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Abstract. With the rapid development of nanotechnology, the need to improve the
efficiency of material grinding processes has increased. One of the criteria for the
effectiveness of the process is the product fineness. There are various types of mills for
grinding materials, one of which is stirred media mills. The article presents the results of
experimental studies of a new design of stirred media mill on the example of sand
particles size reduction. The principle of operation of the new mill is based on the
organization of complex radial and axial impact on the particles of the material by
grinding balls. To ensure this principle, a typical stirred media mill design includes an
ellipsoidal rotor and a vibratory drive with springs. The results of the study demonstrated
that the maximal product fineness of the mill with an initial sand particle size of 100 pm
accounted for 2.32 pm, which is 2.6 times higher than the product fineness obtained in
typical stirred media mill designs.
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Nowadays, comminution processes are widespread in many areas of production (construction,
mining, food, chemical, etc.). The main problems existing in the comminution process are related to the
need to increase the efficiency and productivity of the particle size reduction.

Among the various types of technological eqgiupments for particle size reduction, stirred media
mill is one of the most common machines. The typical design of the stirred media mill is depicted in the

a b)

Rotor
Electric motor A-A  (disk)

Shaft

_LA

Rotor

Grinding ball

_ Chamber

Particle

Figure 1. Typical desing of stirred media mill

According to the Fig. 1, the main elements of a stirred media mill are a chamber, a rotor, grinding
balls, an electric motor. The principle of operation of the stirred media mill based on stirring the grinding
balls and particles by the rotor.
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To assess the factors determining the efficiency of the stirred media mill, many experimental
studies have been conducted by other authors.

For instance, the authors of work [1] conducted an experimental study of the distribution of
collision energy in a vertical stirred media mill. The results of investigation showed that a certain zone
of high collision energy of the grinding balls is created during the spin of the rotor. With increasing the
rotation speed of the rotor, the number of grinding balls in the zone of high collision energy has been
decreased. As a result, while the value of collision energy increases, the stress number parameter
decreases.

Authors of a research [2] found that the use of a disk-shaped (constant profile) rotor allows to
achieve the highest product fineness and high energy efficiency of the process. However, the variable
profile of the rotors (vane, pin-shaped) contributes to a more intensive circulation of the load, which is
likely to lead to more collisions of the grinding balls.

The authors of a work [3] found that the frequency of collision of grinding balls and their
destruction energy are inversely proportional [4, 5]. At a low value of chamber filling ratio, the
probability of collision of the gridning balls is low. As a result, the probability of collision on the material
is reduced. However, the balls moves greater distance to acquire acceleration, which leads to an increase
in collision energy.

The authors of work [6-10] studied the effect of the shape of grinding balls on the efficiency of
particle size reduction. As a sample of studies, spherical, square, and intermediate forms of grinding ball
were selected.

To increase the efficiency of the grinding process by increasing the product fineness, the authors
proposed a new design of the stirrred media mill, which is a vertical cylindrical chamber filled with
grinding balls.

Unbalanced shaft

4 A4 Rotor
Electric motor F (ellipse)

Grinding ball

Chamber ]

Particle

Spring elements

Figure 2. New design of the stirred media mill

To improve the efficiency of the grinding process, the following design innovations have been
proposed in the traditional design of the mill:

1) the height of the rotor is approximately equal to the height of the mill chamber;

2) the shape of the rotor is ellipsoidal;

3) the mill includes a vibration drive system, consisting of an unbalanced shaft with an electric
motor and elastic support elements similar to vibration vertical mills.

The purpose of this article is an experimental study the new design of stirred media mill.

2. Materials and method
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2.1 Description of the experimental apparatus

In Fig. 3 the proposed design of a new stirred media mill has been presented. The mill consists of
chamber 1, grinding balls 2, an ellipsoidal rotor 3, a disk rotor 4, a spring 5, a frame 6, a shaft 7, a spring
8, an elastic coupling to smooth out loads on the rotor shaft 9, the rotor motor 10, the drive belt 11, the
bearing 12, the base 13, the driving pulley 14, the driven pulley 15, the bracket for mounting the rotor
motor 16, support 17, an unbalanced shaft 18, an unbalanced shaft electric motor 19, an unbalance 20, an
amplitude measuring device 21, an elastic coupling to smooth out loads on the unbalanced shaft electric
motor 22, a support 23, nuts for fixing the rotor 24, switches 25 and 26.

a) Front view. b) Side view; c) Ellipsoidal rotor; d) Disc rotor; e) Vibration drive; f) Toggle switch
Figure 3. Experimental apparatus of the mill

The chamber is a vertical cylinder with a diameter of 120 mm and a height of 100 mm, fixed to a
metal frame. Taking into account the high-speed mode of movement of the grinding balls, the thickness
of the chamber wall with a size of 4.5 mm was chosen constructively.

The transmission of torque from the electric motor to the rotor shaft is conducted by a belt drive.
The driving pulley is fixed on the motor shaft, and the driven pulley is fixed on the bearing support. The
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connection of the shaft with the driven pulley is provided through an elastic coupling. The elastic
coupling is designed to smooth out the dynamic loads of the vibration drive.

The immobility of the shaft in the transverse direction is provided by three angular contact
bearings. The vibratory drive of the mill is an unbalanced shaft connected through an elastic coupling
with an electric motor. To damp vibration moving, the design of the vibration drive will be placed on
four springs.

The ellipsoidal rotor (with a major semi-axis of 40 mm and a minor semi-axis of 30 mm)is the
three-layer ellipse of dense rubber. The ellipsoidal rotor is rigidly fixed with an interference fit to the
threaded part of the shaft. The choice of material for the ellipsoidal rotor is explained by the low rubber
mass, which will prevent additional loads on the electric motor.

The experimental apparatus of the new mill consists of two separate drives. The first of drives
ensures the rotation of the ellipsoidal rotor. The second of drives provides the vertical vibration mode of
the chamber movement. The source of motion of the ellipsoidal rotor is an electric motor transmitting
torque to the rotor shaft through a belt drive.

To assess effectivness of the new design of mill, the variant with using of disk rotor has been
considered and investigated.

2.2 Input and output patameters

Taking into account the fact that the main parameter of the efficiency of mill is the product
fineness d ; , the parameter has been chosen as the output parameter. Based on this, we have opted the

input parameters (factors) of experimental studies.

Taking into account the quadratic functional dependence of the destruction (kinetic) energy on
the speed of the grinding balls, we choose the rotational speed of the ellipsoidal rotor n; as an input
parameter affecting on the radial destructive effect of the mill.

Based on the existing studies of vibration machines [11], it should be stated that the main
adjustable parameters in the axial direction are the amplitude A and frequency of vibrations n, .

Thus, three main input parameters have been selected that can form the basis of a three-factor
experimental study (Fig. 4).

Nk ,
y New stirred

media mill ’ d’

n.

Figure 4. Input and output parameters of experimental studies

The selected factors have been varied within the following ranges: 1000< n, <2000 rpm,
2,5< A<3,5mm, 1000< n, <3000rpm.
The range for determining the factors was chosen based on the analysis of existing designs of the

mills.
2.3 Milled material

Sand was chosen as the material for the experiment. Prior to the experiment, the ground material
was previously sorted by size through a vibrating sieve to obtain the initial value of the particle size 100
um (Fig. 5).
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Figure 5. Sieve for preparing the initial particle size of the material

Sand has high strength physical and mechanical properties. The choice of a material with high
strength characteristics will make it possible to adequately assess the effectiveness of the developed
design of the mill.

2.4 Planning of experiment

To assess the effectiveness of the new desingn of mill, let us plan a first-order experiment. In
accordance with [12, 13], we determine the total number of runs of a multifactorial experiment using the
following formula:

n
Nexp = ndgg (1)

In Eq. (1) Ny, is the number of factor levels; n. - number of factors.
From expression (1) it follows that with the number of levels Ny, = 2 and factors n, =3, the

number of experiments will be N, = 2° =8.
Taking into account the interaction of factors, we will compose a planning matrix for this

experiment (Table 1) with the following designations: X, = ng, X, = A, X3 = N,4.

Table 1. Experiment design matrix

Experience Planning matrix Working matrix
number X, X, X3 X X, X X X, X, XX,X; | Ng,rpm A, | n,, rpm
mm

1 +1 +1 -1 +1 -1 -1 -1 2000 3,5 1000
2 -1 +1 -1 -1 +1 -1 +1 1000 3,5 1000
3 +1 -1 -1 -1 -1 +1 +1 2000 2,5 1000
4 -1 -1 -1 +1 +1 +1 -1 1000 2,5 1000
5 +1 +1 +1 +1 +1 +1 +1 2000 3,5 3000
6 -1 +1 +1 -1 -1 +1 -1 1000 3,5 3000
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7 +1 -1 +1 -1 +1 -1 -1 2000 2,5 3000
8 -1 -1 +1 +1 -1 -1 +1 1000 2,5 3000

The matrix of the experiment, shown in Table 1, covers various level combinations of factor
values and will allow determining the degree of influence of input parameters on the product fineness.

2.5 Experiment procedure

Before the experiment beginning, the sand has been put in the chamber (Fig. 6).

Figure 6. Filling the chamber with ground material

Then, using the switch, the drives of the experimental apparatus have been activated. As a result
of the collisions of the grinding balls, the process of grinding sand in the mill chamber began. Further,
turning off the rotor drive with an interval of one minute, the values of the product fineness were
recorded, measured using an electronic device PSH-10 (Fig. 7).

Display

Clock face

-

Figure 7. General view of the device PSH-10

To measure the product fineness, the mass and layer of the material destucted for one minute
were previously determined using, respectively, electronic scales and a graduated cuvette of the device
(Fig. 7).

The values of the mass and height of the layer are entered into the corresponding input fields
using the dial of the PSH-10 device. The value of product fineness is displayed on the electronic display
of the device after press the “Measurement” button. The procedure for measuring the product fineness
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every minute has been repeated five times. After measuring the product fineness in a minute, the ground
material was reloaded into the grinding chamber and a similar process was repeated until a constant
particle size of the product was reached.

Analogical procedure has been realised for different regimes, changing the values of the rotation
speed of the ellipsoidal rotor, amplitude of the chamber vibration, and the rotation speed of the
unbalanced shaft. The adjustment of the rotation speeds of the ellipsoidal rotor and unbalanced shaft has
been conducted by the FR-E700 Mitsubishi Electric frequency converter (Fig. 8).

> .) i

Figure 8. Frequency converter FR-E700 Mitsubishi Electric

The magnutude of vibration amplitude has been varied the positions of the unbalances.

3. Results and discussion

In Fig. 9 the results of the experiment corresponding to the following values of the rotation speed

of the ellipsoidal rotor, the amplitude of the chamber vibration and the rotation speed of the unbalance
shaft has been shown:

a) N, =2000rpm, A=35 mmu n, =1000 rpm (Fig. %a);
b) n, =1000 rpm, A=35 mm u n, =1000 rpm (Fig. 9b);
¢) n, =2000 rpm, A=2,5 mmu n, =1000 rpm (Fig. 9¢c);
d) n, =1000 rpm, A=2,5 mmu n, =1000 rpm (Fig. 9d);
€) N, =2000 rpm, A=35 mm u n, =3000 rpm (Fig. 9¢);
f) n, =1000 rpm, A=3,5 mm u n, =3000 rpm (Fig. 9f);

g)N, =2000 rpm, A=2,5 mm u n, =3000 rpm (Fig. 9g);
h) n, =1000 rpm, A=2,5 mm u n, =3000 rpm (Fig. 9h).
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The results of the experiment are shown in Table 2.
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Figure 9. The results of theoretical and experimental studies
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Table 2. Experiment design matrix
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1 2000 35 1000 | 2.04 | 2.52 | 19.05% 10 7.36 8.4 12.4% 17
2 1000 35 1000 | 4.46 | 548 | 18.61% 13 7.36 9.1 19.1% 19
3 2000 25 1000 2.1 2.62 | 19.85% 11 7.74 6.9 12.2% 22
4 1000 25 1000 | 4.71 5.76 | 18.09% 12 7.74 8.9 13.1% 24
5 2000 35 3000 1.86 | 2.32 | 19.83% 6 5.41 6.1 11.3% 14
6 1000 | 3.5 | 3000 | 3.66 | 442 | 17.19% 8 541 6.6 18.1% 15
7 2000 25 3000 1.99 | 2.44 | 18.78% 7 6.12 6.7 8.7% 18
8 1000 25 3000 4.3 526 | 18.25% 9 6.12 7.1 13.8% 19

Thus, it follows from Table 2 that the highest product fineness 3.03 um has been achieved at
N =2000rpm, A =35 mm and n, =3000rpm, i.e. the maximum values of the parameters.

Conclusion

Based on the results of the experimental investigations of the new design of stirred media mill,
the following conclusions can be presented:

1. Experimental studies have been conducted with the comminution process of the sand with an
initial size of 100 um in the new mill. According to the results the maximum product fineness accounted
for 2.32 pm.

2. The results of experimental studies have shown that the product fineness with using an
ellipsoidal rotor at the maximum parameters of the mill is 2.6 times higher than when using a disk one.
This fact confirms the relatively high efficiency of using the ellipsoidal rotor with a high degree of loading
of the chamber with grinding balls.

3. It follows from the results of the experiment that the maximum grinding time is 2 times less in
the case of using an ellipsoidal rotor than when using a disk rotor.
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C.P. baiirepees, I'A. I'ypbsnos, O.}O. Bacnanesa
A. Cepixoaes amoirdazor Ivizvic Kasaxcman mexnuxarotx yrusepcumemi, Ockemer, Kasaxceman

’Kana Omcepaik ycaKTarbllll KOHCTPYKIIVSICBIHBIH 9KCIIEpUMMEHTTIK 3epTTeyi

Anpaarmia. HaHOTeXHOAOTMAHBIH KapKbIHABI AaMybIMeH MaTepuaaAbl YHTaKTay YpAicTepiHiH
TUIMAIAITIH apTTBIPY Ka’KeTTiAiri apTThl. YpAic TMiMAiAiriHiH cuniaTTaMadapblHbIH Oipi YHTaKTayAbIH
>KiHilKeiri 604apin Tabbl1agpl. MaTepuaagapAbl YHTaKTayFa apHaAfaH op TypAi ycaKTarblmTap Oap,
oAapAblH Oipi Oucepaik ycakTarbibl. Makaaada OmcepAik ycaKTaFBIIITBIH KaHa KOHCTPYKIIVACBIHBIH
DKCIIepMMEHTTIK 3epTTeyAepiHiH HaTuKeaepi OepiareH. JKaHa ycaKTaFbIIITHIH JKYMBIC icTey ITPUHITNIT
YHTaKTay IllapJap apKblAbl YHTaKTaJaThIH MaTepualAblH OeallleKkTepiHe OipAeckeH paguaaabl >KoHe
aKcmaaAbl acep eTyAl yibIMAacThIpyFa HerizjeareH. bya mpuHIUnTi KaMTaMacel3 eTy VIIiH OucepAik
YCaKTafrblIITBIH TUITIK KOHCTPYKIMSCH DAAUIICOUATH TpoduAb MimIiHi Oap poTOpAbI >KoHe
cepinmeaepi ©Oap Aipia >KeTeKTi KaMTHUABL. JepTTey HoTIDKeAepi KepceTKeHAel, OacTalKsl
Oeamexrepiniy Meamepi 100 MkM 0oaaThIH KyMABl YHTaKTay Ke3iHJge 3epTTeAeTiH yCaKTaFBIIIT
YHTaKTayBIHBIH MaKCUMaAAbl >KiHimkeairi 2,32 MKM 06044pI, Oya Omcepaik yCaKTaFBIIITHIH TUIITIK
KOHCTPYKIMSIAAaPhIHAA aAbIHFAH YHTaKTay KiHiIIKeirineH 2,6 ece >KOFapEL.

Tyi1in ce3aep: ycaKTarbIlll, SKCIIEPUMEHT, YHTaKTay KiHilllKkeairi, Oea1ex, yHTaKTay, yHTaKTay
HIAP5L
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C.P. barirepees, I''A. I'ypbsanos, O.10. Bacnabesa
Bocmouno-Kasaxcmarciuii mexnuueckuti ynusepcumem um. 4. CepuxoOaesa, Ycmo-Kamerozopcxk,
Kasaxcman

BKCHEPI/IMGHTaAbHOe ccaeagoBaHme HOBOW KOHCTPYKIN 6I/ICepHOI7I MeAbHUITbI

Annoramis. C OypHBIM pasBUTIEM HaHOTEXHOAOIMI BO3pOcAa HeOOXOAMMOCTD B ITOBBIIIEHNI
5P PeKTUBHOCTM HIPOIIeCCOB M3MeabueHNs MaTepmaaos. OauHuMm us xpurtepues 5(PpQPeKTUMBHOCTU
mpoljecca sABAsSETCA BeAMYMHa TOHKOCTU IIoModa. Jas ocylecTBAeHNUs U3MeAbueHUs MaTepualoB
CYIIeCTBYIOT pa3AMYHbIe TUIIBI MeAbHNII, OAHUM M3 KOTOPBIX ABAAIOTCS OMcepHble MeAbHUIIBL B cTaTne
IIpMBeAEHBl  pe3yAbTaTbl HKCIIEpMMEHTAAbHBIX MCCA€JOBaHMII HOBOM KOHCTPYKLIMHU  OMCepHOI
MeabHUITBL [TpyuHIMIT paboThl HOBOV MeABHUIIBI OCHOBAH Ha OpraHM3alii COBMECTHOTO paluaabHOIo
U aKCMaAbHOTO BO3JEMCTBUS Ha JacTUIBI M3MeAbdaeMOIo MaTepuada MeAmuMu Inapamu. Aas
oOecriedeHNsI 4aHHOTO MPUHIINIIA B TUIIOBYIO KOHCTPYKIIMIO OMCepPHON MeAbHMIIBI BKAIOUEHBI POTOP C
9AAUIICOMAHON (POPMOIi MTPOPNAs ¥ BUOPaLVIOHHBIN IPUBO/A ¢ Ipy>KnHaMn. Kak rokasaan pesyabTaTsl
1CCAe40BaHNIl, MaKCMMaAbHas TOHKOCTh IIOMO/4a MCCAeAyeMO MeAbHUIIBI IIPY M3MeAbYeHUN TIecKa C
ncxoaHbIM pazmepoM dactul 100 MkM cocrasnaa 2,32 MKM, 4TO B 2,6 pa3a IIpeBbliliaeT TOHKOCTb [IOM0A4a,
I10Ay4aeMyIO B TUIIOBBIX KOHCTPYKIIUAX OMCePHOI MeAbHUIIBL.

KaioueBbie caoBa: MeabHMIIA, DKCIIEPMMEHT, TOHKOCTh IIOMOAA, YacTuUIla, M3MeaAbueHUe,
MeAIOLIIL IIap.
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