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ANALYTICAL STUDY OF THE ENERGY CONSUMPTION OF DRUM MILLS ACCORDING
TO THEIR SIZE
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ABSTRACT. In the design of processing factories, the main problem is the choice of the sizes of the drum mills. The factors influencing the choice of a mill are
several, each meeting different requirements. One of the main ones is the possibility to supply the technological scheme with @ minimum number of mills. This leads
to the choice of large-scale machines with the highest price and repair costs. The result of such a choice can be the unnecessary high cost of the milling process.
Therefore, the second factor in the choice is the energy consumption of each machine per tonne of processed ore. Various types of drum ball mills were investigated
in the paper and their energy consumption was calculated under the same conditions according to the known methodologies. An automatic calculation programme
was developed according to the shown methodology. Based on the results obtained, some conclusions are drawn.
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AHATNUTUYHO U3CNEQBAHE HA EHEPTOPA3XOOA HA BAPABAHHU TONKOBW MENMHWULIM CNOPEQ TUMOPA3MEPA
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PE3IOME. [pu npoektupaHe Ha oboratutentn cabpukn ocHoseH npobnem e u3bopbT Ha TUnopasmepu Ha bapabaHHute menHuun. PakTopuTe, BMSEWM Ha
n3bopa Ha MenHWLa Ca HAKOMKO, KaTo BCEKkW OT TAX YAOBMETBOPABA Pa3fU4HM U3NCKBaHMA. EANH OT OCHOBHMTE € BB3MOXHOCTTA 3a YAO0BMETBOPABAHE Ha
TeXHOMorMyHaTa cxema e ¢ MuHuManeH 6poii MenHuum. Toea BoaK 0 u3bopa Ha eaporabapuTHU MaLLMHK C Hali-BICOKa LieHa W pa3xoau 3a PeMOHT. PeaynTaTsT ot
TakbB 1300p MOXe Aa e U3NULLHO OCKbNABaHe Ha npoLeca cMunaxe. 3atosa BTOpY (hakTop Npu u3bopa e eHepropasxodbT Ha BCska MallHa 3a TOH npepaboTeHa
pyaa. B cratuata ca uscneasanu pasnnyHu Tunopasmepu GapabaHHW TOMKOBM MENHULM, W3YUCTIEH € TEXHUST eHepropasxof Mpu edHakeu YCroBus cropen
13BeCTHa MeToamka. PaspaboTeHa e nporpama 3a aBTOMATYHO M3UNCTIEHWE, CNOPeA NokasaHaTa MeToanka, 1 Bb3 0CHOBA Ha NoMyyeHnTe pesynTaTv ca HanpaBeHu
CbOTBETHUTE U3BOAM.

KnrouoBm gymu: TOMKOBA MEMHMLA, MOLLHOCT Ha [IBUraTerl, eHepropasxofl, pasmep, crieundndeH eHepropasxon

Introduction necessary to change technological lines or to build new
enterprises.

According to the Sustainable Development Paradigm,

social, economic and environmental issues are accepted to be . . .
considered in a complex way in every human and productive Relative power consumption for technological

activity. In recent years, manufacturers have become aware of processes

the relationship between production operations, the quality of

the environment and the welfare and health of employees The factor of relative power Consumption as part of the
(Rosen, Kishawy, 2012). Naturally, the sustainability criteria objectives for achieving sustainable development in the choice
apply to the different stages of existence of industrial sites - of mills for the mining sector is considered in the article. In the
designing, renovating, building, operations. The achievement life cycle of production, this is one of the most energy-intensive
of these complex objectives is also important in the mining and processes not only for the mining sector, but also for other
processing sector, which puts producers and engineers in front economic activities. From the reference of literature sources it
of four key environmental objectives: 1) Human extinction, 2) has been found that mills in the light industry and in particular
Sustainable development, 3) Conservation of biodiversity, 4) in the food industry have relatively high energy consumption in
Aesthetic wealth [A. Szekeres, 2016]. In this aspect, the impact the production cycle. Rice mill engines consume between 80
assessment of the mining and processing sector is best and 85% of total energy in the life cycle from flaking to packing
considered not only for the entire life cycle but also for the full rice (Pachanawan, 2017). Similar are the statistics data for
range of activities involving the product (ERP), process (ERP), other sectors of the food industry like sugar cane production,
facility (ERF), service (ERS) and infrastructure (ERI). Due to where mainly roll crusher or roller mills are used (Stefan,
the need to meet the sustainability criteria under changed Voicu, 2013).

requirements, standards, regulations and laws, it is often
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For the mining sector, 50% of the electricity consumed was
found to be the crushing and milling process in the full
production cycle of the four parts of the chain: exploration,
extraction, processing and recycling (Jeswiet, 2016). It is
estimated that approximately 60% of this energy is consumed
in the milling process. The data from foreign sources overlap
with those for Bulgarian mining enterprises, where 60% of the
consumption is of synchronous engines (SM) driving the mills,
and 40% is from asynchronous engines in the crushing
process (Kurtzelin et al., 2009). Under the sustainability
criteria, scientists are analysing these issues not only in order
to save both the electrical energy and resources. The reason is
that the quality of the product at the output of a particular
process has an effect on the quality and consumption of
energy and raw materials in the next one.

Energy saving approaches can be either theoretical or
experimental, performed by machine operators. The latter are
very expensive and usually do not lead to optimal results
(Jafarzadeh, Khodaygan, 2019). To achieve synergy, it is
necessary to reduce the energy consumption while preserving
the quality of the resulting product, for which optimisation of the
processing parameters is necessary. Research has recently
been done to achieve targeted features such as maximising
tool life, maximising material removal rate (MRR), maximising
surface quality of grain size while minimising energy
consumption or material consumption, compensating for
energy losses in propulsion synchronous motors through
change of supply voltage (Kurtzelin et al., 2009), determination
of vibrations at maximum MRR and others (Jafarzadeh et al.,
2019). Various methods, algorithms, mathematical apparatus
(Mryankov, 2007), machine algorithm for calculation, neural
networks, etc. are used to achieve the optimal parameters of
the surveyed objects. In order to achieve the target function, it
is good to compare several methods and select the one with
the smallest error (Singh Nain, 2019).

Al of these studies lead to an increase in energy
performance, but from a lifecycle aspect of production, it is first
necessary to theoretically choose the appropriate machines for
each technology.

With this purpose, a point system has been proposed that
can be used to evaluate types of mills against the indicators:
energy consumption; quantity of material and quantity of
gaseous, solid and liquid waste; public needs (Jeswiet, 2016).
However, it is not possible to compare different machine sizes
of the same type on the basis of energy consumption, quantity
of waste and produced products and others.

In the presented problem, it is most expedient to determine
the energy per unit of product produced or the so-called
relative power consumption at a selected mill type. Therefore,
the article examines the problem of choosing the size of drum
mills in the design of processing factories versus the lower
energy consumption factor. The necessity of the study arises
because many scientists study the energy consumption of
already installed and operating mills according to the
properties of the material to be milled - hardness, size, content
and etc. The literature emphasises only the reasons for
choosing a type of mill in the design and construction of a
technological line by a classical or point method. The choice of
type of mill according to size must be guided by the cost of
building and maintaining the machinery, the leading criterion
being the energy consumption of each machine per tonne of
processed ore. Such a condition is fully consistent with
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sustainable development criteria because lowering energy
consumption will lead to improvements in some of the energy
efficiency criteria.

Structure of the object to be analysed

When designing a technological line in the mining and
processing industry according to the technological
requirements, a certain type of mill is chosen. Classification of
mills can be done according to different criteria:

- depending on the drum design, they are cylindrical or
cylindrical conical;

- according to the discharge, with central discharge or
pouring; discharging through a grate; outlet through a
peripheral grate;

- according to the type of grinding media they are ball,
bar, gravel, autogenous and semi-autogenous;

- according to the number of cameras they are single-
chamber or multi-chamber (Minin, 2012).

In processing factories one chamber drum mills are used
as milling equipment. For the study, MTP machines (ball mill
with grating) are chosen. This model has a low pulp level which
results in increased efficiency due to increased impact of the
grinding media. They are also known as grate discharging.
This is achieved by placing a grid in the semi-receptive
chamber between the grating and the bottom of the drum.
When the mill is rotated, the milled product passes through it,
rises out of the elevator and they outflow from the discharge
port. The particles that have reached the required particle size
pass through the holes of the grate and enter the semi-
receiving chamber from where they are unloaded.

4

Fig. 1. Drum ball mill with grate

1 - drum; 2 - bottom; 3 - discharge chamber; 4,5-discharge trunnions;
6.7 — bearing seats; 8 - tooth gearing; 9 - combined feeder device;
10,11 - supply and discharge bushings; 12 - drum linings; 13 - lining of
the bottoms; 14 - hatch; 15 - discharging grate; 16 - elevator; 17 -
unloaded cone; 18-pinion; 19 — shaft

The drum selected for analysis is visualised in Figure 1. It
consists of a drum (1) and side bottoms (2). The rotation of the
mill is accomplished by means of bearings (6, 7) which are
attached to the grippers on the lateral bottoms. On rotation, the
material fed in the drum is lifted by the lifter bars of the lining
(12), then dropped and milled by impact, grinding and crushing
under the action of the grinding media. The milled material is
continuously discharged from the discharge port (3), and ore
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grindings are fed through the feeder port (9) in accordance with
a certain technologically chosen filling factor. The performance
of the mill, of course, depends directly on the volume of the
drum.

The relative power consumption analysis against an
appropriate type size is based on the following metrics: engine
power, output, energy consumption and cost. For engineering
evaluation, the following type sizes were selected for
comparison: MTP 4.5x6, MTP 4.5x5, MTP 4x5, MTP3.6x5 and
MTP 3.6x4.

Method for determining the productivity of a
drum ball mill

For comparison of the defined criteria, the productivity of
the selected by size mills must be calculated. In some studies,
the energy consumption is determined according to the
electricity paid per unit of product (A. Pachanawan, 2017, GH
Voicu, 2013), but in this case it is more correct to use a
classical methodology for calculating engine power. This is the
method used by engineers to determine the basic
technological parameters and forces, which includes the steps
described below in the text (I. Minin, 2012, Minin et al., 2010).

The light drum diameter is determined using the formula:

D; = Dg — 25, mm W)

where:
- Ds —is the drum diameter;
- 6 - the thickness of the lining, being between 0.15 + 0.17
mm for the different sizes of mills.
The critical angular speed of the drum is calculated as
follows:

Wer = E, radls, 2

where D, is the light drum diameter.
The actual angular velocity of the drum is given according
to the expression:

_mnn rad

RETI G
where n is the rotation speed of the drum.

The relative angular speed of the rotation of the drum ¥ is
determined by the ratio of the drum speed to the actual angular
velocity and the critical angular velocity.

w

Y=

.100% . (4)

Wer

The working volume of the drum for each mill is determined
according to the expression:

V, = mR2.L,m3, (5)
where:
R, = D‘Z”,m -is the drum radius without the lining;

L - drum length.

The mass of the balls is determined according to:

My = prVi9, (6)

where:

- pr —is the density of the balls;

- @ - fill factor with grinding bodies, which is selected
in this case 0,4.

To determine the mass of the balls, their density should be
chosen. By known methods the density of the balls is selected
according to their diameter, but from a theoretical study it has
been found that the balls are of different wear and do not stand
symmetrically in the mill drum. It is estimated that the density
of the balls is about 4514kg/m? and this density does not
depend on their diameter (Minin et al., 2014).

The weight of grinding media in the mill is determined
according to the dependence:

Cr=g9.Myr (7)
where g is the Earth's acceleration.

Table 1. Specification table of the selected type mills

Parameters o o o o o

o o o o o

= 3 3 3 3

= 3 3 3 S

g1 8| §| 8| §

o o o o o

= = = = =

= = = = =

the thickness of | 415 | 149 | 110 | 120 | 120
the lining,mm

the light drum | 500 | 360 | 4000 | 4500 | 4500
diameter,mm

drum length,mm | 4000 |5000 5000 | 5000 6000
the working

volume of the 36 45 55 71 85
drum,m3

the rotation
speed of the 18,1 | 18,1 174 | 16,5 16,5

drum, min-!
hofthe critical | 20 7 707 | 799 | 04 | 804
angular speed
themassof | 2, | g3 | 415 | 148 | 177
balls,t
the weight of
grinding mediain | 216 | 238 333 | 395 -
mill t
the weight of the | 4a) | 465 | 255 | 300 | 320
drum,Mmill ¢
power of 1000 |1250 | 2000 | 2500 | 2500
engine, kW

The weight of the drum is:
C6 =9- M6! N (8)

where Mg — the mass of the drum, the value being taken
from the enclosed grinder specification table, Table 1.

The idle power is determined with the equation:
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Nigie = 0,5uCswd )
where:
- u — the coefficient of friction in the bearings;
- d - the diameter of the collar of the mill bearings.
The extra power depends on the weight of the milling
media and is calculated with the expression:
Nadd = 0,5# CT.(J).d,W, (10)
where u is the coefficient of friction in the bearings and its
value is 0.008.
The next step is determining the power to raise the balls in
the drum:

Ng = pr.g.L.wer. W3.RE [(1 = k) = 2wt — k)|, w

(11)

where: k, — is the relative radius for the innermost layer of the
balls, which is taken according to the values in the tables
referenced in the literature. The value is 0.606.
The power to transmit the kinetic energy of the balls is:
N, = 0,125p;L. w3 RE(1 — k), W (12)
Calculated power values are used to calculate the engine
power required to drive the mill. In these mills, synchronous
motors are used for propulsion and for each type of dimension
it is required that drive power is to be calculated according to
the formula:

N.. . _Nidle+Nadd+NG+NeW
engine 10007, ’

(13)
where 7, is the mechanical coefficient of efficiency of the
drive.

The total productivity of the drum mill versus the starting
product is determined according to the dependence:

Q=qVi,kg/h (14)
where q is the specific productivity of the mill.

The specific performance of the mill is determined by the
factors on which it depends: grinding mode, type of grinding
medium, size of the output and final product, physico-
mechanical properties of the grinding material, mill diameter,
grinding medium, relative angular velocity of the mill and
others. Their impact is accounted for by correction factors, the
values of which are established by the practice. They are:

Correction coefficient for the influence of the size of the
outcoming ore:

4 [an
K, = |—=
d 25

where dh is the maximum size of the outcoming ore, mm.
Correction factor for the influence of the diameter of the
drum:

0,83, (15)

3
Kp, = |—
D D6'

(16)

95

where 3 - drum diameter of a reference mill, m.
Correction coefficient for the influence of the relative
velocity:

(17)

Correction coefficient for the effect of the amount of the
milling media:

K =

75
? 9

(18)

Correction coefficient for the influence of the size of the
milled product:
Kg = 3.4d,, (19)
where d,, - nominal diameter of the finished product.

Coefficient considering the type of mill chosen K,,;;; = 1 if
the mill has a grate (in this case) or K,,,;;; = 0.87 + 0.8, if
the mill is centrally unloaded.

Coefficient for calculating the influence of the digestibility of
the ore on the mill performance. This factor is counted from
graphic and accepted K; = 0.85.

After determining all the coefficients, the specific
productivity of each mill by source product can be calculated
according to the dependence:

_ 90KTKgKmi pn
KqKpKwKy 16000

Jkg/m? (20)

where:

- q, - reference specific productivity (assumed g, =
2200 kg/m3hi);

- py — a coefficient of bulk density of the ore;

- 1600 - reference bulk density.

Results

Based on the methodology, the productivity (Q/ t) of
different types of mills was calculated. The results obtained are
shown in Figure 2. It can be seen that reducing the size of the
drum also reduces the performance.

Ndvig and Q/t

3000

2500 B Ndvig

2000 it
= 1500
[a
1000
500
0
MTP

Fig. 2. Productivity and power of engine of the surveyed MTP
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Comparison of different types of mills based on
relative power consumption

The concept of relative power consumption is introduced
because the consumed electricity does not provide an
objective estimate of the costs of the processed ore. The
relative power consumption E,kWh/t is the ratio of the
calculated power of the mill engine to the productivity of the
mill per finished product per unit of time. Changing this value
depends on the load of the engine with different loads. Energy
efficiency can therefore be used to determine effective
operation regimes when changing qualitative characteristics of
the incoming ore. The relative power consumption is obtained
using the formula:

E =%,kWh/t 21)

E, kWh/t
10,5
- 104
~
I
S 103
5 O
10,2
1 2 3 4 5
MTP

Fig. 3. Relative power consumption of Types MTP

It can be seen that the relative power consumption
depends on the size of the mills. In a given order, the energy
consumption decreases when the volume decreases, but with
excessive volume decrease it increases. The reason is that the
mass of the parts of the smaller machines is close to that of the
larger machines, resulting in increased idling energy
consumption and hence increased energy consumption of
small mills. This is visualised in Figure 4, and to achieve the
symmetry of the graphs the data on the weight of the mill are
divided into 10000.

C6and E mm C 6.10-5
E, kWh/t

10,5

10,45

10,4

10,35

10,3

10,25

10,2

40
30

i

20 B
NS
0
1 2 3 4 5

Fig. 4. Drum weight and relative power consumption of types
MTP

When deciding on the choice of a type-sized mill aiming to
rationalise the electricity consumption, the result obtained
should be taken into account. The price factor is not
insignificant and can also be included. The price is determined
according to the dependence:
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P = prM,,;;;, euro (22)
where pr — the price per unit weight, given conditionally 6 euro
per kilogram

- M,,,;;; — the mass of the mill.

It can be seen that the reduction of the mill's mass
decreases the price, respectively the repair costs, as well as
the quantity of the produced product. However, Figure 5 shows
that energy consumption increases as the volume of the mill
drum decreases, while the productivity is almost unchanged,
and this is the key factor in deciding on the size of mills.

Ndvig/10000 and Q/t and P

300

P/10
250
Q/t
200
150 == Ndvig/100
0
100
50
0
1 2 3 4 5 6

Fig. 5 Engine power, productivity, cost of MTP

After choosing a type-sized mill and building a processing
line, it is necessary to define the operating modes. In
determining their economic efficiency, it is necessary to
analyse the technological mode of the processing plant,
according to the boundary conditions of the equipment and the
characteristics of the material to be milled, such as grain size,
changing the trajectory of the particles (Stoyanov, 2015), the
humidity, the hardness, etc. (Assawamartbunlue, 2018). This is
related to determining the impact of each of these factors on
the energy consumption by measuring and subsequently
processing and analysing the data.

Conclusion

It is important that the mills are selected according to their
relative power consumption, because in this way it is possible
to save not only energy, but also costs for parts, repair, and
maintenance. Worldwide, there is an emphasis on choosing a
larger machine rather than a few smaller ones, such as rice
flour mills. The theoretical study proves this trend.

However, the choice of the type of mill and its size should
not only be the relative power consumption of the grinding
process, but that of the whole technological line. To achieve a
synergic effect from all the phases of processing the ore, it is
necessary to analyse the change in energy consumption when
changing the production technology. For example, the use of
an additional reagent to the mill in order to increase the
efficiency of the next flotation process (Boteva, 2002). This
action will not lead to a reduction in the mill's relative power
consumption, but only to the flotation process. Finally, this will
generally improve the energy performance of the whole life
cycle due to the increased amount of the extracted metal. This
is a future topic of research.
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