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GRINDING

Annatation. The aim of the work is creating a regression model of the material classifying proc-
ess in a jet grinding plant based on the experimental results. The data of various bulk material
grinding in a laboratory mill and in industrial conditions were used. The main technological pa-
rameters affecting the performance of the classifier are determined. On gas-jet installations a
number of dependences of changes in the volumetric flow rate of the material at the outlet of
the classifier from the volumetric flow rate of the material at the inlet of the classifier and from
the speed of the classifier rotor were experimentally got. The magnitude of the influence of each
adopted factor and their mutual influence on the performance of the classifier with the determi-
nation coefficient R = 0.88 - 0.95 are obtained. The regression dependences make it possible to
improve the control system for the classification process of jet grinding in a closed cycle.
Keywords: classifier, regression model, factor, jet grinding.

Introduction. Nowadays grinding of solid materials is one of the ur-
gent problems of modern industry. In most cases, the use of solid materials in
heterogeneous and solid-phase reactions without their preliminary grinding is
generally impossible. And if you take into account that many materials used
by industry are in a solid state, then grinding is the main operation for their
processing.

Gas-jet grinding is one of the most promising methods for fine mate-
rial production. However, the high energy intensity of the technological proc-
ess inhibits its widespread adoption in industry. With the selected technologi-
cal parameters, the optimal grinding mode is determined by the filling of the
jets with material. For an excess (overload of the mill) and a shortage (unload-
ing of the mill) of the material, productivity decreases, the grinding process
can stop [1].

Analysis of publications. Open cycle grinding plants provide for a
single loading of the material, i.e. all material from the grinding zone passes
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through a classifier, in which the entire material stream is divided into the
ready product, i.e. the required size class and larger than it, and exit from the
grinding cycle. From the beginning of grinding, small particles are formed,
their further stay in streams leads to overgrinding and waste of energy [2].
When grinding operates in a closed cycle, the mill works with a classifier,
where the product larger than the required size is continuously returned for
repeated grinding into the mill. This scheme is widely used in fine grinding,
when size uniformity of the ready product is required. Closed-loop operation
allows reducing energy consumption for grinding and increasing mill produc-
tivity [3].

Improving the classification efficiency and optimizing the circulating
load, with causes an increase in the passage speed of the material through the
mill, can also reduce the amount of overground material.

The aim of the work is to design a regression model of the material
classifying process in a jet grinding plant based on the experimental results.

To construct a regression model of the material classification process
in the mill, we used the experimental results of slag grinding in the USI-20
experimental unit [4] and zircon grinding in the industrial jet mill of the Vol-
nogorsk Mining and Metallurgical Factory [5]. These plants used dry separa-
tors.

During the research, the technological parameters were determined,
on which the performance of the classifier (separator) depended. The classifi-
cation process is considered from the position of changing the volume of ma-
terial passing through the classifier. Therefore, for the regression model the
response function is the volume flow of the material at the outlet of the clas-
sifier Qout. At gas jet units experimentally there were obtained a number of
dependencies of the volumetric flow rate of material leaving the classifier
from values of the following parameters: the volumetric flow rate of material
in a classifier inlet Qin; classifier rotor speed n. These are the main factors of
influence on the volumetric material flow rate at the outlet of the classifier on
the studied device.

Figure 1 shows a classifier model of a jet grinding plant as a control
object.
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Qout — Vvolumetric consumption of material at the outlet of the classifier, kg / h;
Oin — volumetric consumption of material at the entrance to the classifier, kg / h;
n — classifier rotor speed, s!;

Couwr —material feeding the circulating load at the output of the classifier, kg /h
Figure 1 - Classifier model of a jet grinding plant

At the experimental studies, one of the parameters is varied at fixed
values of the others, and then the experiments are repeated at other values of
the fixed variables. This approach made it possible to conduct both paired re-
gression analysis and multiple analyses that took into account the mutual in-
fluence of the considered factors.

Before conducting a regression analysis, it is necessary to code factors.
Coding of factors allows transferring the natural values of factors into dimen-
sionless quantities, which provides the possibility of a comparative impact as-
sessment of various parameters on the process regardless of their dimension,
and also allows you to construct a standard orthogonal plan matrix of the ex-
periment.

The relationship between the encoded and natural expression of the
factor is given by the formula 1:

X, - X,

1

; ()

where X; - coded expression of the i-th factor; X, — natural value of the fac-
tor; x,, — the value of the i-th factor at zero level; Ax, — interval of variation
of the i-th factor.

Table 1
Experimental Factors for a Laboratory Mill
Factor Factor levels
-1,42 -1 0 +1 +1,42
Qin, kg/h 5 10 12 14 19
n, s 500 850 1000 1150 1500
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Experimental Factor Values for an Industrial Mill

Table 2

Factor Factor levels

-1,42 -1 0 +1 +1,42
QOin, kg/h 630 665 680 695 730
n,s’! 170 173,5 175 176,5 180

Generalized regression dependences of the change in the volumetric
material flow at the exit from the classifier Q.. from two variable factors for
calculation are set in the form of a second degree polynomial taking into ac-
count the mutual influence of variables:

Y =aq, +iai'xi+iaﬁ-x,-2+iaij-xi-xj
i i i<j , (2)
where Y - response function (Qouw); ¢, — free term of the equation; g, x;,

2 . . .
a;-x; — linear and quadratic terms; +gq;-x;-x; — terms of paired products of

factors; n = 2 — number of variable factors.

The coefficients of the given dependence are determined by the least
squares method by means of the application package for processing statistical
data Statgraphics Plus. After each cycle, the adequacy F (Fisher statistics) of
the obtained model is evaluated by the experimental data. The determination
coefficient R is calculated, which shows how much percent the variability of
the function is explained by the influence of the factors taken into account in
the model. By the sign of the regression coefficient a; the influence of the cor-
responding factor can be determined x; on function: a positive sign indicates
an increase in function with increasing factor x;, negative - about the decline.
The absolute value of the coefficient a; shows how much the effective attrib-
ute will change when the corresponding factor changes on the unit. Interac-
tion ratios (+a; -x;-x;) evaluate the influence of each factor depending on the

level at which another factor is located. Sign plus coefficient 4, indicates that

a simultaneous increase or decrease in factors x; and x; leads to increased re-
sponse. If the interaction coefficient has a minus sign, then the increase in the
response value (of the studied function) is ensured if one of the factors de-
creases and the other increases.
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Thus, as a result of the calculation, a generalized regression depend-
ence of the change in the volumetric material flow rate at the outlet of the
classifier with the variation of two type parameters is established:

Qout=c+a1-Qin+b1-n+a2-Q§1+b2-n2. (3)

It should be noted that in the equations there are no products of the

first degrees of parameters. For example, for slag of the initial size less than
2.5 mm ground in a laboratory unit, the regression dependence has the form:

Ou =10+3,47 -0, +2.25-n+0,22-05 ~1,16-n° (4)

For ground zircon in an industrial mill, the equation is as follows:
Qu = 577,5+2517-0, +21,64-n+125-02 +1,25-7° (5)

This regression dependence within the studied parameters has a de-
termination coefficient of R=0,88 — 0,95, which shows that the variability of
the function Qo is explained same value by the influence of factors taken into
account in the model.

Figures 2 and 3 present a three-dimensional graph of the dependence
of Qout On the considered factors for classifiers of a laboratory and industrial
mill, respectively.
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Figure 2 — Qou response surface Figure 3 — Qou response surface
for the USI-20 classifier for industrial plant classifier

Figure 4 shows the influence of each factor and group of factors on the
response function Qou: (in percent) for a laboratory mill. The graph shows that
the factor A exerts the greatest influence on the Qou value, i.e., the volumetric
material consumption at the inlet to the classifier. Thus, the volumetric flow
rate of the material at the inlet more significantly affects the volumetric ma-
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terial flow rate at the output of the classifier, than the rotation speed of the
classifier rotor (41 % and 26 %, respectively).
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Figure 4 — Pareto graph for response function Qout

Conclusions. The constructed regression model of the material classi-
fication process in jet grinding plant showed the predominant influence of the
loading degree of the grinding chamber on the performance of the classifier.
The obtained regression dependences of the influence of each adopted factor
on the classifier productivity adequately describe the classification process
and can be used to increase the efficiency of jet grinding.
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Pezpeciiina modens npoyecy knacugikayii npu cmpyMuHHoMy nodpibHeHHT

[idsuweHHA epekmusHOCMI KAACUGIKAUIi ma onmumi3ayia YUPKYOY0i HABAHMAXEH-
HA, W0 BUK/UKAE 301/1blUEHHSA WBUOKOCMI NPOXOOXeHHs mamepiany yepe3 MauH, 00380/150Mb
nosinwumu AKiCme 20M0B020 NPOOYKMY 1 3HU3UMU KiJIbKICMb nepe30pibHeHo20 mamepiasy.
AkmyanbHicme pobomu BU3HAYEHA HEOOXIOHICMI0 BU3HAYEHHS BNJUBY OCHOBHUX MeEXHOJI0214-
HUx napamempis Ha egpekmusHicmMb pobomu Kaacugikamopa 8 3aMKHYmMoMy YUK CMpPYMUHHO-
20 nodpibHeHHA. Mema pobomu - nobydosa peapeciliHoi Modeni npouecy Kaacugikayii mamepi-
any 8 cmpyMuHHili noopibHIBANbHIL YCMAHOBYT HA NIOCMABT OMPUMAHUX eKCnepuMeHmaabHux
pe3ybmamis.

llpoyec knacughikayii po3enadaemscs 3 nNo3uyii NPOXOOKEHHS MACONOMOKIB Yyepe3 cena-
pamop 1 no0iny Ha BUX00T HA 20MOBUL NPOOYKM 1 YUPKYAAYIIHEe HABAHMAXEHHS, AKe NONOBHIOE
MJIUH.

Bukopucmosysanucs 0aHi noOpibHeHHs Pi3HUX cuny4ux mamepianis Ha 1a60pamopHoMy
MJIUHT T 8 NPOMUC/IOBUX YMOBAX. Bu3HayeHo 0CHOBHI MexHOMI02TYHI napamempu, Wo 8NaUBAIOMb
Ha npoOyKmusHICmb Kaacugikamopa. Ha 2azocmpymMuHHUX YCMAHOBKAX eKCnepuMeHmanbHo
ompumaHo pso 3anexHocmel 3MiHU 06'eMHOT BUumpamu mamepiany Ha BUX00i 3 Kaacugikamopa
810 Be/IUYUHU 006'€EMHOT BUMpamu mamepiany Ha 8xo0i 8 Kaacugikamop i yucia obopomis po-
mopa kaacugikamopa. OmpumaHo 8eaUYUHA BNJIUBY KOXHO20 NpuliHAmMo2o ¢pakmopa i ix 83ae-
MHUl 8naUB HA NpoOYKMUBHICMb Kaacugikamopa 3 KoegiyieHmom OemepmiHayii R = 0,88 -
0,95. 3anexHicme A€ CO60K KBAOPAMUYHy (yHKUI0 810 06'€eMHOT BUmMpamu mamepiany Ha
8x001 8 Kacugikamop 1 weudkocmi obepmarHHa pomopa kaacugikamopa. [lobydosaHa pezpe-
CiliHa Modesb npouecy Kaacugikayii mamepiany 8 CmMpyMUHHIL NOOPIOHIOBANBHIL YCMAHOBYT
NnoKa3ana nepesa)kHuli BNUB CMyneHsa 3aBAHMAXEHHA NOMOJIbHOT Kamepu HA NPOOyKMUBHICMb
Knacugikamopa. OmpumaHi pezpeciliHi 3a1exHocmi 00380/A10Mb YOOCKOHAAUMU cucmemy
YNpasaiHHA NPOYeCcoM Kaacugikayii CmpyMuHHO20 NOOPIGHEHHSA 8 3AMKHYMOMY YUK, W0 € Ya-
CMUHOI0 cucmemu ynpasaiHHA 8CiM MUHOM.

Regression model of the classification process at jet grinding

Grinding of solid materials is one of the urgent problems of modern industry. Improving
the classification efficiency and optimizing the circulating load, which causes an increase in the
passage speed of material through the mill, can raise the quality of ready product and also
reduce the amount of over ground material. The relevance of the work is determined by the need
to determine the influence of the main technological parameters on the efficiency of the
classifier in a closed cycle of jet grinding. The aim of the work is constructing a regression model
of the material classifying process in a jet grinding plant based on the experimental results.

The classification process is considered from the point of view of the mass flows passage
through the separator and separation at the outlet at the ready product and the circulation load,
which feeds the mill. The data of grinding various bulk materials in a laboratory mill and in
industrial conditions are used. The main technological parameters affecting the classifier
productivity are determined. On gas-jet installations, a number of dependences of changes in the
volumetric flow rate of the material at the outlet of the classifier from the volumetric flow rate
of the material at the inlet of the classifier and the speed of the classifier rotor are
experimentally obtained. The magnitude of the influence of each adopted factor and their
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mutual influence on the performance of the classifier with the determination coefficient R =
0.88 - 0.95 are obtained. The dependence is a quadratic function of the volumetric flow rate of
the material at the entrance of the classifier and the rotor speed of the classifier. The simulated
regression model of the material classification process in the jet grinding plant showed the
predominant influence of the loading degree of the grinding chamber on the classifier
productivity. The regression model allows us to improve the control system for the classification
process of jet grinding in a closed cycle, which is a part of control system of whole jet mill.

TepHoBa Karepuna BitaniiBHa - HayKoBMii CIiBpOOGITHMUK [HCTUTYTY TeXHIUHOI Me-
xaHikyu HAH Ykpainn i IKA Ykpainn, K.T.H.

Mysuka JleB BotogyMupoBuY — MOJIOAIINI HAYKOBUIA CITIBPOOITHUK [HCTUTYTY Tex-
HiuHO1 MexaHiku HAH Vkpainu i IKA Ykpainn.

Ipsimko Hatamiss CepriiBHa — MpOBigHNMIT HAYKOBMIA CITiIBPOOITHUK [HCTUTYTY TEXHIU-
Hoi mexaHiku HAH Ykpainu i IKA Vkpainau, 1I.T.H., C.H.C.

TepHoBass EkaTepuHa BbITasibeBHaA - HayYHbIN COTPYOHUK, NHCTUTYT TeXHUUYECKOM
mexaHukyn HAH Vkpaunsbl 1 I'KA YkpauHsl, K.T.H.

Mysbika JleB BaaguMmuposmuyu — MWiIafiniA HaydHblil COTPYSHUK, UHCTUTYT TeXHUYEC-
koit mexaHuky HAH Vkpaunbl u 'KA YkpauHbl.

IIpssigko Hatanmusa CepreeBHa — BeAylluii HAYYHbIA COTPYOHUK, THCTUTYT TexHUYeC-
Koy mexaHuky HAH Ykpaunsl u I'KA YkpauHsl, 1I.T.H., C.H.C.
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