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ANALYSIS AND ASSESSMENT OF THE PRODUCTIVITY OF JAW CRUSHER
DEPENDING ON THE FREQUENCY OF REVOLUTION OF THE WORKING
BODIES

Yevhen Mishchuk, Associate Professor, PAORCID: 000600027850:0975),
1Kyiv National University of Civil Engineering and Architecture, Air Force Avenue 31, 03037, Ukraine

ABSTRACT. The development of the construction industry today is not possible without the participation of energ
efficient machines and equipment. A key role among such machines is occupied by crushing machines, which include jaw,
roller, vibrating and impact crushers. The main determining parameters of the energy efficiency of a crushing machine, wt
at the same time complement each other, are power and productivity. The impact of productivity on energy costs is obv
There are various approacheo determining productivity, but today there is no systematic analysis of such methods al
approaches that could indicate similar and different patterns of the processes of material destruction by the workiof bodie
crushing machines. The paper comsglmethods for determining the productivity of jaw crushers. The frequency of oscillation
of the working bodies of crushing machines has a significant impact on productivity. Graphs of the dependence of product
on the frequency of oscillations oftlworking bodies of crushing machines are presented, which allow a better understandin
of the characteristics of productivity changes. A general equation is proposed for determining the productivity of &g crus
which should include functional depemties on the relevant parameters. The conclusions identify the shortcomings of existir
methods for determining productivity and suggest directions for further research.

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

Introduction. The development of the construction industry today is not possible without th
participation of energefficient machines and equipment. A key role among such machines is occupied
crushing machines, which include jawone, roller, vibrating and impact crushers [10]. The main
determining parameters of the energy efficiency of a crushing machine, which at the same time complel
each other, are power and productivity. The issue of energy consumption lies in the dieldrofining
the minimum energy required for the destruction of material in the crushing chamber [1],[2]. In additic
in research and creation of methods for applying load in order to minimize energy consumption. On
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such areas is the selective disgraion method [3],[4]. The impact of productivity on energy consumption
is obvious. There are different approaches to determining productivity, but today there is no systen
analysis of such methods and approaches, which could indicate similar asrérdifbatterns of the
processes of destruction of materials by the working bodies of crushing machines.

Review of Recent Studies and Publicationgn work [5], [9] in parallel with the study of energy
consumption in crushing machines, the productigtgetermined as a mass balance depending on the inle
and outlet. That is, the influence of the material feed parameters and individual crusher parameter
energy efficiency is established. The work defines three types of crushing machines: jaw ceustar,
shaft impact crusher and higinessure roller crusher. The influence of the crusher outlet and material feg
rate on productivity is considered in more detail. An analysis of the influence of the crushing proc
parameters on productivity is peried in work [6], however, this work does not currently take into
account the design features of modern crushing equipment. However, the work does not determing
functional influence of machine, process and working environment parameters on prgductivit

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

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

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

1 =(n L,Sadm), (1)

where ni frequency of oscillation of the moving cheek, oscillations/time periadehgth of the crushing
chamber of the crusher, mj $novement of the movable cheek, ni; average size of the crushed product,
m; T&dngl e of -the agefficient ef loosening of the mass of material that fell out of the crushe
outlet slot; ii degree of crushing.

There are several different approaches to determining the productivity of a jaw crusher. The cla
approach states that the productivity of a jaw crusher is determined by the condition that for each
movement or one rotation ofédhmain shaft, a finished product in the form of a prism of trapezoidal cross
section is discharged from the crushing chamber. In the source [7], in the case of n complete swings ¢
moving jaw in 1 s, the crusher productivity is determined as followsgar

360LSdm
Vys——— 2)
tga

Here it is necessary to mention one more characteristic of the operation of the jaw crusher. It turns
that at a low frequency of oscillation of the driumgy 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
productivity has the form [8]:

1

alL
1. =3600Sn(R,, |_+)§T§1 . 3)

where S=lhaxLmin T difference between the maximum and minimum outlet clearance values; i tHg&/e
reduction ratio of the material size after it passes through the crushing chamber.
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Fig. 1. Graph of the dependence of the eccentric shaft speed on the productivity of the jaw crusher:
a) based on the dependencies (3) ard)){ b) based on the dependencies (2) and (6)

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

1, =16061(2 J, + )%% . (4)
G'e -

Thus, the dependencies (16) and (17) make it possible to establish the optimal range of oscille
frequency of the moving jaw of the jaw crusher. For example, let's take the Metso CXk2Qgher with
the following paramete’sS = 0. 0245 mglyx OL.=115.025 oz, Li =4, 65. Us|
(17) and the determined parameter values, we will construct the corresponding graph, fig.2.

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

ai-lo

_6OS¢2mlnL+ ﬁg Q—f (1)f ( %() (f3) X’ (5)

= 2820 sz" 82Lm.n iy (%) (¥

w h e ri @engity of a particle of material; f(xi function of distributing material particles throughout the
volume of thecrushing chamber; fex1 surface function of material particles; 4% function of the surface
geometry of the crushing plate.

In general, similar transformations based on direct and inverse proportionality between the freque
of oscillation of the arsher jaw and productivity can be performed for dependence (2). In this case, t
inversely proportional form of formula (2) will be as follows:

4414.3.dm
Vs (6)

Similarly to the graph in Fig. 1, we construct a graph of the dependdn@eductivity on the
frequency of oscillations of the movable jaw of the crusher based on expressions (2) and (20).
determined parameters for the C120 crusher remain the same.

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

Discussion.From the analysis and evaluation of various methods for determining the productivi
considered in the work, it can be noted that in jaw crushers the process of destruction of large piec
material occurs when a loadagclically applied by a moving cone, after which the material undergoe:s
destruction. This can be explained by the geometry of the crushing chamber, the kinematic features c
crusher, the physical properties of the material and the unevenness ofehalrsgicking in the space of
the crushing chamber. In turn, the angle of engagement in the lower zone of the crushing space an
curvilinear profile of the crushing plate have a smaller impact on the productivity, the change of which d
not lead toa significant increase in the productivity of the crusher. The angular velocity of the eccent
shaft has a significant impact on the productivity of the crusher. However, the speed of the eccentric s
is limited due to the design features of the cingimachines.

Conclusions.Most of the considered methods for determining the productivity of jaw crushers do n
take into account the distribution of material in the crushing chamber, the geometry of the material
crushing plates, the physical chamdtics of the material. The absence of these parameters in mar
dependencies is compensated by the introduction of appropriate correction factors, which cannot |
characterize the process of material destruction within a wide range of its change.uSifiterihe
dependencies considered above to determine productivity, there is a difference from the real product
of jaw crushers, which indicates the lack of an adequate methodology for determining the theoret
productivity of these crushing machgme
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ABSTRACT.Annually, about 25%fcelectricity and 2% of metal are consumed from their total production in the process
of manufacturing and processing building materials. More than 60% of operating costs from their total volume in quarries &
construction sites are the costs of crushamgl sorting equipment. The main machines for coarse and medium crushing toda
are jaw crushers, which operate on the principle of periodic loading of material with movable crushing jaws. These machi
have a significant energy intensity of the work precasd metal intensity of the equipment. Mobile crushing and sorting
complexes are used in cyeflow technologies of rock development to transfer the main stages of their crushing to the quar
in order to reduce transportation costs, improve the enviemtal safety of opepit mining by reducing dust. Capital costs for
MDSK are higher than in a stationary opegit installation, since the cost of the chassis is3996 of the cost of the installation.
The location of the equipment on a mobile frame comigéc maintenance and repair and preventive work, but these
disadvantages are compensated by the mobility of such complexes. At the same time, an urgent issue is increasing the
efficiency of such machines, which can be implemented on the basiswiepde optimization of their work process.

Keywords: crushing and sorting complex, energy efficiency, productivity, power, fuel efficiency.

Introduction. Capital costs for a mobile crushing and sorting plant are higher than in a statione
openair installation, since the cost of the chassis i8@% of the cost of the installation [1]. The location
of the equipment on a mobile frame complicates maintenance and repair and preventive maintenance
these disadvantages are compensated dynibbility of such complexes [2]. One of the advantages of
mobile crushing and sorting complexes is their use in dense urban areas when processing constrt
waste. As a result of such processing, secondary crushed stone is formed, suitable forderther u
construction [3].

Based on the above, an urgent issue is to increase the energy efficiency of mobile crushing and sc
complexes, which can be implemented on the basis of parametric optimization of their work process.

Review of Recent Studiesrad Publications. In work [6], the use of mobile crushing and sorting
complexes in the development of solid mineral deposits was justified. The emphasis in the work was
considering the operation of the MDSC in combination with extraction, loading argphord equipment.
However, a detailed consideration of the parameters of the MDSC was absent in the work and it is not
what calculation algorithms were used in the study. In work [7], the issue of the great demand in the w
for the processing ofonstruction waste was considered. The key place in the processing chain is mot
equipment. For this purpose, the work schematically presents options for combining various equipmen
optimal processing of construction waste. In addition, one shoultbrget about the requirements for
building materials that the final processing product must meet, which is also covered in the work. Howe
there is no review and analysis of the existing market for such machines. In work [9], an assessmen
analysisof separate crushing machines that are part of mobile crushing and sorting complexes
performed.
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Purpose of work.Assessment and analysis of crushing and screening complexes and determina
of important mechanical parameters that significantly atfeetefficiency of equipment operation within
the complex and construction site

Materials and methods.The main materials for the analysis are scientific, technical and referenc
literature on domestic and foreign samples of modern crushing equipmemhairhenethods used in the
work are the use of mathematical analysis in calculating the parameters of the mechanical mode
criterionbased assessment

Results. The scope of use of MDSK is: 1) primary and secondary crushing of rocks; 2) processing
congruction waste; 3) sorting of material by fractions [7].

Fig. 1, a shows the structure of the Lokotrack LT106 mobile crushing and sorting complex. T
principle of operation of the complex is as follows. The material is fed by an excavator into thg load
hopper 3, which has a lining from the inside, and also due to the hydraulic transmission can change
volume of the loading chamber, which allows you to optimize the material feeding process and reduce
unevenness of its feeding. After loading, thaterial begins to move longitudinally along the feeder 2,
which contains a grate screen for screening out small items and reducing the clogging of the crus
chamber. The screenings fall onto the folding conveyioH5-4 [8].

Fig. 1. Mobile crushing and sorting complexes:
ai Metso LT106 (:H5-4 conveyor; 2i feeder with grate screen; 3 hydraulically adjustable loading hopper; 41 jaw
cr usher i HID-016H1018 main conveyor; 6i engine CAT C9 and transmission C7.1;Tcr awl er <has
Kleeman Mobicat MC 110(i) EVO2 (17 bunker; 2 7 screen; 3i jaw crusher; 471 drive; 5T magnetic separator; 61
conveyor; 71 running gear; 81 complex conveyor; 9 frame)

The oversize material enters the jaw crusher C106 4. Large pieces of material are additionally cru:
using a jackhammer installed between the grate screen and the ciusbaeduces the likelihood of
clogging of the crushing chamber. The crushed material enters the main conveyl, Hl®M14 5. The
crusher is driven by a CAT C9 power plant 6. The cratylpe running gear 7 allows the crusher to be
moved to different pints of the construction site without the need for a dump truck [9],[10].
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Fig. 2. Histograms of the criterial assessment of the MDSK:
al ki;bi kz;ci ks di ke f1 ks; g7 Ke

Fig. 1, b shows the structure of the Kleemann Mohi¢&t 110(i) EVO2 MDSC. A feature of the
Kleeman Mobicat is the presence of a dotggeeen screen that filters out small items. This solution
increases the crusher's productivity by up to 10%. The Kleeman Mobicat MDSC transmission include
hydraulic clutd that transmits torque from the gearbox to the crusher and a generator to drive auxili
mechanisms. Such transmission features allow reducing fuel consumption by 30%.

The following criteria were used to assess the technical and economic indicatoesandtprs of
the MDSK: 1)k =1 / m - criterion for assessing the impact of mass on performanaedx); 2)k, =1 / F

- criterion of the impact of energy costs on productivityrfax) ; 3)k,=ny P - criterion of the influence
of power on mass¥min); 4) k, = P/i - criterion of the influence of power on the degree of crushing (
min); 5) k, =/ P - criterion of the influence of power on the speedrax); 6)k, =Q/ F i criterion of the

impact of fuel consumption on performanee fnax). The corresponding histograms are presented in Fig
2.

Discussion.Among crushing machines, mobile complexes from Metso, Sandvik and Kleeman loc
promising. The diierence between Kleeman mobile crushers is the use of a modern, simpler and m
intuitive control system spective. This gives an advantage in personnel training. However, when it
necessary to analyze a large number of parameters when operatingvathlaaveral MDSKs, the Metso
IC or Sandvik Automation and Monitoring control system has greater advantages. The use of a die
electric drive with a hydraulic clutch has a number of advantages: 1) reduced fuel consumption comp.
to the use of a hydudic drive in Sandvik; 2) engine protection in the event of shock loads in the crushir
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chamber and absorption of peak loads; 3) smoothgtenf the crusher. Metso also uses a dietastric
drive with a hydraulic clutch, but in older models. New med#l Metso mobile crushers use an electric
drive with a complex electronic control system Metso IC, which protects the engine and structural elem:
of the machine from peak and shock loads. The basis of such a system is frequency control of the macl
speed, which allows for a smooth start, current limitation or automatic speed reduction under heavy lo
There is also the possibility of enabling reverse.

Conclusions.Based on the criteria assessment, we see differences in different types of MDSCs. T
indicates the use of different methods in the calculation of such machines, as well as narrow specializ
for individual processes. For example, Metso and Sandvik complexes are more focused on use in m
guarries or in conjunction with a large nien of other equipment. In turn, Eagle crushing complexes are
more classic in their design, due to the lack of electronic control systems. Such complexes are r
profitable to use on small volumes of processing or in single use. Thus, it can be nodedini@drtant
issue is the parametric optimization of equipment that is combined within one MDSC and beyond. Anot
important parameter of MDSCs is fuel efficiency. Most modern complexes use adlgeset drive in
combination with a hydraulic clutchr @n electric drive. An equally important parameter that affects the
economic component of the plant is ensuring the constancy of power supply to the complex.
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