [18] the following dependence was
proposed for determining the productivity:

I1,; :H><180, 21)
where IT — crusher performance; ITt — crusher performance based on the degree of material de-
struction; iso = Kingo/Koutso — material size reduction ratio based on 80% feed screen pass and cor-
responding crushing product.

To take into account the physical properties of different materials, the corresponding coef-
ficients were additionally introduced into the dependence (21). Thus, the dependence (21) will
take the following form:

I, = ngokpkB . (22)
where k, — coefficient that characterizes the fracture properties of a material; k; — coefficient that
takes into account moisture content; k. — coefficient that characterizes power conditions.
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In sources [19] and [20], the productivity of a jaw crusher is determined based on the grav-
itational flow of material through the open space of the crushing chamber, t/h:

— 7.037x10°Lk(L,,, +S)

min

, (23)

\'%

where k — cheek geometry coefficient (k = 0.18-0.3 — for a straight cheek profile, k = 0.32-0.45 —
for cgrved cheek profile). Dependence (23) is valid for a material with a specific density 2,65
kg/m?®.

Returning to the optimal speed of rotation of the eccentric shaft in the source [21], problems
were identified with the dependence (18), which assumes underestimated speed values when the
gap of the crusher inlet is too large or too small. Based on which the following empirical depend-
ence was proposed:

—0.21233)

v=280e""**) + 2006 (24)

Thus, we see that the productivity of a jaw crusher depends on a significant number of
parameters and today the methods for calculating productivity still include empirical dependen-
cies. For further research, I see a scientifically sound basis for the approach implemented on the
basis of (2) taking into account the functions that include dependency (19).

Analysis of methods for determining cone crusher performance. The main parameters
of cone crushers are: 1) angle of engagement; 2) rotational speed of the moving cone; 3) produc-
tivity; 4) power; 5) crushing force.

Due to the peculiarities of the movement of the inner cone relative to the outer cone and
the design features, the calculation of the crushing force of a coarse-crushing cone crusher differs
from the calculations of the crushing force of medium- and fine-crushing cone crushers. Fig. 4
shows the calculation diagram of a cone crusher.
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Puc. 4. Po3paxyHkoBa cxeMa KOHYCHOI ApoOapKH /10 BU3HAYEHHS 11 MPOyKTHUBHOCTI:
a — cxema JI0 po3paxyHKH 00’eMy MaTepiary KOHYCHOI Apo0apKu KPYITHOTO IPOOJIeHHS; O — cXeMa JI0 pO3paxyHKH
00’eMy MaTepiaxy KOHyCHOI JpoOapKu CepeJHHOTO Ta MIIIKOTO IPOOICHHS
Fig. 4. Calculation scheme of a cone crusher before determining its productivity:
a — scheme for calculating the volume of material for a cone crusher for coarse crushing; b — scheme for calculating
the volume of material for a cone crusher for medium and fine crushing

The volume of the input material pieces is the sum of the material particles with diameter
D, which are placed along the length of a circle with a diameter equal to the average diameter of
the loading annular opening Dcp. In turn, the volume of the starting material is calculated based on
the average diameter of the crushing product. d.,, which is placed along the length of the circle of
the discharge annular opening. Then for the volume of material of the coarse crushing crusher we
can write the following dependence, fig.4, a [7]:
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nD’ Wy _md 1y, (25)
6 D 6 d

Medium and fine cone crushers differ from coarse cone crushers in the profile of the crush-
ing chamber, i.e. they have a smaller discharge gap and an increased length of the parallel crushing
zZone.

During one revolution of the eccentric cup, the material passes through a parallel zone of
the crushing chamber. Then, during one revolution, the crusher will produce a finished product
with a volume of:

V=

V=nDlb, (26)

Dependence (26) does not take into account the difference in the sizes of the input and
output material, as well as the number of individual particles in each layer. Therefore, expression
(30) for the volume of the material can be rewritten as follows, fig.4, b:

3 3 3
AV = “El N, + “EZ N, —“g N,, (27)

where D1, D2, d — diameters of pieces of material in the upper zone and the parallel zone, m;
N1,N2,N3 — number of pieces of material placed in the first and second rows and in the parallel
zone. Expressing N in terms of the ratio of the lengths of the corresponding circles and the diam-
eters of the crushed pieces, we have:

_nD} 7D, N nD3 nD,, B nd® nD,

AV s
6 D, 6 D, 6 dd

(28)

Since there are differences in the designs of cone crushers for coarse crushing (gyration
cone crushers) and cone crushers for medium and fine crushing, the determination of productivity
according to individual methodologies is somewhat different. Thus, in work [7] for gyratory cone
crushers, productivity is determined as follows:

_ 3600nD,, 2r(e+r)nu

k.r.1 '

tga, +tga.,

(29)

where a1 and o2 — respectively, the angles generated by the fixed and moving cones with the ver-
tical, degree; D, — average diameter of the crushed stone ring, m; e — size of the crusher discharge
gap with the cones close together, m; n—number of revolutions of the inner cone, s**; u — finished
product fluffing coefficient, p = 0,35...0,5; r — eccentricity of the vibrations of a moving cone, m.

The calculation of productivity according to the dependence (29) is based on the fact that
during one complete oscillation of the moving cone a certain volume of crushed stone falls out of
the crusher. The frequency of oscillations of the moving cone is determined on the basis that half
the time of the complete oscillation of the moving cone should be equal to the time of falling out
of pieces of a certain height from the crushing chamber. Then the optimal angular velocity will be

equal to:
0=4,9 [t 0% e (30)

In dependencies (29) and (30) there are parameters that are difficult to determine, so the
following values can be taken for them. So, the sum of angles a1 and o2 should not exceed the
limits of 21...23 degrees. The value of eccentricity can be taken based on the dependency — r =
(0,01...0,02)B, where B is the width of the loading hole.

Next, we transform the dependence (30) in such a way as to obtain an inversely propor-
tional dependence of the productivity on the frequency of oscillations of the moving cone. In this
case, we can write:
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_ 4410mD,, (e + r)u

HK.r.Z ' (31)
n

For the analysis, we will use the Kubria G150 cone crusher model with the following pa-
rameters: 01=11°, 02=18° D¢, =1.5425 m, r=0.0075 m, €=0.035 m, B=0.5 m, p=0.4.

The graph of the dependence of productivity on the rotational speed of the moving cone is
shown in Fig. 5. The optimal rotational speed of the moving cone for the Kubria G150 cone crusher
IS 6.512 rps = 390 rpm. However, it is known that in cone crushers for coarse crushing, the range
of speed changes is within 100-300 rpm, most cone crushers for medium and fine crushing operate
at frequencies that do not exceed 500-800 rpm. The limitation of speed is associated with many
negative effects, such as the imbalance of the significant oscillating mass of the moving cone,
which requires a significant increase in the foundation, the danger of the moving cone shaft jam-
ming in the eccentric at idle, and a decrease in the reliability of the lower support of the moving
cone.
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Puc. 5 I'padik BImMBY 9acToTH 00EPTIB pyXOMOI'O KOHYCa Ha MPOJLYKTHBHOCTI KOHYCHOT JJpo0apKu KpyT-
HOTO JIpOOIICHHS
Fig. 5 Graph of the influence of the speed of the moving cone on the performance of the coarse crushing
cone crusher

It is worth noting the underestimated productivity values with a direct proportional depend-
ence on the speed. For example, for the Kubria G150 crusher, according to the technical charac-
teristics, the maximum productivity is 750 t/h, which at a bulk density of the material of 1.6 t/m?
will be 468.75 m3h. That is, a more realistic picture of productivity is reflected by the inversely
proportional dependence. However, in the inversely proportional dependence, inaccuracy is intro-
duced by the productivity values in the vicinity of zero values of the speed. In addition, in depend-
ences (29) and (31), significant uncertainty is introduced by the material loosening coefficient p,
which varies within wide limits.

For medium and shallow cone crushers, the rotational speed of the eccentric cup or the
number of oscillations of the moving cone are determined based on the dependence:

siny—fcosy
2

where y — angle of inclination of the surface of the crushing cone to the horizon; f — coefficient of
friction of crushed stone by material, =0.36; | =1/(12D)- length of parallel zone for medium

n>75 : (32)
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crushing cone crushers; D — diameter of the base of the moving cone. In medium and shallow cone
crushers, the angle y >45 degrees.
The productivity of medium and fine crushing crushers will be as follows [10]:

I, ., =3600unD, lbn , (33)

where b — width of parallel zone, m; p =0.45 — finished product fluffing coefficient.

As an example, let's take the Metso HP400 cone crusher, which has the following param-
eters: Dep = 1.32 m; b=0.03 m; 1=0.0631 m; p = 0.45; y=50°, f=0.36.

Productivity in the case of inverse proportionality will have the following form:

~101250unD,,b(siny —f cosy)

K.c.2 !

n

(34)

The graphical dependence of productivity on the speed of rotation for the Metso HP400
cone crusher is presented in Fig. 6.

Based on the graph in Fig. 6, it can be noted that the optimum point is overestimated for
this crusher. Thus, the Metso HP400 cone crusher at a speed of 6.9 rps, has productivity 393.75
mé/h. Thus, the dependences for determining the productivity of cone crushers, similarly to jaw
crushers, do not take into account additional parameters that have an impact on the crushing pro-
cess. In general, the angle of inclination of the straight line in the graphs of Fig. 5 and Fig. 6 should
be greater, which will reflect the real picture of the process. After passing the optimum point, the
productivity will begin to decrease in an inversely proportional relationship.

I1, M3 /rox
700

600 [Ik.c.2

2001 Mk.c.1
4001 16.272 /

300 206.955

200

100 —

Puc. 6 I'padik BrumBy yacToT 00€pTIB PyXOMOr0 KOHYCa Ha MPOIYKTUBHOCTI KOHYCHOI
IpobapKu cepeHbOro ApOOICHHS

Next, we will consider other approaches to determining the productivity and speed of the
moving cone. In [22] it is noted that the speed of rotation of the moving cone of a coarse crushing
cone crusher is inversely proportional to the size of the feed material:

s 665(siny —f cosy)

NG ,

(35)

where d — input material size, cm.
Determining the performance of a coarse crushing cone crusher in works [14], [15] is pro-
posed as follows:
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M, =0.35msiny(L,,, + L., )eH(siny—fcosy)™ (36)

where H —crushing chamber height; Lmax , Lmin —maximum minimum unloading distance between
the moving cone and the fixed one.

In general, dependence (36) is similar to dependences (29) and (33). In the source [16], an
approach to determining productivity is considered similar to that used in jaw crushers. That is,
the cross-section of the material layer and the time for which this layer passes the crushing chamber
are considered. The dependence is written in the following form:

(sz B Lmin ) 7-CLminS60nk
tana ’

I, = @37)
where D, — outer diameter of the fixed cone at the point of unloading, m; S — cone stroke length
at the unloading point, m; Lmin — minimum outlet size, m; n- number of revolutions of the moving
cone, rpm; K — constant that defines a material characteristic, k=2...3; a — angle of capture.
Another approach to determining the productivity of a cone is considered in [17], which is
based on taking into account the Bond work index. The dependence itself has the following form:

Vlepm (Lmax - I—min ) ( Lmax + I—min ) k
ip = - !
|

i—-1

(38)

where W; — Bond work index; D — diameter of the bowl in a given cross-section; k — statistical
coefficient (k=0.5 — for soft materials, k=1 — for solid materials).

The determination of productivity based on correction factors is discussed in the source
[18]. The dependence for determining productivity has the following form:

HM = klk2k3k4D2eanax (39)

where ki — coefficient, for efficiency k=0.6; k2 ks ks — coefficients that take into account feed size,
hardness and moisture content of the material; D — diameter of the base of the moving cone; e -
lower eccentricity of the axis of the moving cone, m; Lmax — width of the discharge opening on the
open side, m.

6. Discussion. From the analysis and evaluation of various methods for determining the
productivity considered in the work, it can be noted that in many cone crushers the process of
destruction of large pieces of material occurs when a moving cone applies a load cyclically, after
which the material undergoes destruction. A similar situation is observed in jaw crushers. This
can be explained by the geometry of the crushing chamber, the kinematic features of the crusher,
the physical properties of the material and the uniformity of the material placement in the space
of the crushing chamber. In turn, the angles of engagement in the lower zone of the crushing
space and the curvilinear profile in the lower part of the crushing chamber have a smaller impact
on the productivity, the change of which does not lead to a significant increase in the productivity
of the crusher. The angular velocity of the eccentric shaft has a significant impact on the produc-
tivity of the crusher. However, the speed of the eccentric shaft is limited due to the design features
of the crushing machines.

7. Conclusions. Most of the considered methods for determining the productivity of cone
crushers, similarly to jaw crushers, do not take into account the distribution of material in the
crushing chamber, the geometry of the material and crushing plates, and the physical characteris-
tics of the material. The absence of these parameters in many dependencies is compensated by the
introduction of appropriate correction factors, which cannot fully characterize the process of ma-
terial destruction within a wide range of its changes.

When using the above-mentioned dependencies to determine productivity, there is a dif-
ference from the actual productivity of cone crushers, which indicates the lack of an adequate
methodology for determining the theoretical productivity of cone and jaw crushers.
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