Automatization
Adaptive control of ore pulp thinning in ball mills with the
increase of their productivity

Vasiliy Kondratets
Professor of the production processes automation department, PhD, professor
Kirovograd National Technical University, Ukraine

Abstract
A method for adaptive control of the pulp thinning in a ball mill on the surface of the solid
feed and boundary ratio of solid / liquid of the classifier sands, which allows to increase
significantly the grinding efficiency is presented
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Ukraine has one of the leading places in
the world production of ferrous metals. The main
raw materials are products of the ore beneficiation
factories where about 50% of the total cost of the
enterprise electricity and a considerable amount of
steel balls and fettling is spent on the ore grinding.
Grinding results are strongly dependent on the
solid/liquid ratio in the mill [1], which is not
provided at the desired level [2]. In the modern
process control system for the all mills the simplest
approach is being used, which is designed for open
cycle grinding, which does not satisfy the process
requirements.
The leading industry experts indicate the
need to implement the pulp thinning stabilization
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system in the ball mills to the technological
process ACS [3]. In [4, 5] an approach for solving
the problem of solid/liquid ratio stabilization in the
mill is proposed. However, the issue of material
averaging along the technological unit drum,
which provides the efficiency of the balls remained
unsolved. The possibility of this problem solving is
proved in [6].
The purpose of this article is to provide the
conditions for effective mixing of the material
during pulp thinning in the mill and its productivity
increasing by qualitative averaging of large and
fine fractions.
The pulp density in the ball mill discharge
related to the drum pulp density via its probability
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factor RP [8], which is in the range of 0 ... 1. The
theoretical value of RP = 0 corresponds to a
complete separation of the pulp solid and liquid
phases as well RP = 1 – to the ideal mixing. If the
residence time of the solid corresponds to a
residence time of the liquid in the drum, then the
ball mill serves as the effective mixer [9]. A. Linch
in [10] claims that grinding aggregate may be
viewed as the aggregate consisting of a number of
cross-sections, and each including the same
amount of material. Then, the first section of the
ball mill can be presented in accordance with [8]

RП =

QT 1 ⋅ TT 1 + QB1 ⋅ TB1
(QT 1 + QB1 )TT 1 ,

(1)

ТТ1, ТВ1 – residence time of the solid phase and
water in the first section of the drum, respectively.
The solid phase residence time in the drum
first section and its length is determined by the
speed of the pulp flow. The pulp liquid phase
residence time in the drum first section can vary
within wide limits. The water with a high flow rate
is fed to a single point of the drum first section and
is stored therein. Such water (not coupled with a
solid) is easily passes by gravity to the neighboring
drum section, thereby significantly reducing the
liquid phase residence time in the first section. The
value changes of RP from the water residence time
in the mill drum first section are given in Table 1
below.

where QT1, QB1 – are the volumetric flow rate of
the solid and water, which are fed in and out from
the first portion of the ball mill drum, respectively;
Table 1. The values of RP probability coefficient when changing the pulp liquid phase residence time in the mill drum
first section

The value of
the
circulating
load, %
50
100
150

The residence time of water in the drum mill first section, sec
72

108

144

180

216

252

288

324

360

0.674
0.700
0.716

0.715
0.738
0.751

0.756
0.775
0.787

0.796
0.812
0.822

0.837
0.850
0.870

0.878
0.888
0.893

0.919
0.925
0.928

0.960
0.962
0.964

1.0
1.0
1.0

The original ore can retain significant
amounts of water at preliminary wetting. The
classifier sands may also retain the significant
amount of additional water during their limit value
thinning. The remaining water should be fed into
the mill central part by sprinkling. Such streams
are effectively averaged by connecting on the mill
inlet, since the liquid sands pass the wetted ore
pieces easily as well the sprinkled water facilitates
the process.
Thus, on the mill inlet the RP directly takes
the value close to unity and occurs specific
material averaging, which can be improved by
feeding of the additional balls at short intervals, for
example, about 20 minutes after a certain ore
amount processing.
The calculations show that for the
processed 55,3 103 kg, 6 ore balls with a diameter
of 90 mm, 8 balls with a diameter of 75 mm, 11 –
of 65 mm and 19 – of 50 mm should be loaded into
the mill [11]. These additional balls improve the
pulp mixing, being in the first drum section
(significant time in its inner region). Since balls
segregation along the drum and its radius is slow,
the additional grinding bodies are in the area of the
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first drum section length almost until the next
loading of the same batch.
The effectiveness of the balls in the mill
increases greatly immediately and is improved as
far as material moving to discharge
At the same time, the mill productivity is
significantly increases both by including 1/4 ... 1/3
of the drum length, and by the grinding improve on
drum remain part and by the technological
aggregate productivity increasing under the
conditions of constant weight restoration of worn
grinding media.
The material flows preparation adaptive
control is advisable to carry out on the basis of
developed means of solid / liquid ratio providing in
a ball mill. It is made by the research outlined in
the works about the automatic control stochastic
system of the pulp thinning, increasing its accuracy
[12], its dynamics [13] and the controlled variable
identification block [14].
The control action at the inlet of the ball
mill – water flow rate should be divided into three
streams: to sands, to the loaded ore surface and
directly into the mill with sprinkling in the central
part. It is necessary to dilute the sands
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automatically until the possible boundary value of
solid / liquid ratio in the function of their
consumption.
The water should be supplied on the
incoming ore in its surface consumption function.
Research has established that the solid surface
consumption in the ball mill is equal to

ST (t ) =

6
F (t ) ⋅ υ(t )
⋅
,
δ P gL
dC

(2)

where F(t) – is the linear load on the conveyor belt;
υ(t) – is the ore velocity; dC – is the average ore
particle size in the bulk material flow; δР –is the
ore density; g – is the free fall acceleration; L –is
the conveyor scales base distance.
To implement (3) it is necessary to take
into account F(t), υ(t), dC. The indicators F(t) and
υ(t) are measured during the ore flow rate
determining. The average particle size should be
measured. This could be done on the basis of
research results which outlined in [15-18, 19].
Conclusions
Thus, this study shows that by the adaptive
control of:
- the water flow rate to the ball mill in the
ore surface function;
- the water flow rate in the boundary
dilution function of the classifier sands and
the residue water sprinkling to the
technological unit central part under its
flow rate, defined by the solid/liquid ratio
system in it,
it is possible increase greatly the grinding
efficiency, reduce the consumption of power, balls,
fettling and useful product losses.
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