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Abstract. The article considers topical issues of energyngain cement production with the
use of a technological grinding complex, which u#s a press roller grinder and a ball mill.
Rational conditions of grinding are proposed fag-phredded material through the installation
of blade energy exchange devices (BEED) in thé dniim. The loading level in the first
chamber varies periodically depending on the drotation angle, equipped with BEED. In the
zone of BEED's active action, there is a "scoopiafja part of grinding bodies together with
crushed material, raising them to a height andngivthem a longitudinally transverse
movement, which is different from movement credtethe mill without BEED. At the same
time, additional work that consumes engine powdreing done. A technique is proposed for
calculating the additional engine power consumptibra mill, equipped with a BEED. This
power is spent on creating a longitudinal-transvem®tion of grinding bodies and its first and
second chambers in areas of active influence ofBlBED. Comparative analysis of results
obtained experimentally and calculations of propgosguations show a high convergence of
results. These analytical dependencies may beebitéo Russian and foreign organizations
that carry out their activities in the field of dgs and manufacture of cement equipment, as
well as to cement producers.

1. Introduction

In the production of binding materials, various Itmig mixtures and products, one of the most
energy-intensive processes is process of crusmdgyanding raw materials, for which about 10% of
the world's electricity is consumed. At the sanmeetithe power consumption significantly increases
with the dispersion of obtained product.

It is known [1-2] that the power consumption ist éoushing of materials - 10-21 J/g, for fine and
superfine grinding - 360-3600, J / g. Thereforedss, aimed at improving the technology of grirgdin
and equipment to reduce the energy intensity optbeess, are relevant.

The annual volume of the cement production in tleeldvincrease and it is more than 2.5 billion
tons per year. The grinding process of raw matergadd cement materials, mainly in ball mills,
consumes 40 to 70% of the total power of the po{&4].

Scientists and practitioners, both in Russia aneaah were engaged in developing new and
improving the efficiency of existing grinding equmpnt [5-8]. They developed an energy-saving
technology for obtaining cement in a grinding coaxptonsisting of two aggregates of a press roller
shredder and a ball mill (PRG-CMM) [9-10].
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2. Themain part

As a result of the research it is established thaterial crushed in PRG after its treatment by the
pressure between rollers differs significantly frahe initial one. It has the form of compressed
plates, and its particles have micro-defect stnactbat requires special conditions for their gimgd
(Figure 1).

a b
Figure 1. Clinker: a - initial material, b — material aftmilling in a PRG.

According to research results material crushedRGRBhould be subjected to a short-term impact
in the first chamber of the mill for deagglomeratiof compressed tape and crushing-abrasion of the
grinding load in the second chamber for final giigd Such conditions of grinding materials can be
obtained in a ball mill with blade energy exchaulgeices (BEED): blade double action (BDA) and
the blade elipsis segment (BES).

In order to determine operating modes of the gnigdbad for various schemes of the BEED,
studies were carried out on a model of a ball mith a transparent body with sizeé 0,1x0,5m
(Figure 2 a-d) of the small innovative enterprigeetiter for Energy-Saving Technologies and
Complexes" on the basis of the innovative busimessbator of the Belgorod State Technological
University named after V.G. Shoukhov in the framedwaoof state support of innovation
entrepreneurship of young scientists of Russiaveusities.

As a result of the research it was found out thatrtature of the dynamic impact of grinding bodies
in CMM s significantly influenced by the relativecation of the BEED both in longitudinal and in
cross section of the mill body.

So, if BES is installed at the unloading end of thi# drum and inclined towards the bottom, its
major axis coincides with the larger axis of theB{Figure 2a), then their simultaneous action oscur
at an interval of 360 ° through the grinding lo@dis leads to the concentration of grinding media i
the middle of the second chamber, that will negdyiaffect the efficiency of the grinding process.

When the BES rotates relative to the BDA at an@n§l180 ° (the displacement of their large axes
makes an angle of 180°), this leads to alterngp@s®xe of the BEED to the grinding load, that leads
to greater mobility, movement and concentratiorthef BDA and BES (Figure 3b). This scheme of
BEED installation should contribute to the inteysif the grinding process of pre-crushed mateirals
the second chamber of the mill.

However, the installation BES, sloping to the udiog bottom, leads to the capture of the cilpel
load and lifting it to a higher altitude. This lsado a partial waterfall mode and reduces the
effectiveness of its work in the second chambee @lhange in the angle of BES inclination by the
opposite one (Figure 3c) leads to the disappearainte "waterfall effect” in the second chamber of
the mill, because this location of the BES does mise the grinding environment, but only
intensifies its impact on it in the longitudinalrelition that has a positive impact on the grinding
material.

When one changes the angle of the BES relativee®DA angle different from 18@e.g., 90° or
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27@) (Figure 3d) leads to a partial concentration laf grinding environment in the center of the
chamber. This is due to the mutual imposition wisps from effects of BDA and BES, which will
also have a negative impact on the efficiency efghinding process of materials.

The installation of BDA will ensure a shock-abrasigffect of the grinding load on the grind
material in the first chamber of the mill. Contmodj the magnitude of the pulse from the BDA, in
addition to its angle of inclination, makes it pib$s to ensure the availability of horizontal seos of
the partition.
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Figure 2. Schemes for installing BEED and diagrams of motibgrinding bodies.

Thus, studies of the character of grinding bodiesian in CMM equipped with BEED show that
the operating mode of the grinding load dependslarge extent on the layout of the installatiod an
the relative location of the BDA and BES. The m#ibscheme for installing the BEED in the drum
mill with the grinding of materials pre-crushedRRG is the scheme (Figure 2c) whereby in the first
chamber of the mill it is carried out abrasive dmg action of grinding bodies, and in the second -
crush-grinding process.

The conducted studies show the installation of BEfEie form of BDA, and BES in the drum of
the ball mill makes it possible to intensify the vement of grinding load. The loading level in the
first chamber varies periodically depending on dinem rotation angle. In the zone of BEED active
influence, there is a "scooping" of a part of gimdbodies together with the material to be crushed
raising them to a height and giving them a longitatly transverse movement in the mill without
BEED (Figure 3). At the same time, additional waskbeing done, which requires the additional
engine power. And the absence of a scientificalyugded method of calculating its value for mills
equipped with BEED slows down their introductiotoithe industry.
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Figure 3. The scheme of installation of BEED in the druni bill.

Additionally, the consumption of mill power is ré¢ga@ (compared to mills with vertical partitions)
to the movement of the center of mass of the gnipdliodies along the axis of the drum of the mill
through the influence on the grinding load in thveditudinal direction of BDA and BES.

PowerN for a certain period of timé& is calculated by the formula:

A
N=2. D

whereA - the amount of work done during the same timéoger .

For a period of timd, let us take the time of one rotation of the sitlrum; if the mill makes
rotations per minute, then one rotation is perfatimea time equal to:

T= 1 min 2)
n
or
T= %) sec. 3)
In this case:
n=¢n,, (4)

where y [Psi] — the relative frequency of rotation, — the critical frequency of rotation.
In that:

30 g
n, ==—,=, 5
“ VR ®)

where g = 9.81 mfs- acceleration of gravityR— radius of the mill drum, then formula (3) can be
written in the following form:
2R sec (6)

UNCE

During one rotation of the mill's drum, the centémass of the grinding charge in each chamber
will move from one extreme position to the othed &ack again. For the first chamber, the movement
of the center of mass of the load in one rotatithe mill's drum is determined by the formula:

Si=2yc -yl 7

T=

According to [6], y. andy; are calculated, respectively, by formulas:
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Moving the center of mass of the load for one rotabf the mill drum in the second chamber is
determined by the formula:

S, = 2|Yc2 - y'c:2| ' (10)
Calculatingy ., andy’, according to (4) is determined by formulas:

- ~' ctd?a . m) A . m
YeoVa = 98 [xz(Zx%-l)\ll-xé+arcsmx2-§j--72[x2\/1-x§+arcsmx2-5j- (11)

' /" )\2 T[ H 1 1 1 2| Ctg] r 3
ycsz=72(E—arcsmxz—x2\/1—x22j+ 23 (1-x2 ). (12)

Since the work is done by the friction force, then:

A = ‘ Ffrs‘ = Ffrls. + FfrZSZ : (13)
In its turn:
F,=fG=fMg=fgpW,.=fayev, (14)

wheref — coefficient of sliding friction grinding load ahe body of the drum mill3; — weight of
the grinding load in the first chambd; — mass of the grinding load in the first chambgigamma]

— bulk weight of grinding loadVy.— volume of the grinding load in the first chambe;[fi] —

coefficient of loading grinding bodies of the fitdtambery; — volume of the first chamber.
A similar formula holds for the second chamber:

Ffr2:fGZZszg:fgyVZOad:fgywzvz (15)

Comparative results are obtained experimentally a@attulated with the following input
parameters: the radius of the mill drum is R =@;8he length of the first chamber is4 0.65 m; the
coefficient of loading of the first chamber¢s = 0.18; the length of the second chambes 1.3 m;

the coefficient of loading of the second chambeg is= 0.3; the coefficient of sliding friction is f =

0.4; bulk weight of grinding load ig = 4 550 kg/; the angle of inclination of the BDA and BES to
the axis of the mill drum ist = 60°; relative rotational speed of the mill drusnyi= 0.76 (corresponds
to 45.5 mirt). This shows that the difference between experalgnobtained and calculated data
does not exceed 10%. With indicated values of thguti parameters, the additional power
consumption, obtained by calculation, was as falltaw the first chamber — 62.2 W; for the second
chamber — 441.0 W; in general for the mill — 508/2experimentally obtained — 545 W.

3. Conclusions
Thus, the installation of the energy exchange dewidhe mill drum makes it possible to intenstig t
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operation of the grinding load that is indicatedihg value of the additional power consumptionhef t
drive, and equations (10) and (11) obtained arwalyi make it possible to calculate the value @& th
additional power consumed by the mill, equippedchwiite BEED, and reflect the real process with
sufficient accuracy.

The comparative analysis of the experimentally ioleth data and calculation shows that the
difference between them does not exceed 10%.
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