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DETERMINING THE RELATIVE ENERGY CONSUMPTON OF A JAW CRUSHER
DEPENDING ON THE WIDTH OF THE DISCHARGE PORT AND ON THE PARTICLE SIZE
DISTRIBUTION OF THE CRUSHING PRODUCT
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ABSTRACT. The article discusses the topic of the specific energy consumption of a complex pendulum jaw crusher. It is driven by an induction motor with a squirrel-
cage rotor. The purpose of the study is to determine the effect of two basic parameters on the relative energy consumption of the crusher: the width of the discharge
port and the particle size distribution of the product to be crushed. In order to determine the energy performance, some basic parameters have been measured, such
as the average diameter of the fragments fed into the crusher, the width of the crusher discharge port, the weight of the crushed material, the average power of the
engine phase, the crushing time of the sample, etc. In accordance with the selected target function, energy consumption patterns have been synthesized depending
on the width of the discharge port and the particle size distribution of the crushing product. The models obtained have been evaluated using statistical criteria to
determine their adequacy in relation to the selected target function. Data processing has been performed through the STATGRAPHICS computer program. It has
been found that the relative energy consumption is affected by the two control parameters - the size of the incoming pieces and the width of the crusher discharge
port. Relevant conclusions have been made.
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PE3IOME. B cratusita e m3cnefpaH CneumdUYHNST pasxof Ha eNeKTPOEHEpru sl Ha YemioCTHa TpoLayka CbC CIIOXHO FONeeHe Ha NoABWKHaTa YemiocT. Ta e
3a[]BKBAHA OT aCUHXPOHEH ABUraTeN ¢ HakbCo ChbeAMHeH poTop. Llen Ha uacneaBaHeTo € Aa ce onpeaent BMSHUETO Ha [Ba OCHOBHW NapamMeTbpa — WMpoYmMHa
Ha U3nyckaTeNHWs OTBOP M 3bPHOMETPUYEH CbCTAB HA MPOAYKTa 3a pasTpoluaBaHe BbpXy OTHOCUTENHUS eHepropasxof Ha Tpoladkata. 3a onpepensHe Ha
€Hepropasxofa ca M3MEpeHN OCHOBHW MapaMeTpu KaTo CPefeH AMamMeTbp Ha MOCTbMBALMTE B TpoOLUaykaTa KbCOBE, LUMPOYMHA Ha U3MyCKATENHUS OTBOP Ha
TpoLLayKkaTta, TErno Ha pasTpOLIABAHOTO KOMMYECTBO MaTepuar, CpeHa MOLLHOCT Ha efHaTa (hasa Ha ABuraTens, Bpeme 3a pasTpollaBaHe Ha npobata u ap.
Cnopep n3bpaHaTta LeneBa (byHKUMS Ca CMHTE3VpaHW MOAENM Ha eHepropasxofa B 3aBMCUMOCT OT LUMPOYWHATA Ha M3MyCKaTENHUS OTBOP W 3bPHOMETPUYHMS
CbCTaB Ha NpopykTa 3a TpoLueHe. [MonyyeHnTe Mogenu ca OLEHEHU NOCPEACTBOM CTaTUCTUYECKU KPUTEPUN 33 OMpeJensiHe Ha afekBaTHOCTTa UM KbM u3bpaHaTta
Lenesa ¢yHkumus. ObpaboTkata Ha AaHHUTE € M3BBPLLEH Ype3 kommioTbpHa nporpamata STATGRAPHICS. YcTaHOBEHO €, Ye OTHOCUTENHUAT eHepropasxogd ce
BNMsie OT ABaTa ynpaBnsBallM napameTbpa - eApuHaTa Ha MOCTbMBALLMTE KbCOBE W LUMPOYMHATA Ha W3MyCKaTENHWsS OTBOP HA TpoLlaykaTa 4 ca HanpaBeHu
CbOTBETHUTE M3BOAM.

KntouoBw gymu: Tpoluayka, aCUHXPOHEH ABUraTeN, eHEPropasxos, 3bPHOMETPUHEH CbCTaB, U3NyCKaTENEH OTBOP

Introduction Determining the target function and the control
factors
Increased demand for production, reduced machine
dOWntime, increased prOdUCtiVity, and the |0wering of costs are The choice of machine mode of operation is made according
of all of major importance to the mining indUStry. To maintain to various criteria. In this case, a Comp|ex pendu|um jaW
these priorities, the crushing process can be managed in crusher is considered. It is necessary to choose an operating
accordance with various goals: minimum costs, high mode for a laboratory jaw crusher in accordance with a
productivity, product quality, high efficiency, energy efficiency, specified criterion. To automate the process, the crusher must
and many more. The task is complicated due to the multitude be considered as a control object. In terms of technological
of factors of the object. In such a case, it is appropriate to mode, the jaw crusher is classified as an uneven load
select a target that can be estimated from the pOint of view of mechanism. The performance of such mechanisms depends
real measured values which affect the production process. on a number of random factors such as: the particle size

distribution, the physical properties of the ore, the mutual
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arrangement of the individual ore fragments in the feed
opening of the crusher, the wear of the lining of the moving and
fixed jaws (Irinkov, 1971).

Typically, the objective of automatic control is the
stabilisation of: the productivity, the active power of the electric
drive or the ore level in the feed opening of the crusher
(Radulov et al., 2009). Classical theory recommends that the
crusher be automated for maximum productivity (Irinkov,
1971).

The output parameters of the crushing process are:
- the productivity of the jaw crusher in terms of crushed product
-q;
- the active power of the crusher's electric drive - P;
- the particle size distribution of the crushed product C,,.

The managed parameters are the ore level in the feed
opening and the active power. They are changed through the
control parameters: the change of the quantity of feed ore Q, g,
the width of the discharge opening - b, mm, and the jaw
movement frequency n, s (Radulov et al., 2009).

Consequently, the control criteria can be defined according
to the power, according to the ore level in the feed opening, as
well as according to the particle size distribution. Since a
laboratory crusher with a small feed opening is considered, the
second criterion hasn’t been accepted. The appropriate criteria
are the pproductivity and the low energy consumption.

As a criterion, productivity is obtained after measuring the
crushing time of a certain quantity of weighed material. Based
on performance, the energy consumption E, kWh/t can be
calculated as the ratio of the measured crush engine power to
the crusher productivity per finished product per unit of time. In
this case, for the object under examination, the energy
consumption is considered to be the appropriate target
function. The energy consumption E is calculated using the
formula:

E == KWhit (1)
Q.t

where:

- E is the power consumed by the crusher's engine;

- Q s the productivity of the crushed product.

For the laboratory crusher tested, there are no energy
consumption characteristics specified in relation to the change
in the particle size distribution and to the variation in the width

of the discharge port. This is the object of the present study.

Experiment Description

The choice of factors in accordance with which the specific
energy consumption will be determined is subject to the
following requirements:

+ each factor must have a certain limit of change i.e. be
controllable;
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+ each factor must be manageable, i.e. to determine the levels
in the definition area;

+ the parameters of each factor must be measured with
accuracy;

+ the parameters must be independent i.e. not to be
functionally linked;

+ the parameters must be compatible so that the joint
relationships could be defined.

The following possible parameters have been identified as
the managing factors in the study:

1. D, mm - Average diameter of the fragments entering the
crusher. This size is average for the respective fraction class of
the selected and pre-sieved material. The experiments were
performed with materials of the sizes shown in Table 1. They
are consistent with the width of the feed opening of the
laboratory crusher.

Table 1

The average diameter of the Fraction class
Fraction class D Fraction class D
+45-55 50 +35-45 40
Fraction class D Fraction class D
+25-35 30 +15-25 20

2. b,mm - Width of the discharge port of the crusher. This
parameter has also been selected in accordance with the
dimensions and capabilities of the laboratory machine. The
width of the discharge port has the following values: 6, 8, 12,
16, and 20 mm.

The relative energy consumption as a target function is
obtained as the ratio of the average crusher engine power
measured by means of the measuring and recording device to
the performance per unit of time - E, Ws/g. The three-phase
digital multi-function AC powermeter of SATEC PM130EH is
used as a measuring instrument.

A parameter such as the angular rotation speed of the
eccentric shaft cannot be changed, so it does not participate as
a control factor.

Due to the uniqueness requirement, the interconnected
factors are eliminated, e.g. the crusher's degree of crushing
which is related to the average diameter of the fragments
entering the crusher and the width of the discharge port
(Ackermann et al., 1982).

When determining the energy consumption, the disturbing
effects that affect the performance and the size of the crushed
product are as follows: the particle size distribution of the ore;
the ore hardness; the uneven material feed. To neutralise the
influence of the above disturbing factors, material of the same
hardness was examined and parameter measurements were
made under the conditions of continuous feed of material.

The following parameters were measured during the
experiment:
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- D,mm the average diameter of the pieces entering the
crusher;

- b, mm - the discharge port width of the crusher;

- Mcywm, g - the weight of the crushed material;

- P,, W -the average power of one phase of the engine;

--t, s - the time taken to crush the sample.

Results

To determine the energy consumption, a mathematical
model needs to be created that will take into account the real
statistical properties of the dependencies in the object. Since
there is a change in a number of factors, such as the power,
the engine load, and the different shape of the crushed
product, it is appropriate to make a non-deterministic rather
than a statistical model (Bozhanov, 1971). The first step of the
modeling is converting the results obtained through the
experimental measurements with a laboratory crusher into a
Fischer matrix. The matrix is visualised in Table 2.

model. Among those are the Student's t-criterion, the P-
criterion, the F-criterion, the multiple correlation criterion, the
corrected multi-correlation coefficient, and the mean absolute
error.

Using these statistical means, an interval known as the
confidence interval is defined in which the highly probable true
value of the parameter evaluated is determined. The P-
criterion gives us the confidence probability and it must be less
than 0.05.

In addition to the confidence interval, the significance of each
factor is checked. The significance of the coefficients is
determined according to the Student's t-criterion for certain
degrees of freedom, which, in this case, must be more than 8.

The F-criterion shows the influence of the controllable
(managed) factors on the output parameter. Its value is aimed
to be high, i.e. the energy consumption is manageable.

The Multiple Correlation Criterion and the Multiple

Table 2 Correlation Factor provide information on the extent of the
Fischer matrix relationship between the output parameter and the functions
included in the model, as well as on the adequacy of the
X, X, Y, resulting model.
Ne D, mm b, mm EWsig Various models have been obtained from the statistical
1 50 20 0.006 surveys, most of which have a low multiple correlation factor
2 50 16 0.009 R? (for example, 85.38% for the M3 model, or 41.5% for the
3 50 12 0.011 M7 model) and an adjusted multiple correlation factor
4 50 8 0.01 R?,4j)(for example, 83.75% for M3 or 38.45% for M7).
5 50 6 0.020
6 40 20 0.006 The value of the confidence probability indicator (P-criterion
7 40 16 0.008 =0 or P = 0.0016) for the cited models is below the critical, i.e.
8 40 12 0.010 these models are assumed as inadequate. The basic values of
9 40 8 0.014 the parameters of all models are given in Table 3. Based on
10 40 6 0.015 the values in the table, it can be determined that the M6 model
1 30 20 0.006 has the best parameter and it is the only adequate one for the
12 30 16 0.007 selected control function of energy consumption.
e e T R
15 30 6 0.016 Values of model parameters
16 30 20 0.006 model | R*, % | RZ,4;), % | P-criterion | F-criterion
17 20 16 0.006 M1 | 8564 | 84.04 0.0302 | 46.96
18 20 12 0.006 M2 8286 |81.96 0.0807 | 45.96
19 20 8 0.014 M3 | 415 [3845 0.0016 | 13.48
20 20 6 0.014 M4 | 4766 | 47,66 0.0004 [ 18,22
21 20 6 0.016 M5 [6891 |[67.28 0.0027 4213
M6 9292 ]92.92 0.0000 262.46
The processing of the data from Table 2 is performed M7 85.38 83.75 0.0000 52.56
through a statistical analysis (Bozhanov, 1979; Nalimov, 1965) M8 93.01 92.85 0.6081 126.59
by the STATGRAPHICS program which is suitable for scientific M9 | 8866 |87.40 00029 | 7042
research. Energy consumption patterns have been synthesised M10 | 93.72 | 93.39 0.1344 141.93

by means of the program, and various criteria have been
calculated for determining the reliability and adequacy of the
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Table 4
M6 model parameters
Standard T-statistics P
Farametens Valie efror of Student criterion
,2 0.00283042 | 1.747*1074 16.2005 0.0000
o
Amount of ¥ Average on
of the model mode! .
Model 2554*1073 1 0.00255424 26246 0.0000
residue 19467107 2 9.73210"%
Total 0.00274888 21
MuRiple correlation coefficient 929193%
Corrected Multiple Comelation Factor 92.9193%
Standard error 0.00311962
Average Absolute Error 0.00230522
Stats Darban- Otsan 0.654328

Among the examined models, M 7 and M 8 have excellent
parameters of the correlation coefficients, but in model M 8 the
value of the confidence probability index (P-criterion = 0.6081)
for the model is above the critical, i.e. it can be assumed that
the model is inadequate for the selected target function.

Analysing the parameters of this model, it can be seen that
the multi-correlation coefficient R? is 92.92% and the adjusted
multi-correlation coefficient R7, 4y is over 92.92%. The value of
the confidence probability index (P-criterion = 0.0000) for the
model is below the critical one, i.e. it can be assumed that the
model is adequate.

Of all obtained models, the best-performing is the M 6 model
(Table 4) and it can be considered as a model of great
adequacy. This model has the best performance indicators
among all others.

Then we choose the equation of the model with natural

variables to be as follows:
E = 28310732, KWh/t 2)

Table 5 shows the basic parameters along with the obtained
values for each examined model.

Table 5
Basic parameters of model study
MODEL Ne D b D.b constant %
1. 8.2937+ 1075 -7.69796*10~* - 0.0170376 -
2. -3.8988+ 10~* -3.39282x 10~* - -
3. - 1.1457*107° 0.0155199 -
4, - 1,6125*107> - -
5. - - 0.00399301 -1.1457*1075
6. - - - 2.83042*1073
7. -7.69796*10~* - 0.00847669 1.84803*107*
8. 2.437*107* - - - 2.622*1073
9. - -5.193*10~* - 3.413*1073 8.959*10~*
10. - 1.063*10~* - - 2.587*1073
Conclusions - increasing the width of the discharge port of the crusher

The results obtained from the measurements and the
statistical analysis of the relative energy consumption of the
crusher show the following:

- the relative energy consumption is influenced to a large
extent by two parameters, namely the size of the
incoming pieces and the width of the discharge port of
the crusher;

- when increasing the size of the input fragments, the
relative energy consumption of the machine is
increased, which is most probably due to the fact that
the larger of size of the material increases the degree of
crushing, which in turn increases the power required for
the material to be crushed;
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reduces the relative energy consumption which is due
to the fact that a larger-sized material at the discharge
port of the machine means a low rate of crushing and a
higher productivity that is the denominator of the energy
consumption.

The aim of a future study of the team is to determine the
effect of the swing frequency of the pendulum jaw on the
energy consumption. For this purpose, an induction motor
needs to be driven by an inverter. When adjusting the swing
frequency of the jaw by means of a frequency inverter, it
distorts the sine curve of the supply current. This state is
described as the "presence of harmonics”. Thus, in productivity
management by means of the motion frequency of the jaw, it is
likely to have harmonic constituents in excess of the standard
allowances.
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