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Hasoulickuli 2cocydapcmaeHHbIl 20pHO-mexHo102u4eckull yHusepcumem, Hasou,
Pecnybauka Y36ekucmaH

ONPEAE/IEHUE 3ABUCHUMOCTH PABOTbI IfOHYCHOﬁ APOBUJIKH
OT EE CPEJHEMU IIOTPEBJIAEMOU MOIIHOCTH

AHHOTauMa. /pobaeHue u udmesbyeHue MUHEPAAbHO20 CbiPpbs WUPOKO
pacnpocmpaHeHsvl 8 20pHOJ06bIsaOWel U CMmpoumebHOl NPOMbIUL/IEHHOCMU U
S8/10MCST MEXHO/A02U4EeCKUMU NPOYEccamu, mpeoyrnuwumu 604bWuUX 3ampam
3/1leKmpo3Hepauu, Ha 0010 KOmopblX npuxodumcs 0ko/0 25 % nompebasemoul
20pHO006bIBAIOWUMU NpednpusimusiMu 3/1eKmposHepauu. B Hacmosiwee epemsi
npoyeccovl 0pobaeHUsl 18A9H0MCSI 0OHUMU U3 CAMbIX IHEP20EMKUX onepayull, Ha
ux dos110 npuxodumcs 6oaee 55-65 % obwux sHepaopecypcos nepepabamuieaio-
wux npednpusimutl. [loamomy akmyaibHbIM 5168./151emcsi 8b160p 060pyJ08aAHUS 0151
noeblweHus1 IHep2o03pPekmusHocmu npoyecca nod2o0moskKu u pazeumusi pyobi,
npuMeHeHue 8bICOKONPOoU3800UMeaAbHO20 060pyd08aAHUSI C 601bWOL eOUHUYHOU
npou3godumesabHOCMbIO, yCculeHue npoyecco8 0pobseHus, pa3pabomka mexHu-
yeckux pewleHull. bvlau npogedeHbl 3KkcnepuMeHMaNbHble IKCNepuMeHmubl C UC-
No0/1b308AHUEM OCHOBHbIX NAPAMEmpo8 KOHYCHOU Opobuiku (KoagguyueHm
dpobsieHus ((ppakyuoHuUpo8aHus), ycuiue cicamusi, CKOpoCmsb 8paujeHuUs1 KOHycd
U Hazpy3Ka) U 8bvlsie/1€Hbl OCHO8Hble npuopumemsl 0151 OCMUNMCEHUSI ONMUMA/1b-
HOUl pabomul U 3HEP203(h PeKmuUBHOCMU.

KiloueBble cji0Ba: KOHYycHble Opobusku, kKoagguyueHm OpobieHus
(PpakyuoHuposaHus), ycuaue cxcamusi, 31eKmponpusodbl, MOUWHOCMb 3/1€KMpo-
deuzamessi, duamemp JHUwa O0pobsauje2o KOHycd, WUpUHA NPUEMHO20 omeep-
cmusi ¢ OMKpbIMOlU CMOPOHbI, pabo4asi MOWHOCMb, Kpenocms pydbl, 3/4eKmpo-
npueod, CKOpocmbv 8pAWEHUS], YPOBEHb HA2PY3KU

DETERMINING THE RELATIONSHIP BETWEEN THE WORKING PROCESS
OF A CONE CRUSHER AND ITS AVERAGE POWER CONSUMPTION

Jasur Sadriddin ugli Olimov
olimovjasur2328@gmail.com
Navoi State Mining and Technological University, Navoi, Uzbekistan

© OsinmoB [Ixxacyp CagpuaauH yrau, 2025
HH>XeHepHbIe CUCTeMbI M 3HepreTrka. 2025. Ne 2. C. 21-28.
Engineering systems and energy. 2025;(2):21-28.

21



Online electronic
scientific Journal

<<< Engineering systems and energy, N22 (2)
Abstract. In the mining and construction industries, the processes of crush-
ing and grinding of mineral raw materials are widespread and are energy-
intensive technological processes, accounting for about 25 % of the electricity con-
sumed by mining enterprises. Currently, crushing processes are one of the most en-
ergy-intensive operations, accounting for more than 55-65 % of the total energy
resources of processing enterprises. Therefore, in the process of ore preparation
and development, it is urgent to select equipment, use high-performance equip-
ment with large unit capacity, strengthen crushing processes and develop tech-
nical solutions to increase energy efficiency. Experiments were conducted using the
main parameters of the cone crusher (crushing (fractionation) coefficient, com-
pression force, cone rotation speed and load), and the main priority tasks for
achieving optimal working process and energy efficiency were identified.
Keywords: cone crushers, crushing (fractionation) coefficient, compression
force, electric drives, electric motor power, bottom diameter of the crushing cone,
width of the receiving hole on the open side, working power, ore hardness, electric
drive, rotation speed, load level

Introduction. In order to determine the specific energy consumption of a
crusher and evaluate its energy efficiency, it is necessary to study its energy
characteristics and the relationship between the crusher's performance and its
average power consumption. Through this, a series of recommendations are
introduced for the evaluation of the energy efficiency of a cone crusher and
energy saving.

Object, method and results of the study. Using an analytical model, a
numerical experimental method is used to determine the power consumption
and specific energy consumption depending on the parameters of the crushed
material and its operating modes [1, 2]. In the study, the following formula was
used to determine the power consumption of an electric motor.

cijnDk s o
Nm = M(Dw - dsv)nKpr

Where; g,;- compressive strength of a material over time, MPa; Dk - diam-
eter of the base of the crushing cone, m; E — modulus of elasticity of the material,
MPa; n - mechanical efficiency of the drive; Dy and dsv - the average size of the
starting material and the crushed product, respectively, m; n - Rotation frequen-
cy of the grinding cone, rpm; K- - the total correction factor, taking into account
the size and design of the crusher, the dynamics of the crushing process and the
degree of filling of the crushing chamber.

The research was carried out in the ore crushing process at the 2nd Hy-
drometallurgical Plant, 1st workshop, on a KKD-1500/180 GRSh cone crusher
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on an AK4-450Y-10UZ phase rotor asynchronous motor shaft. This type of
crusher has high reliability, high productivity, simple and easy maintenance,
which makes it preferable over other types of crushers [3, 4].

Table 1
The technical parameters of the selected crusher, KKD-1500/180 GRSh
Parameter KKD-1500/180 GRSh
Base diameter of the crushing cone, mm 180
Width of the receiving hole on the open side, mm 1500
The largest size of the loaded material, mm 1200
Working capacity, m3/h 2240
Weight, tons. 406
Electric motor power, kWt 400

The parameters of the crushed material are given in accordance with the
Muruntov deposit: compressive strength of the material over time o,;- 60-130

MPa; average value of material compressive strength gsj— 99 MPa; modulus of

elasticity of the material E - 7000 MPa; material softening coefficient m - 0,5;
ore density rm — 2,7 t/m3.

To calculate the power of the electric motor for the various parameters
under study, it is necessary to calculate K, — a general correction coefficient that
characterizes the size and design of the grinder.

To find the value of K- according to formula (1), the following expression
is used:

K = _001224ENmn
PT 6ZmDy(Dé,-d3,)n’ (2)

For the KKD-1500/180 GRSh cone crusher under consideration, the total
correction coefficient, K,-= 1,39, characterizing the size and design of the crush-
er, was calculated, assuming a discharge gap width of 10 mm with a Dsy= 60 mm
and an average size of crushed particles of dsy= 20 mm [5-9].

Assuming that the size of the crushed product is equal to the width of the
discharge gap, the dependences of the productivity (Q), the power consumed by
the electric motor (P), and the specific energy consumption of the cone crusher
(W) on the crushing (fractionation) coefficient (i) are calculated and presented
in Table 2 and Figure 1.
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Table 2
Dependence of specific energy consumption
on the fractionation coefficient
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0,011 6,00 51,24 142,38 | 242,65 | 296,45 0,17 0,47 0,82
0,014 4,63 50,25 139,57 | 235,87 | 384,09 0,14 0,36 0,61
0,016 3,74 48,98 136,04 | 22993 | 472,73 0,10 0,28 0,48
0,020 3,15 47,45 131,75 | 222,68 | 561,36 0,09 0,23 0,40
0,022 2,72 45,63 126,76 | 214,27 | 650,00 0,07 0,20 0,33
0,024 2,41 43,57 121,04 | 204,53 | 738,64 0,06 0,17 0,28
0,031 1,87 37,76 104,79 | 177,16 | 945,46 0,04 0,11 0,18
0,037 1,59 31,57 87,72 148,23 | 1122,73 0,03 0,08 0,13
0,045 1,34 23,06 67,07 109,22 | 1329,55 0,02 0,05 0,08
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Fig. 1. Dependence of the specified energy consumption
on the fractionation coefficient

From the data in Figure 1, it follows that when the crushing coefficient

changes from i = 1.3 to 6 for a material compressive strength of = 130 MPa, the
crusher productivity decreases from 1330 t/h to 296 t/h; the power consumed
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by the electric motor increases from 109 to 242 kWt, and the specific energy
consumption increases from 0.08 to 0.82 kW /t.

The dependence of specific energy consumption on the compressive
strength of the source material and the dependence of specific energy consump-
tion on the compressive strength of the material are presented in Table 3 and
Figure 2 below.

Table 3
Dependence of specific energy consumption on the compressive strength
of the material
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70 51,3 64,4 68,4 | 9455 | 561,4 | 385,1 0,05 0,12 0,18
80 67,1 84,36 | 89,35 | 945,5 | 561,4 | 385,1 0,07 0,15 0,23
90 84,98 | 106,7 | 113,1 | 945,5 | 561,4 | 385,1 0,09 0,19 0,29
100 104,8 | 131,8 | 139,6 | 945,5 | 561,4 | 385,1 0,11 0,23 0,36
110 126,8 15;9’4 165’9 945,5 | 561,4 | 385,1 0,13 0,28 0,44
120 150,9 | 189,7 | 201,0 | 945,5 | 561,4 | 385,1 0,16 0,34 0,52
130 177,17 | 222,7 | 239,9 | 945,5 | 561,4 | 385,1 0,19 0,40 0,62
N.kwt 1000 0.7 W, kWtit
900
0,6
800
700 0.5
—@— Power at i=1,9
o0 0.4 —@— Power at i=3,2
500
200 0,3 Power at i=4.6
300 02 Productivity at i=4.6
200 —@— Productivity at =1.9
0,1
100
0 ~ 0
50 70 90 110 130 150
Commpressive strength, MPa

Fig. 2. Dependence of specific energy consumption
on the compressive strength of the material
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When the compressive strength changes from 60 MPa to 130 MPa at i=4.6,

the power consumed by the crusher electric motor increases as a quadratic

function from 50 kWt to 235 kWt, while the productivity remains equal to 385

t/h, and the specific energy consumption increases from 0.14 kW/t to 0.62 kWt.

Table 4 and Figure 3 show the dependence of power, efficiency, specific energy
consumption on the cone rotation speed.

Table 4
Dependence of energy consumption on the cone rotation speed

Comparative
Cone rotation Power consumed ener
by the electric Productivity Q, t/h &Y
speed, rom motor. kKWt consumption,
’ kWt/t
700 129,3 174,3 0,745
800 146,7 197,0 0,745
900 165,0 221,6 0,745
1000 183,3 246,2 0,745
1100 201,7 270,8 0,745
1200 225,0 298,5 0,745
N, kWt 350 0,95 W, kWit/t
300 Y i Power
. ‘ 0,9
250 P . i) Productivity
200 0.85 Specefic energy
COI]SLUTHPUOI]
150 0,8
100
0,75
50
0 0,7
0 500 1000 1500
n, Rpm

Fig. 3. Dependence of the specified energy consumption
on the cone rotation speed

From Figure 3, it follows that when the crusher rotation speed increases from
700 to 1200 rpm, the productivity increases from 174 to 298 t/h, while the power
increases from 129 to 225 kWt in direct proportion to the crusher productivity, and
the specific energy consumption remains unchanged at 0.745 kWt/t.

26



The study allowed us to identify the parameters that affect certain energy
consumption. Based on the above relationships, the following conclusions can be
drawn:

1. As the grinding ratio increases, the power consumed by the electric
drive motor increases unevenly, the efficiency of the crusher decreases, and the
specific energy consumption value increases;

2. With an increase in the compression force limit and a constant grinding
ratio, the power consumed by the electric motor of the crusher and the specific
energy consumption increase, but the efficiency does not change;

3. With an increase in the rotation speed, the power consumed by the
electric motor of the crusher and the productivity of the crusher increase in di-
rect proportion. In this case, the specific energy consumption does not change;

4. The established dependences of specific consumption on the initial ma-
terial parameters and the operating modes of the crusher allow assessing its en-
ergy efficiency and can be used to automate the crushing process.

In conclusion, based on the analysis of the research results, technical so-
lutions are proposed to increase the energy efficiency of the cone crusher. That
is, the hardness of the ore being processed is directly proportional to the force
required to crush it, and an increase in this force leads to an increase in the
power consumption of the electric motor. At the same time, increasing the cone
rotation speed leads to a significant increase in productivity. However, this also
leads to a proportional increase in power consumption. Therefore, by providing
an optimal operating mode of the cone crusher, taking into account the size of
the ore discharge slot, cone speed, ore hardness and fractionation coefficients, it
is possible to stabilize the power consumption of the electric motor. As a result,
it becomes possible to achieve significant energy savings.
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