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COEFFICIENT OF LOCAL LOSS OF MECHANICAL ENERGY OF THE FLOW
FOR A MIXTURE OF CHARGE MATERIALS

Purpose. To determine the dependence of the coefficient of local losses of mechanical energy of flow of a two-component
mixture of charge material on its depth, content of components, and average equivalent diameter of particles in the case of their
free-dispersed motion.

Methodology. The value of the coefficient of local losses of mechanical energy was determined by the value of the hydraulic
resistance of the fluid during its movement in open channels and pipes. In this paper, methods were used of comparative analysis,
mathematical modeling and forecasting of dynamic processes in the flow of granular material.

Findings. Based on the results of theoretical studies, a mathematical model was obtained, the use of which allows calculating
the coeflicient of local losses of mechanical energy for the flow of a two-component mixture of charge materials with agglomerate
particle sizes from 15 to 50 mm, pellets from 6 to 12 mm, coke from 10 to 60 mm. The developed model with satisfactory accuracy
makes it possible to evaluate the movement of the charge from the indicated materials along the paths of the charging devices of
blast furnaces at a speed in the range from 1.5 to 20 m/s and to determine the trajectories of the mixture of charge materials on the
top with an accuracy of 0.2 m. It is noted that the calculation of the above coefficient by the known techniques is not accurate
enough, which is associated with the uncertainty in the choice of a single average equivalent diameter of the particles of the two-
component charge. Comparative analysis of the developed model with the known models and experimental data indicates that the
accuracy of calculating the dynamic parameters of a two-component flow of charge materials using the developed model increases
by 5—10 % in comparison with calculations using the previously known models.

Originality. For the first time, regularities of changes in the coefficient of internal mechanical losses of a two-component flow
of charge materials from its depth, content of components, average equivalent particle diameters when moving along the paths of
charging devices of blast furnaces have been established.

Practical value. Mathematical dependencies have been developed and can be used to determine the technological parameters
of the charge of a modern blast furnace with different characteristics of the granulometry of the charge and the ratios of its compo-
nents. This will increase the accuracy of predicting the course of the process under consideration, the degree of automation of the
control systems for the technological process of the charge supply of blast furnaces, will make it possible to use expensive charge
materials more efficiently, reduce energy consumption and reduce the harmful impact on the environment.
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Introduction. Most of the charge materials used in met-
allurgy are granular. In this regard, in order to ensure stable
and efficient operation of the equipment, it becomes neces-
sary to calculate the dynamic parameters of such flows. For
the efficient carrying out of technological operations for
transporting the charge, it is necessary to calculate the flow
rate (mass or volumetric) of the material in the guiding ele-
ments of the equipment, which provides a given direction of
flow. One of the directions for solving such a problem is the
construction of a corresponding adequate mathematical
model, an element of which, as a rule, is the Bernoulli equa-
tion for the flow. In this case, it is necessary to take into ac-
count the restrictions associated with the internal interac-
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tion of the particles of the material for various types of its
movement.

The magnitude of losses during the movement of the flow
of granular material is characterized by the magnitude of the
coefficient of local losses (CLL). For a homogeneous charge
material, the methods for determining the CLL are known [1].
However, when conducting blast-furnace melting, a two-com-
ponent mixture of charge materials is often used. For example,
a mixture of sinter and pellets can be used as an iron ore part,
or a mixture of iron ore and fuel parts of a blast furnace charge
can be fed to the top of the top. The average equivalent diam-
eters of such materials can differ from each other by three
times. For this type of mixtures, the use of the existing method
for determining the CLL leads to unacceptably high significant
calculation errors. At the same time, the method of analytical
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calculation of the CLL, which takes into account the concen-
trations of the components of the charge with different equiva-
lent diameters, will make it possible to more accurately calcu-
late the flow rate of the charge moving along the guide ele-
ments of the transportation system. In turn, this will allow
saving energy resources of blast-furnace smelting by 1—3 %, as
well as improving the environmental performance of the tech-
nology for producing blast-furnace pig iron.

Literature review. At present, the characteristics of a mov-
ing stream of a charge are considered using the finite element
method for a plane or spatial model of interaction [2—6]. In
this case, for the calculations, the authors introduce a number
of assumptions and restrictions, which not only complicates
the calculation process, but also casts doubt on the adequacy
of the results obtained.

In particular, in such studies the authors of [2] used a spa-
tial model of clusters in the thickness of a moving granular ma-
terial. With this approach, the granular material was consid-
ered as a collection of individual particles, and their interac-
tions were calculated with updating at each calculation step
using Newton’s second law. That is, in combination, a linear
contact model is used together with the Coulomb friction law.
The authors take into account the internal interaction by the
clustering coefficient, for which graphical dependences on
stresses are known for various ratios of the diameters of the
multicomponent granular material.

This approach has satisfactory accuracy for cases of rela-
tively low (up to 2.5—3 m/s) velocities of particle flows. At the
same time, this technique assumes to assign new initial condi-
tions for using the numerical DEM method in each case when
the position of the guiding element changes, which is associ-
ated with a large amount of preparatory work for calculations.
In addition, the clustering coefficient cannot be used in the
Bernoulli equation to determine the internal mechanical loss-
es of a moving stream. The authors of [3] consider the motion
of a flow of spherical particles in a resisting medium. On the
basis of this model, the authors calculated the change in the
particle velocity, the conditions for the formation of so-called
clusters, determined the factors at which the fastest advance of
the material is possible, the ratio of the particle sizes of the
flow of the moving and resisting material. Nevertheless, this
approach is inapplicable for determining the dynamic param-
eters of the flow of charge materials during its movement in the
charging systems of blast furnaces due to the sufficiently high
speeds at which the formation of cluster blocks is unlikely.

In [4], the process of elastic interaction between particles
of granular material in a flow is considered, taking into ac-
count losses due to internal friction. The authors of the work
assessed the internal resistance between the particles of the
flow in terms of their “stiffness”, which was calculated based
on the choice of the damping stiffness coefficients. The stress
state of the system is given taking into account the gradient of
the flow velocity, the mass of the particles and the coefficient
of their rigidity. At the same time, taking into account the ef-
fect of gravity in this work is limited by the coefficient of mac-
roscopic friction, which leads to a low level of accuracy in pre-
dicting the motion of multicomponent mixtures.

In [5], the authors give a calculation of the stress state in a
bulk cargo flow, where tangential and normal stresses depend
only on the friction coefficient and the magnitude of the rela-
tive shear, which significantly reduces the accuracy of the cal-
culated parameters of real flows of granular materials.

The authors of [6] consider the stress state of two-compo-
nent mixtures of granular material, depending on the compo-
sition and moisture content of the materials in the mixture.
However, this approach is applicable only for a static state or
for the case of low velocities of the flow of a two-component
mixture.

From the above, it follows that today there are no methods
that allow determining the dynamic characteristics of flows of
granular materials with high accuracy, and are suitable for de-

scribing the movement of the charge in the transportation sys-
tems of blast furnace production, which reduces the efficiency
of the furnace loading systems.

Proceeding from this, the creation of an integrated ana-
lytical method for calculating the parameters that takes into
account the loss of mechanical energy of the flow of a two-
component mixture of bulk material is an urgent scientific and
technical problem.

Purpose. Development of theoretical foundations for ana-
lytical calculation of the coefficient of local losses of mechani-
cal energy of the flow of granular material, the introduction of
which will increase the efficiency of blast furnaces due to pro-
ductivity factors and energy savings.

Methods. On the basis of modern methods for determining
the CLL, based on calculating the resistance to fluid move-
ment in open channels and pipes, the CLL was calculated for
a two-component blast furnace charge. Using the data ob-
tained, the Shezy coefficient was calculated for the corre-
sponding contents of the components of the granular mixture,
as well as the theoretical values of the volumetric flow rates of
the charge from the storage hopper with a slide gate. We
checked the adequacy of the obtained mathematical model by
comparing theoretical results with experimental data.

Results.Currently [7] for calculating the CLL, the formula
is used

k2d*

7a
L)

where k is a dimensionless coefficient depending on the shape
of the particles (k = 10—13); f'is the coefficient of internal fric-
tion of bulk cargo; a is height of the bunker outlet, m; K, is a
dimensionless coefficient depending on the conditions of the
outflow of bulk cargo from the bunker (direct or lateral outflow
of bulk cargo from the bunker), determined from the experi-
ment; d is the average equivalent diameter of the bulk cargo
particles, m.

At present, to determine the coefficient, along with (1), the
method for determining the hydraulic resistance during fluid
movement in open channels and pipes is also used [8]. In this
case, the movement of charge materials along an inclined
plane is considered as a flat model. The design diagram of the
movement of bulk cargo along an inclined plane in the case of
its free-dispersed state is shown in Fig. 1.

Fig. 1 indicates: # — flow depth; G — the weight of the ele-
ment in question; y — coordinate of the height of the moving
layer; © — shear stresses; V' — the speed of the flow particles.

Due to the uniformity of movement, the height of the bulk
cargo flow remains constant along its length. The origin of the
coordinate system Oxy by virtue of the foregoing is assigned on
the surface of the inclined sliding plane, and the Ox axis and Oy
axis are oriented, respectively, parallel and perpendicular to

=KK, )

Fig. 1. Scheme for calculating the movement of bulk cargo along
an inclined plane
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the inclined sliding plane. Using the scheme in Fig. 1, in the
bulk cargo flow, we select the ABCD element of length /,
formed by two cutting planes /—/ and 2—2, perpendicular to
the direction of the flow, and by the flow plane parallel to the
inclined sliding plane and spaced from it at a distance y. Then
from the equation of equilibrium of the projections of the force
of gravity and the force of resistance on the axis Ox, applied to
the selected element of the bulk cargo, we have

t=pg(h-y)sina, (2

where 1 is shear stresses in the bulk cargo flow at a distance y
from the inclined plane, H/m?>

On the other hand, the tangential stresses in the flow of
charge materials can be calculated using the formula

2
1 oV
=—p-k2d* — |, 3
N 3p [8y] 3

where p is the density of a piece of material; & is the coefficient
depending on the shape and concentration of particles of bulk
material; d is the average equivalent diameter of a piece of ma-
terial of charge materials; V'is the average velocity of the par-
ticles of the charge material in the flow.

The use of formulas (2, 3) is permissible subject to two
main hypotheses. This is a hypothesis about the homogeneity
of the material and a hypothesis about the proportionality of
the physical and mechanical characteristics of the considered
bulk cargo. In this case, the homogeneity of the material is
understood as the uniformity of the distribution of the size and
physical and mechanical properties of the particles of the ma-
terial throughout the volume of the charge flow. The portion-
ing of the flow is understood as the equality of the general dy-
namic characteristics of the bulk cargo to the sum of the char-
acteristics of individual types of materials included in the mix-
ture. Based on this, you can write

2 2

1 oV 1 oV
T=T1T, :§p1 R 'kzdlz[ay] "’gpz P, 'kzdzz[ay] , @
where P, is the probability of collision of the first type of mate-
rial with the second; P, is the probability of collision of the
second type of material with the first.

Index 1 is used for the first type of material from the mix-
ture, respectively, index 2 — for the second type of charge ma-
terial. Equating the shear stresses in expressions (2) and (4), as
well as carrying out transformations, we obtain

oV 2: 3p-g(h—y)sina
) p-B-k¥2+p,-P-kid}

Denoting the denominator of the right-hand side of (5)
through, we get

)

oV _ [3gsina
oy A
Integrating equation (6) over y from 0 to 4, taking into ac-

count the boundary condition on the surface of the inclined
plane (at y=0, V'=0,) we arrive at the equation

V(y)=§ /3gS/iII10L [hg/z_(h_y)m} ™

Assuming that y = &, we find the maximum flow rate

2 [3gh’sina
V == |—=—-. 8
m 3\/ y (3)

From a comparison of the obtained formulas (7) and (8)
with the dependence in (Kiriya R. V., 1999), it is easy to see
that for a homogeneous material that does not consist of a
mixture of two types, the value A4 is equal to

A=k )

(h=y). (6)

It is known that [9]

4.17k>d
§=T« (10)
Considering (4, 5, 9) and (10), you can get
4.17(p,- P -k*d* +p,- P,-k?d})-1
&= ( ) . (11)

h3
To use dependence (11), it is necessary to obtain equations
that would make it possible to determine the collision proba-
bilities for P, and P,. For this purpose, let us designate through
V the entire volume occupied by the charge material, through
V) and V, — the volumes occupied by material 1 and materi-
al 2, respectively. The following quantities are called the volu-
metric concentrations of materials

¢4
- (12)
C,=-2
V

That is, the ratio of the volume of material 1 to the total
volume of material will be called the concentration of materi-
al 1 in a two-component mixture of granular material (12).

Let N, be the number of particles of material 1, while N, is
the number of material 2, accordingly. If we represent pieces of
material as balls, then the total volume of material particles is
equal to

4 4
V=V +V,= ngan +N2§nR§’ :%Nldf +%N2d§. (13)

Taking into account (13), expression (12) takes the form

n n
N,—d} N, —d}
c- 6% _ e _ NG .
3 3
4 NI+ N, a3 N\d; + Nydy
6 6
Similarly with (14) for C,
T
N,—d5 3
N,d
C2 _ 6 272 (15)

V. Nd+Nd

For the sum of volumetric concentrations, the following
expression is valid

Ci+GC=1. (16)
Let us divide equation (13) into equation (14)

C, Nd’

L1 13 , (17)
G, Ny

or
Nd}

C, =C,—L. 18

1 2 N2d23 ( )

In this case, taking into account (15—17) and (18), the ratio
of the number of particles of material 1 to the number of par-
ticles of material 2 is

Nl Cl dg

— =1 19

N, C,d {19
Total number of particles is

N=N,+N,. (20)
According to expression (20),

N N,

—+—==1. 21

A (1)
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Transforming (19) taking into account (20) and (21), we
obtain

C d;
N, = CHEN,
2™

In this case, formula (20), taking into account (22), will

have the form
C di

2™

(22)

The collision probabilities are numerically presented as
the ratio of the number of particles of the considered type of
material to the total number of particles of the mixture of ma-
terials

Rt

N (24)
p=2

N

In this case, taking into account (21—23), expression (24)
will have the form
Cd
3
Pl — CZ 3d1
Gd +1
C,d}
1
P
G d +1
G, d

; (25)

(26)

After converting, we get

C
R=—; @7)

3°
1 Cz(ilj
2

p=— (28)

3
:2 :l[,]
1

Thus, taking into account (25—28), the loss factor can be
calculated by the formula

C

4.17 p1-713-k2d12+ -l
CI+C2[dl
d,
&= - +
(29)
C
p2-723-k2d22 -l
C2+Cl(d2]
dl
+4.17
h3

Fig. 2 shows the dependence calculated by formula (29) for
the following values of the variables: C;, = 0.85; C,=0.15; p, =
=5.8t/m% p,=3.3t/m% k=13;d, = 11l mm; d, =8 mm.

From the analysis of the course of the dependence in Fig. 2
it follows that an increase in the flow depth within 0.4—0.5 me-
ters leads to a decrease in the loss factor from 0.45 to 0.2. This
pattern is explained by great influence of the interaction of
particles of the flow of granular material along the depth of the
flow. In this regard, in the case of applying the Bernoulli equa-
tion to the description of the movement of the flow of bulk
cargo in the paths of the loading devices, the degree of filling
the guide elements with the charge is of paramount impor-
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Fig. 2. Dependence of the coefficient of local losses of mechani-
cal energy of the flow for a mixture of charge materials on
the depth of the flow

tance. That is, at the same instantaneous material consump-
tion, the ratio of the average flow velocity and its geometry can
have values that vary over a wide range. Among other things,
the ratio of the concentrations of the components of the charge
will largely affect the coefficient of internal losses of mechani-
cal energy. Therefore, when the content of the components of
the mixture of charge materials changes, all other things being
equal, the dynamics of the flow and, consequently, the con-
sumption will be different. With allowance for this, in order to
ensure the specified gas dynamics of the blast furnace top
zone, which depends on the flow paths, the loading system
must necessarily introduce corrective actions on the control
mechanisms when the content of one or another metallurgical
charge component changes for a two-component mixture of
charge materials at any size and concentration of its compo-
nents. On frequent occasions, when considering the move-
ment of charge materials along the elements of the loading
system, it is necessary to determine the Shezy coefficient C
(speed factor), which characterizes the loss of mechanical en-
ergy when the charge moves along troughs and chutes for a
mixture of charge materials during their free-dispersed move-
ment. Analyzing the known expressions for determining the
Chezy coefficient [8] for a mixture with regard to (29), we can
obtain the following dependence (30). To determine the spe-
cific values of the Shezy coefficient for a mixture of charge ma-
terials (for example, agglomerate and pellets), we use the ex-

pression
s
2% /6g7h
C= R

5\/(p1P1k2d12 +p,Pk?d})(0.84-0.03) '

(30)

Dependence (30) is shown in Fig. 3. It should be noted
that a change in the concentration of one or another compo-

03
0.25 //
0.2

0.1 //
0.05 ,/
"1

Shez coefficient , C

0 0.1 0.2 0.3 0.4 0.5
Material flow depth, m

Fig. 3. Dependence of the Shezy coefficient on the flow depth dur-
ing free-dispersed movement of the mixture of charge materi-
als along the elements of the charging devices of blast furnaces
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nent of the mixture of the granular flow significantly affects the
behavior of the material when moving along the paths of the
charging devices of blast furnaces. In this regard, when chang-
ing the charge conditions of smelting in a blast furnace, it is
imperative to carry out corrective measures to ensure the re-
quired parameters of gas dynamics of the blast furnace top
zone [9—12]. The synergy of innovative computational meth-
ods in combination with classical approaches [13, 14] allows
obtaining reliable computational schemes that are suitable for
production.

To determine the influence of the refined calculation of
the CLL of the mechanical energy of the flow of charge ma-
terials on the forecast for determining the instantaneous vol-
umetric consumption of charge materials when they are dis-
charged from the storage hopper of the bell-less charging
device of the blast furnace, the dependences shown in Fig. 4
are plotted. The dotted line shows the dependence of the in-
stantaneous consumption of the mixture of charge materials
on the value (in percent) of opening the gate gate of the stor-
age hopper in the case of using the generally accepted method
for calculating the CLL. The solid line shows the dependence
of the instantaneous consumption of charge materials on the
value of the slide gate opening in the case of using the above
method for determining the CLL for the flow of a two-com-
ponent mixture of charge materials when loading into a blast
furnace.

In Fig. 4, dots show the average experimental values of the
consumption of charge materials, obtained by analyzing the
operation of blast furnace No. 9 ArcelorMittal Kryvyi Rih dur-
ing the day. To analyze the adequacy of the curves, the method
of least squares was applied in relation to graphical dependen-
cies and point experimental values. The standard deviation
with respect to the experimental data for the curve obtained on
the basis of the presented materials was 0.001833, which is
more than three and a half times higher than for the dashed
curve obtained using known techniques.

Thus, when using the developed technique, the accuracy
of predicting the instantaneous consumption of granular ma-
terials released from the storage hopper of the blast furnace
bell-less charging device is significantly increased. The tech-
nique can be applied to any equipment designed for dosing
and transporting granular materials.

Conclusions. It was found that the dependence of the local
loss factor (LF) of mechanical energy for the flow of granular
material on the depth of the material flow is quadratic, and an
increase in the flow depth within the range from 0.4 to 0.5 me-
ters leads to a change in the LF from 0.45 to 0.235. In this case,
the Shezy coefficient nonlinearly increases from 0.025 to 0.25
when the depth of the material flow changes from 0.025 to
0.5 m. In this regard, the calculation of the volumetric con-
sumption of charge materials in the regulating and guiding ele-
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devices, %
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Fig. 4. Theoretical and experimental relationships:

solid line — dependence according to the developed method; dotted
line — dependence according to the previously existing method;
points — experimental data

ments of the charging devices of blast furnaces is recommend-
ed to be carried out using the Bernoulli equation, and the
Shezy coefficient to be calculated according to the method
described in the work.
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KoediuieHT MicneBUX BTpaT MeXaHiuHOI
eHeprii NOTOKY AJil CyMillli IIMXTOBUX
MarepiaJiB

A. M. Cenezeii', B. I1. Ieawenko', B. I. [oaoeko',
P. B. Kipia?, JI. C. Kéacosa'

1 — HaitioHasibHa MeTaitypriiiHa akaneMist Ykpainu, m. J{Hi-
npo, YkpaiHa, email: selegey@ua.fm

2 — InctuTyt reorexHiuHoi mexaHiku imeHi H. C. [Tonsgko-
Ba HauionanbHoi Akanemii Hayk Ykpainu, m. JIHinpo,
Ykpaina

Meta. BcraHOBUTH 3aexXHICTh KoedillieHTa MicLIeBUX
BTpaT MEXaHiYHOI eHePrii MOTOKY ABOKOMIIOHEHTHOI CyMillli
LIKXTOBOTO MaTepiany Bifl HOro rNUOUHU, BMiCTY KOMITOHEH-
TiB, CEpPeIHbOIO €KBiBaJICHTHOIO JliaMeTpa YaCTUHOK Y pasi ix
BUTBHO-TMCTIEPCHOTO PYXY.

Mertoauka. BennuuHy KoedillieHTa MiclleBUX BTpar
MEXaHIYHOI eHeprii BU3HAYaIu 32 BEJIMYMHOIO TilpaBiiy-
HOTO0 OTIOPY PiIMHU NMPHU ii pyci y BIIKPUTUX KaHalax i Tpy-
0ax. Y poOOTi BUKOPUCTOBYBAJIU METOAU MOPiBHAIBHOTO
aHaJli3y, MaTeMaTUYHOTO MOJIEJIIOBAaHHS Ta MPOrHO3yBaH-
HST IMHAMIYHUX MIPOIIECiB y MOTOIIi IPaHyTbOBAHOTO MaTe-
piany.

Pesyabratn. 3a pesynbraTaMud TEOPETUYHMX JIOCTi-
IKeHb OTpUMMaHa MaTeMaTU4yHa MOIeNib, BUKOPUCTAHHS
SIKO1 J03BOJISIE OOUMCITIOBATU KOEeMilliEHT MiclleBUX BTpaT
MEXaHiuHOI eHepril IJ1g MOTOKY JBOKOMITOHEHTHOI CyMillli
IIMXTOBUX MaTepialiB i3 po3MipaMu YaCTMHOK arjoMepary
Bin 15 no 50 MM, okatuimiB Bim 6 1o 12 MM, Kokcy Bix 10 1o
60 mM. Po3pobGiieHa Momenb i3 3a00BUIBHOIO TOYHICTIO HO-
3BOJISIE OLIHUTU PYX LIMXTH i3 3a3HAYEHUX MaTepianaiB mo
TpaKTax 3aBaHTaXXyBaJbHUX MPUCTPOIB JOMEHHUX Teueil 3i
IIBUAKICTIO B Mexax Bia 1,5 no 20 M/c i BU3HauaTu Tpaek-
TOpii MOTOKY CyMIillli IIMUXTOBUX MaTepialiB Ha KOJIOIITHUKY
3 TouHicTiO 10 0,2 M. BigzHaueHo, 1110 po3paxyHOK 3a3Ha-
YeHOTo Bullle KoedillieHTa 3a BiIOMUMU METOAWKAMU He-
NMOCTaTHbO TOYHMM, IO MOB’I3aHO 3 HEBU3HAYEHICTIO BH-
0Opy €IMHOTO CEepPeNHbOTO €KBiBAJIEHTHOTO MiaMeTpa yac-
TUHOK JBOKOMIOHEHTHOI MMUXTU. [lOpiBHSIIBHUI aHami3
po3po06eHOT MO/l 3 BITOMUMU MOJEISIMU Ta €KCIepu-
MEHTAJIbBHUMU TaHUMH CBiTYUTH IPO Te, IO TOYHICTh 00-
YUCJIeHb AMHAMIYHUX TTapaMeTPiB TBOKOMITIOHEHTHOTO T0-
TOKY LIMXTOBUX MaTepiasliB Mo po3pobJieHiit Mojesi B mo-
PiBHSIHHI 3 po3paxyHKaMHU 3a paHille BiZOMUMU MOJEJISIMU
30ibIIyeThest Ha 5—10 % .

Haykosa HoBH3HA. YTiepiiie BCTAHOBJICHI 3aKOHOMipHOCTI
3MiHU KoedillieHTa BHYTPIllIHIX MEXaHiYHUX BTPAT TBOKOM-
MOHEHTHOTO MOTOKY IIMXTOBUX MaTepiasliB Bill ioro riamou-
HU, 3MiCTy KOMITOHEHTIB, CepeIHiX eKBIBAJICHTHUX JiaMeTPiB
YaCTUHOK IPH PYCi MO TPaKTax 3aBaHTaXyBaTbHUX IIPUCTPO-
1B TOMEHHUX Meyeid.

IIpakTyna 3HayumicTb. Po3po06ieHi MaTemMaTHuHi 3a-
JIESKHOCTI, 110 MOXYTb OYTH BUKOPUCTaHI TSI BUSHAYEHHS
TEXHOJIOTIUHMX ITapaMeTpiB 3aBaHTaXXEHHSI CydyacHOI J10-
MEHHOI MeyYi 3a pi3HUX XapaKTepUCTUK TpaHyIOMeTpii
IIMXTU Ta CIiBBiIHOIIEHHX 1i KOMITOHeHTIB. Lle mo3BO-
JINTH 30UIBIIUTU TOYHICTh TPOTHO3YBAHHS XOY PO3IJISIHY-
TOTO MPOLIECY, CTYIIiHb aBTOMAaTH3allil CUCTEM yIpaBIiHHS
TEXHOJIOTIYHUM IIPOIIECOM IMUXTOTIONAYN TOMEHHUX TIIe-
yeil, HamacTh MOXJIUBICTh OiTbII €(PeKTUBHO BUKOPUCTO-
BYBaTH OPOTi IIUXTOBI MaTepiaiiv, 3HU3UTH CITOKMUBAHHS
eHepropecypciB i WIKiIJIMBUI BIJIMB Ha HAaBKOJIMIIHE Ce-
pemoBHIIIE.

KutouoBi ciioBa: wuxma, domenna niu, 3a6aHmajicy8aibHuil
npucmpiit, enepeis, cymiut

Koa(ddunueHT MECTHBIX MOTEPh
MeXaHWYeCKOi HepruM MOTOKa AJiS CMeCH
HIMXTOBBIX MATEPHUAJIOB

A. H. Ceneceii', B. I1. Usawenxo', B. U. [oaoexo’,
P.B. Kupus?, JI. C. Keacosa'

1 - HanmoHaibHasi MeTaJuTyprudeckast akaaeMusi Y KpauHbl
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2 — UHcTuTyT reotexanyeckoit mexanuku nmenu H.C.Ilo-
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Ienb. YcTaHOBUTH 3aBUCUMOCTb KO2(h(MULIMEHTa MeCT-
HBIX TTOTepbh MEXaHWYECKOM 3HEPTrUU IOTOKA IBYXKOMIIO-
HEHTHOM CMECH IIMXTOBOTO MaTepuaja OT €ro IIyOuHbI, CO-
JIep>KaHUsI KOMIIOHEHTOB, CPETHETO SKBUBAJIEHTHOTO TaMe-
Tpa 4acTUII B CJIyyae MX CBOOOTHO-AUCIIEPCHOIO IBMKEHUSI.

Metoauka. BenmnunHy KoadduiineHTa MeCTHBIX TTOTEPh
MEeXaHWYECKON dHEPIMU ONPEAEISIN 110 BeJIUIMHE THIPaB-
JINYECKOTO COMPOTUBIICHMS JKUAKOCTU TIPU €€ ITBVKEHUU B
OTKPBITBIX KaHatax U Tpyoax. B pabote ncrnosibzoBajin MeTO-
IIbI CPaBHUTEILHOTO aHAIM3a, MaTeMaTUIeCKOT0 MOJIETUPO-
BaHMS ¥ TIPOTHO3UPOBAHUSI JMHAMUYECKUX ITPOIIECCOB B IO~
TOKE IpaHyJIMPOBAaHHOTO MaTepuaa.

Pesyabratel. [1o pesyibTatamMm TeOpeTUYECKUX MCCIEI0-
BaHUIi TOJTyYeHa MaTeMaThyecKass Moje/b, NCIOJb30BaHNe
KOTOPO¥ ITO3BOJISIET BEIMUCIISITh KOAMMUIIMEHT MECTHBIX T10-
Tepb MEXaHUYECKON SHEPTUU TSI TTIOTOKA TBYXKOMITOHEHT-
HOW CMeCHM IIMXTOBBIX MaTepuajoB C pa3MepamMu YacTHIL
arsiomepara ot 15 1o 50 MM, okarsbIliei ot 6 10 12 MM, Kokca
ot 10 10 60 MM. PazpaGoTaHHast MOJIE/b C YIOBJIETBOPUTEb-
HOI TOYHOCTBIO TTO3BOJISIET OLICHUTb IBMXKEHUE IIHUXTHI U3
yKa3aHHBIX MaTEPHUAJIOB TI0 TPAKTaM 3arpy309HBIX YCTPOUCTB
JIOMEHHBIX TTeYeil CO CKOPOCThIO B Mpeaeax ot 1,5 no 20 m/c
U OTIPE/IeTISITh TPAEKTOPUY TTOTOKA CMECH IIIMXTOBBIX MaTe-
pHaioB Ha KOJIOLIHUKE ¢ TOYHOCTBIO 10 0,2 M. OTMeueHo,
YTO pacy€T yKa3aHHOTO BbIIIe Kod(hdUIIMEHTa M0 M3BECT-
HBIM METOIMKAM HEIOCTaTOYHO TOYEH, YTO CBSI3aHO C HEO-
MpeIe/ICHHOCThIO BhIOOpA €IMHOTO CPEIHEr0 3KBUBAJICHT-
HOTO AMaMeTpa YacTHUIl ABYXKOMIOHEHTHOM 1mMXThl. CpaB-
HUTEJIbHBIN aHaJIN3 pa3pabOTaHHOW MOAEN ¢ U3BCCTHBIMU
MOJEISIMU U IKCIIEPUMEHTAIbHBIMU JAaHHBIMU CBUIETEb-
CTBYET O TOM, YTO TOUHOCTb BBIYMCICHUI TMHAMWYECKUX Ta-
pPaMeTpOB IBYXKOMIIOHEHTHOTO MTOTOKA IIMXTOBBIX MaTepua-
JIOB TI0 Pa3pabOTaHHOM MOJIENIM 10 CPAaBHEHUIO ¢ pacyeTaMK
I10 paHee U3BECTHBIM MOE/ISIM yBenyuBaeTcs Ha 5—10 %.

Hayunasa HoBusHa. BriepBbie yCTaHOBJICHBI 3aKOHOMEP-
HOCTHU M3MEHEeHUsI KoadhdUIlIMeHTa BHYTPEHHUX MeXaHuJe-
CKHUX MOTEPh IBYXKOMITOHEHTHOTO TTOTOKA IITUXTOBBIX MaTe-
pUaJIOB OT €ro IIyOMHBI, COAePKaHUsI KOMIIOHEHTOB, Cpe/l-
HUX 5KBUBAJCHTHBIX TMAMETPOB YaCTUII ITPU ABUKCHUM T10
TpaKTaM 3arpy304HbIX YCTPOUCTB TOMEHHBIX MeYeit.

IIpakTyeckas 3HaumMocTh. Pa3zpaboTaHbl MatemaTuye-
CKH€ 3aBUCUMOCTU, KOTOPbIE MOTYT ObITh UCIOJb30BaHbI 17151
oIpeneIeHUs] TEXHOJIOTMUECKUX IMapaMeTpOB 3arpy3Ku CO-
BPEMEHHOI TOMEHHOM ey MpU pa3InyHbIX XapaKTepUCTHU-
KaxX rpaHyJIOMETPUU IITMXThI 1 COOTHOIIIEHUSX €€ KOMITOHEH-
TOB. DTO MO3BOJIMT YBEIUYUTh TOYHOCTH TPOTHO3UPOBAHMS
X0/a paccMaTpUBaeMOTO TIpoliecca, CTeIIeHb aBTOMAaTHU3alln
CHCTEM YIIPaBJICHUS] TEXHOJIOTMYECKUM IPOLIECCOM IHUXTO-
IoAauM TOMEHHBIX ITeueii, 1acT BO3MOXHOCTh 0oJiee a3 dek-
THBHO HCITOJIH30BaTh JOPOTOCTOSIINE IITMXTOBBIE MaTepHra-
JIBI, CHU3UTB MOTPEOICHNE SHEPTOPECYPCOB U BpEIHOE BO3-
NEUCTBUST Ha OKPYXKAIOIIYIO CPEy.

KioueBble cioBa: wiuxma, domeHHas heuvb, 3aepy304HoOe
yempoticmeo, 3Hepeust, cmech
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