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Introduction

An important component of Global Goals for Sustainable Development is a
goal associated with industry and innovation. Minerals are raw materials essen-
tial for modern society. The mining and quarrying industry is very important to
industrial, social, and technological progress.

One of the basic characteristics determining significance of raw materials for
metallurgical enterprises is their permanent high recovered grade in the fed ore
concentrate. It can be provided only when all processes of ore processing from
mining to concentration and sintering are subject to continuous efficient control
[1-4].

Automated control systems (ACS) of processes are widely used in mining
and metallurgy. At magnetic and concentrating plants, their efficiency depends
greatly on the choice of controlling algorithms and the capacity of systems to
provide IT support them [5-7].

Thus, increasing efficiency of automated control over iron ore magnetic con-
centration is a research problem which is essential for Ukraine’s economy. Its
solution allows improving the end product quality and reducing energy consump-
tion at current mining enterprises’ operating capacity [8—11].

Problem statement

The research is aimed at developing a system of adaptive control of magnetic
separation of iron ores to reduce the period of searching for the extremum of ob-
jects dynamic characteristics under disturbances and noises in controlled signals.

Review of the literature

In [12; 13] and others, iron ore concentration controlled through improving
operation of magnetic separators of iron ores of primary concentration is substan-
tiated. The choice of the control structure, application of some criteria in creating
systems of automated optimization are determined by their software and algorith-
mic support, i.e. the possibility to receive online data on current parameters of
concentration and their efficient application to controlling impacts.
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Magnetic separators of iron ores are basic concentrat-
ing machines in a technological line of iron ore magnetic
and concentrating plants. In [12—-16], a magnetic separa-
tor is regarded as a controlled object with a single input
(feed) and two outputs (tailings and concentrate). Fig. 1
shows basic parameters determining magnetic separation.
It includes controlled variables: (the magnetic iron con-
tent in the middling product (8, ), the middling product
yield (y, ); disturbing impacts (the magnetic iron content
in the fed product (the magnetic separator feed) (o) and
the recovered grade (); controlling impacts (the classi-
fier drain density (p_), the auxiliary water consumption
in the separator bath (Q , ), the magnetic field strength of
the separator (H,), the rotation rate of the separator drum
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Fig. 1. Basic parameters of magnetic separation
Puc. 1. Ocnoguvie napamempsl npoyecca MazHUmMHoU cenapayuu

As shown in [12; 17-18], the magnetic iron content o
and the degree of mineral release in the classifier drain y
are basic disturbing impacts in magnetic separation. The
slurry density changed in case of classifier drain causes
changes in the granularmetric composition of the solid
phase slurry, thus altering ratios between its strongly-, fee-
bly- and non-magnetic fractions. The p_ increased reduces
the yield of released ore grains while that of strongly-mag-
netic fraction y, increases because of the increased yield
of strongly-magnetic aggregates. The strongly-magnetic
fraction yield is proportional to the magnetic iron content
o, in the fed ore. The reduced density of the classifier drain
makes the strongly-magnetic fraction yield be close to the
output equal to a (the magnetic iron content).

In [18], there are suggested simple expressions de-
termining the yield of strongly-magnetic fraction y, , the
yield of released ore grains v, and strongly-magnetic ore

aggregates Ve

v, =0+K -d-(0,7-a); (1)
ym:oc—K3-67-(0,7—oc); )
YW:(K1+K3)-67-(O,7—(X), 3)

where d =K,(p. —p,) is the average size of solid par-
ticles in the slurry; K, and K, are coefficients depending
on the size of ore impregnations; K is the coefficient de-
pending on physical and mechanical properties of the fed
ore and grinding modes.
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The changed textural and structural characteristics
of the fed ore change coefficients K, K, and K, caus-
ing changes in the quality of separation products. Thus,
coefficients K, K, and K, determine the value of basic
disturbing impacts in relation to magnetic separation. A.
N. Mariuta received the ratio equation of the solid slurry
density of the classifier drain p ;and the iron content a:

PuPrc 14

R@—a(ﬂﬂ}—ﬂx)_5_2,2a, (4)

o, =

where p’ is pure magnetite density; p, is quarts density.

A detailed analysis and systematized criteria of im-
proving mineral concentration including technological,
thermodynamic, kinetic, static, technical-economic, eco-
nomic ones, etc were proposed in [19]. It is indicated
that technological criteria mathematically expressed as
a combination of basic concentration parameters are no-
table for their efficiency, simplicity and visualization.

Analysis of technological criteria results in the Han-
cock criterion substantiated by Luiken, Birbauer, Din,
Chechott, Verkhovskyi [19] and others.

This criterion can be expressed as follows

v(B-a)

~ )
o
{5}

where 7 is the concentrate yield; o is the recovered grade
in the feed product; f is the recovered grade in the con-
centrate; f3, is theoretically maximum recovered grade.

The popularity of this criterion is explained not only
by its physical and geometrical interpretation, but also
by the fact that it is simple, universal, contains all basic
parameters (Y, f, o) and is statistically efficient [19].

A.N. Mariuta indicates that it is reasonable to apply
this criterion to evaluation of the magnetic separator ef-
ficiency [18]. Formula (5) reveals that maximum values
of E for various values of a can be achieved only when
there is a certain ratio between y and (B-ov). The classifier
drain increased makes the concentrate yield y greater and
reduces the difference B-o.. The reduced drain density
produces the reverse effect.

In [18], Mariuta suggests a complex criterion of ef-
ficiency £, which partially reflects the course of the pro-
cess from both the technological and the economic view-
points

J=

J, =P+k,y — max, (6)

where k, is the coefficient characterizing weight ratios
between variables § and y

The coefficient k, indicates how the Fe content can be
reduced in the concentrate to increase its yield and vice
versa. The values of k, depend on o and other properties
of the fed ore. Formulae (5) and (6) allow controlling
magnetic separation in the most efficient way.

Materials and methods

The mentioned above allows us to conclude that the

classifier drain density is the basic controlling impact in
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the “classifier-magnetic separator” system. Operation
of the magnetic separator can be assessed on the basis
of the data on the recovered grade (Fe) in its products
or the solid slurry density considering (4). The model
of magnetic separation should consider changed textual
and structural characteristics of processed ores, grinding
modes and equipment conditions. Overall quality indices
of concentration are determined by the ore quantity fed
to the mill.

The material-balance equation for the magnetic sepa-
rator looks like [19; 20]

am _ i v -y 7
=M —(M-M,) (7)
or considering thatM, =B0,, M, =90,, M =00 ,
r & -a0-po-90,, (®)

where M, M M 0O, Q,, O indicate weight and volume
consumption of the fed material, concentrator and tail-
ings; V'is the volume of the working area of the magnetic
separator; m is the iron quantity in the slurry in the work-
ing area of the separator.

Considering the fact that under the current mode, the
Fe content in the working area of the separator is equal to
that in the concentrator we obtain

_B_K”
W(P)—a—m 5 (9)

lished Fe content in the concentrator at the separator out-
put.

Synthesize and study models of technological aggre-
gates and a concentration line as a whole were presented
in [14; 15; 18; 20]. For instance, [20] provides a system
of equations combining characteristics of the output
product of the classifier with parameters of the middling
product and tailings of the magnetic separator.

do
5—-+8=0,53,(1-2); (10)
B'=—0,695C +0,893(, +0,712; (11)
9%<C(, <32%, (12)

B a_qp/y
B rp=pi-2),

where {, is the slurry density at the classifier drain; B
and { indicate the Fe content in the middling product and
tailings.

As is shown, the magnetic separator represents a se-
quence of two links — non-linear static and output linear
ones. To consider dynamic properties of the input part of the
magnetic separator, the given model should be supplement-
ed with input dynamic links along each control channel.

Taking into account the the fed material Q balance
equation, the concentrate C and tailings 7 for the mag-
netic separator it can be written as follows [19; 21]
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Fig. 2. The structural scheme of the magnetic separator model
Puc. 2. Cmpyxmyphas cxema mMooenu MazHUmMHo20 cenapamopa

Qo.=CB+(0-C)9; (13)
Qo=(0-T)B+T9, (14)

where Q, C, T indicate the mass of the feed material, con-
centrate and tailings; o, 3, O are the Fe content in the
feed material, concentrate and tailings.

Then the concentrate yield is determined by the ex-

pression

_ ERTYY
= B 100% . (15)

-100=

QO

Tk
Thus, (5) results in
vp-0) _ (o-0)(p-0)

oc(l—ﬁ“) of 1--% |(p-0)

T B

E=

(16)

It follows from (16) that the Hancock criterion can be
calculated either on the basis of measurements of the Fe
content in the feed material, concentrate and tailings or
measurements of the feed material and concentrate mass
and the Fe content in these products. In the latter case,
the values of QO and C can be measured by one of the
known methods, e.g. the ultrasonic one.

In this case, the object equation looks like

x=J(PB+f, ) y=x+x, (17)
where f{¢) is the external disturbance applied to the ob-
ject input with the controlling parameter; k() is the dis-
turbance accompanying the measurement of the object x
output; y(¢) is the measured variable (the result of the x
measurement).

Functions f{z) and x(f) are random processes with
unknown laws of distribution. Yet, it is known that they
have zero mathematical expectation and limited disper-
sion. One should find the algorithm of searching for the
extremum under which the mathematical expectation of
the output M{J(B+f), a)+k} reaches the minimum value
[22-27].

To simplify the solution of the problem, let us con-
sider /=0 and then the equation (17) will look like

x=Jf, a)y=x+«k (18)
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According to the stochastic approximation method,
every measured condition of an object should be used to
measure the controlling impact so that the condition is
observed at the limit [32]

M{J(B, a)tk} = min. (19)

Let us measure the controlling impact according to
the algorithm

Blk+1)r]=pckr)-

a, J'(B(kT)+ABk, (x)—

2AB, L}’ (B(KT )-AB,, ) } (20)
k=0,1,2,...

Here, the measurement results are used

J (BOKT )+ AB,, o) = J (BT )+ AB,, o) +x(”; (21
J (B(KT )= B, o) = J (B(KT )~ AB,, o) + (>, (22)

where !, k(* are random values realizing measure-
ment disturbances in the interval [(k-1)7, k7], while
KZU # Kf) as they are measured at different time periods
within the given interval. It should be noted that unlike
(20), the value AP, of testing steps is not constant and
measured with k=0, 1,2, ....

The stochastic approximation method allows finding
parameters of the working and testing steps b,, A, (k =
0, 1, 2, ...), under which the algorithm (20) provides the
extremum J ' (fulfillment of condition (19) under distur-
bances. They are known to have zero mathematical ex-
pectation and limited dispersion.

Let us determine parameters of the working and test-
ing steps. To achieve the search algorithm convergence
(20) the parameters of the working and testing steps
should satisfy the condition

lima, =0,k=0,1,2,..; Y a, =c; (23)
k=1

k—>o0

ZLB} =

The given conditions are observed if
a, =1/k"; AP, =1/k";
200-pw)>1,
where 0 < p<1; u>0.

24)

Considering (21) and (22), let us write down the algo-
rithm (20) as follows

B(k+1)T] = B(kT )~ ——

J(B(kT)+ABk, oc)— N
28,

~J (B(KT ) - AB,, o)

a7 )=

(25)

=B(kT )-a,7, + zZE (K =K), k=0,12...

k
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As the testing steps are quite small (f,=r,,) and con-
sidering M{ x{"” } = 0, i=1, 2, we calculate the mathemati-
cal expectation of the k-th step efficiency:

M{Vk}:M{B[(kH)T]:B*}:
B(kT )P

, (26)

=l-a, —k
B(kT )-B
Proceeding to the condition (24), we calculate the

mathematical expectation and dispersion of the working
step A B(kT ). It is evident that

M{APB(kT)}z_a_k[J(B(kTHABk,Oc)_].

20B, | ~J (BT )~ AB,. @)

_ S R DLV RREY) 2=
M{A BT )= M{A B(KT )}} A[{zABk(Kk K/ )}

2
a
=m${ﬁ+@J,k=QLzm.
k

where o) (i=1, 2) — are dispersions of random values
V2

koo N

It is evident that the sum of dispersions of the arbi-

trary large number of working steps taken during the
search should be limited

oo 2 - 2
a; |: 2 2 ] 2 a;
o, +0 <O < o
ZzABi k 2k ZA 2 2

k=1 k=1 k

27
where o* = max[ci +G§k]/4 <oo,

Hence follows a condition (24) indicating that the val-
ue of the testing step AP, should go to zero more slowly
than a,, as otherwise dispersion values of the working
steps will become intolerably large according to (27).

Let us consider the search for the extremum of multi-

parameter objects under disturbances
x=J(B, B, a,a,);  y=x+k (28)

In this case, adaptation algorithms will be written as:

B, [(k+1)T]=B,(kT)-
__ﬁLlJ(ﬁMT)+AmJ%MT)apaﬁ—} 29)
208, | =J (B,(KT )= AB,, B, (KT ), o1y, 00,) |
k=0,1,2,..;
B, [(k+1)T|=B,(kT )~

a, |J (B(KT), By(kT)+AB,, oy, 0ty ) —
_ELJ’ (B.(KT ), B,(KT )= AB,, o, 01,)
k=0,1,2, ...,

where the measurement results are

}, (30)
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J (B/(KT)+AB,, B,(KT), 0, at,)=
= J(B](kT)“'ABk’ Bz(kT)r oy, a2)+K2U ’

J’(Bl(kT)_ABkrﬁz(kT)’ OCI,OCZ): .
=J (B,(KT )= OB, B, (kT ), o1, 00 )+ k>

J(Bi(KT), By (kT )+ 0B, 0, 00,)=
= J (B,(KT ), B, (KT )+ AB,, oy, 0, )+

J(Bl(kT): Bz(kT)_ABk, o, OLZ)=
=J(Bl(kT), B,(kT )-AB,, a,, c, )+KW

where A is a testing step taken as the same for both
controlling impacts; «!, i=1, 2, 3, 4, indicate realization
of the random process x(¢) with four measurements of the
object output at the interval [(k—1)T7, kT).

For determining the search convergence, parameters
of the working and testing steps should satisfy conditions
(23) and (24) for a single-parameter object as well. The

condition (24) looks like
Now o 2

>

k
2
o AR
and indicates that the increased k should make the testing
step greater and exceed the working step parameter. It
should be noted that the stochastic approximation meth-
od suggests that

, 31)

lim AB, =0. (32)

Besides, the method imposes an auxiliary condition
on the function J as in the area of its extremum an in-
equality should be observed

(B - ) +(B, - Bz) (33)

P, 9B, .
and the rate of increase of J should not exceed that of the
square parabola when leaving the target.

To optimize the system dynamic characteristics deter-
mined by the initial linear part of the controlled object, a
method determining the constant value of z(e0) of the ini-
tial signal z of the object, i.e. the object’s initial signal on
the basis of the initial part of the transfer process caused
by the changed input signal at the step Ay is applied. The
value z(e0) can be calculated for a small time period and
the time lag Az between steps can be insignificant, which
reduces the search time of the extremum greatly.

With complete compensation of dynamics and time
delays in the object, the search for the extremum would
be based on the object’s static characteristics. In this
case, the actuator’s reversion is determined by the fol-
lowing inequality

f(x,)-f(x,.)+8<0, (34)

where J is the optimizer’s insensibility area.
The change of the object’s output signal as a result of
the n-th step of the actuator is determined by

T.10. Ne4(38), 2018 T.
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Az, = f(x,)A-f(x,,)C~z,B;

A=1-q,, B=1-¢q,, C=¢,—q,,
At Y

9, =¢€ " ; Q2=3Tl'

For f(x ) and f(x ) recurrent formulae look like

f(xn){Azn - f(xnl)C+(zo +n§iAz,.)B}A";

i=1

n=2 : (35)
f()cn_l ) = {Azn_1 —f(xn_2)C+(z0 +ZAZ[ JB:‘Al
i=1
According to the mentioned results, the control is
formed in compliance with this expression

U=(Az, Az, ,q,) 4" [ Az, (1)~ Az, (1) Jg 4. (36)

Thus, to calculate the operator U, two recent changes
of the object’s output coordinate are measured in the time
period A ¢ between the actuator’s steps Az and Az ,a
well as two recent changes of the output z durlng the pure
time delay 7 read from the actuator’s step moment.

Experiments

Fig. 3 presents an experimental dependency between
the Fe content increment in the concentrate of the pri-
mary magnetic separators and the classifier drain density,
while Fig. 4 depicts dependency of the concentrate yield
on this parameter.

The given dependencies were obtained at the concen-
tration plant of the PJSC “ArcelorMittal Kryvyi Rih”.
The research suggested that with formed constant levels
of the section capacity and the identical initial raw mate-
rials, the classifier drain density and the size of the mate-
rial fed for the primary separation changed. Changes in
the Fe content of the middling product and tailings were
traced as well as the yield of these products. Besides, the
influence of the changed capacity of the feed ore section
on the magnetic separator operation characteristics was
determined when the classifier drain density was main-
tained at a given level by changing the auxiliary water
fed to its bath. Fluctuations of the magnetic iron content
in the feed ore were insignificant and as a result of ob-
tained data, while calculating the weight-average content
for each density, they were in the limits of an admissible
error. During the whole set of experiments, feed density,
strength and working parameters of the separators re-
mained constant.

Fig. 5 shows experimental dependencies of the Fe
content in the middling product of primary concentra-
tion. Fig. 6 depicts dependencies of the middling product
yield of primary concentration on the initial feed at the
following formed levels of the classifier drain slurry den-
sity: 1 — 1700 g/1; 2 — 1800 g/1; 3 — 1900 g/1; 4 — 2000 g/1;
5-2100 g/1; 6 — 2200 g/1.

The dependencies in Fig. 3 and 4 reveal that the in-

549



YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

AB %t

granulometric composition of the

30

magnetic separator feed.
Results

25—

With the improved search, test-

ing and working disturbances within

controls u, and u, are formed so that

corresponding transients should at-
tenuate in a minimum of time in the

object’s input linear parts. All nec-

essary limitations as to controls u,

u, and phase coordinates x, x, are

observed. At the same time formed

10

disturbances are used to change in-
crements of the value z to indentify

27

1700 1750 1800 1850 150y 1950 2000 2050

?1% FY
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2100
Fig. 3. Experimental dependencies between the Fe content increment in the concen-
trate of the primary magnetic separators and the classifier drain density, the capac-
ity of the initial feed section of 230 t/h: 1 — B—oi; 2 — B-o1,,
Puc. 3. DxcnepumenmanvHas 3a8UCUMOCTL MEXCOY NPUPAUeHUeM COOEPIHCAHUS dcene3d 6 000-
2AUeHHOM NPOOYKIME MASHUMHBIX Cenapamopos I cmaouu u nIomHOCMbIO CIUSA KAACCUDUKA-
mopa, npouseo0UmenbHOCHb ceKyuu ho ucxoonomy numanuio 230 m/vac: 1 —B-o; 2 —B-o,

2150 2300 static characteristics of the object’s
non-linear part for each control
channel.

Fig. 7 provides a model of the
developed system of adaptive con-
trol of iron ore magnetic separation,
which is synthesized in the sub-

system Simulink 4 of Matlab 6.01

5%

[28-31].

The static characteristics of the

38

non-linear controlled object is set
in block Fcn4 as function f{u).

57 I

Inertial properties of the non-

5

linear controlled object are simu-

lated by means of transfer function

54 /

blocks (aperiodic links) Transfer
Fcn2 and Transfer Fen3. To form

53 ,./

transport delay for the object’s

input and output, blocks of fixed

L—""_ L
55 b—"]
o

31

signal delay (Transport Delay) are
used. Input dynamic links are unit-

o5

1700 1750 1800 1850 19400 19500 2000 2050

Fig. 4. Dependencies between the classifier drain density and the concentrate yield
The capacity of the initial feed section: 1 —230 t/h; 2 — 205 t/h
Puc. 4. 3asucumocmuv mencoy nIOMHOCMBIO CIUBA KAACCUDUKAOPA U 8bIXOOOM 0602auyeH-
HO20 npobykma, }’lpOu3600Mm€/le0Cmb cekyuu no MCXO&HOM_)/ numanuro.

1-230m/u; 2 —205 m/u

creased classifier drain density increases the middling
product yield, while the Fe increment in the middling
product reduces. Thus, controlling the classifier drain
density, one can achieve an optimal ratio between quan-
tity and quality of the primary middling product.

Analysis of dependencies in Fig. 3 and 4 shows that
although their overall view remains the same for differ-
ent levels of the classifier drain density, the impact of
the feed ore section capacity on operation of the mag-
netic separator is notable for significant ambiguity and
depends on particular maintained density.

The increased classifier drain density and the ore
section capacity increase this ambiguity caused by the
classifier’s unstable mode under conditions changing the

550

2100 2150 220d)

ed into the block Subsystem, the
output ones — into the block Sub-
system 1. As in real control sys-
tems there are some disturbances,
the model includes blocks imitat-
ing them: Dead Zone, Backlash u
Band-Limited White Noise.

Functions of the extreme regulator are simulated by
means of signum-reley Signl. The object’s static char-
acteristics are pre-computed in the block Subsystem 5
(Fig. 7). The control adaptation algorithm is realized in
the block Subsystem 2. Parameters of separate elements
of the ACS are optimized by means of the block Nonlin-
ear Control Design (NCD).

Fig. 8 provides the flowchart of the system of adap-
tive control over magnetic separation on the basis of ul-
trasonic control in the Hancock criterion variant.

The system of adaptive control over magnetic separa-
tion functions according to the above mentioned algo-
rithm.

The behavior of the ASAC (Automated System of
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changes of the object’s static and

60

dynamic characteristics, the best
parameters of the search, the tra-

58

jectory of which does not change,

56

are achieved if these characteris-

tics change within  25% thus fully

meeting the technological require-

— — ments.
48 B s RN S N\ . There are formulated condi-
#/ = - g e

1 4 — = s T tions and specified regularities of
» 3 7 6 the search for the objective function
extremum in the discrete system

42 0 ,,,,;/ of automated optimization of iron

L ¥y . . .

40 > ore magnetic separation. It is deter-
200 05 210 215 0 225 230 2315 40 mined that with Changing physical_

Fig. 5. Experimental dependencies of the Fe content in the middling product of
primary concentration on the capacity of the initial feed section, the classifier drain
density: 1 — 1700 g/l; 2— 1800 g/l; 3 — 1900 g/l; 4— 2000 g/l;

52100 g/l; 62200 g/l

Puc. 5. Dxcnepumenmanvhole 3a6UCUMOCTIU COOEPICAHUSL HCELe3d 68 NPOMAPOOYKMe
I cmaouu obozawenusi om npouse0OUMENbHOCMU CeKYULU NO UCXOOHOMY NUMAHUIO.
ITnomnocmo nynvnvl Ha ciuge kiaccugpukamopa: 1 — 1700 &/n; 2 — 1800 o/n; 3 — 1900 2/,

4—-20002/n; 5-21002/n; 6 —2200 2/n

mechanical and chemical-mineral-
ogical characteristics of processed
ores, the minimum search period
can be provided if the controlling
impact is formed on the basis of
differences of not less than two si-
multaneously changed values of the
controlled object’s input coordinate
between the actuator’s steps dur-

7.% 4 | . !
50 ing the pure time delay. The latter is
” determined considering the current

= e position of the controlled coordi-

% H—1 - = nate regarding the extremum point
4 — - -~ 7 ' in the form of piecewise constant
52 E e = i — = functions with limited values of ac-
<0 et | ceptable controls, the parameters of
i I e which are conditioned by the ob-
1 ject’s input dynamic characteristics.

a6 There are determined regularities
44 of forming the extreme control over
42 inertial objects with time delays and
0 & '_irmh ¥ changing static and dynamic charac-
002 2046 209 2134 2078 222 266 11 2354 298 2442 teristics ensuring the minimum time

Fig. 6. Dependencies of the middling product yield of primary concentration on
the initial feed section capacity, the classifier drain density: 1 — 1700 g/l;
2-1800g/l; 3—1900¢g/l; 4—2000g/l; 5—-2100g/l; 6 —2200 g/l
Puc. 6. 3asucumocmu vixooa npomnpooykma I cmaouu obozaujenus om npouzeoou-

menbHOCImU CeKYUU NO UCXOOHOMY RUMANUIO, NJIOMHOCMb NYIbNbL HA CIUGE KAACCUPUKAMO-
pa: 1-1700 2/n; 2— 1800 o/n; 3 — 1900 o/n; 4 —2000 &/n; 5— 2100 2/n; 6 — 2200 o/n

Adaptive Control) with changed static and dynamic char-
acteristics of the object, parameters of disturbing impacts
and noises are studied. Fig. 9 shows results of the search
for the objective function extremum in the adaptive sys-
tem of extreme control with noises in the controlled signal.
Discussion

Conducted investigations indicate that the period of
searching for the extremum in the ASAC is stable if the
static characteristic drifts within £50% of the rated value,
the dynamic link parameters change within +70% and
noise power from 0 to 0.12. In case of arbitrary and short

T.10. Ne4(38), 2018 T.

of transients in the system of control
over magnetic separation based on
measured values of the controlled
coordinate at intervals between the
actuator’s steps formed according
to the object’s current static and
dynamic characteristics, which are
determined under intensive disturbances in the form of
unclear sets, the membership of which is set by ratio
predicates.

There are determined conditions and parameters of
the stable search for the extremum in the system of auto-
mated control over iron ore magnetic separation, which
realizes suggested search principles under intensive dis-
turbing impacts on the object in controlled signals.

Conclusions

The developed adaptive system controlling magnetic

separation allows reducing time of searching for the ob-
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Fig. 7. The flowchart of the model of the system of the adaptive control over iron ore magnetic separation
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Fig. 8. The flowchart of the system of adaptive control over magnetic separation: 1 —mill; 2 — classifier;, 3 — magnetic
separator,; 4 — feeder-conveyor; 5 — bin; 6 — actuating motor; 7 — controlled valve of water consumption; 8, 10 — Fe-content
sensors; 9, 11 — flowmeters, 12 — input signal former, 13 — optimizer, 14 — controlling impact former; 15 — system controlling
water feed into the mill; 16 — system controlling water consumption in the classifier

Puc. 8. bnox-cxema adanmugnoli cucmembvl ynpagieHus npoyeccom MacHumuou cenapayuu: 1 — menvnuya, 2 — knaccugpuxamop, 3 —
MazHumHwlll cenapamop; 4 — Konsetiep-numamens, 5 — 6yHKep, 6 — npUSOOHOU 0guzamens, 7 — pe2yiupyemblil KIanan pacxooda 600bl 8 K1ac-
cugpuxamop; 8, 10 — damuuxu cooepoicanus sncenesa; 9, 11 — pacxooomeput, 12 — hopmuposamens 6xo0Ho2o cuenana, 13 — onmumuzamop;
14 — opmuposamens ynpasnsiowux ozoeticmauil; 15 — cucmema ynpagienusi nooayeti pyosi 8 menvHuyy; 16 — cucmema ynpagnenus pac-
X000M 800bL 8 KAcCCUPuUKamop
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jective control function, maintaining the optimal ratio
of the concentrate yield and the grade contained under
conditions of changing quality of initial ores and equip-
ment. There are determined conditions and the best pa-
rameters of searching for the extremum in the system of

adaptive control over iron ore magnetic separation under
disturbances and noises in controlled signals. They can
be achieved when deviations of the object’s static and
dynamic characteristics from rated ones do not exceed
1+25%.
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Ieab. B pamkax ycTOWYMBOM MHIyCTpUANM3aLUMU Iie-
b0 paboTHI SBISETCS CO3MAaHHWE TEOPETHUECKON Oaszbl u
pa3paboTKa aJanTHBHOW CHCTEMBI YIPABICHUS MPOLIECCOM
MarHATHOHM Cenapanuy XKeJIEe3HbIX pyl, MUHUMHU3HPYIOIECH
BpEMSI IIOMCKA SKCTPEMyMa XapaKTEPUCTHK IUHAMHUYIECKUX
00BEKTOB B YCIOBHUIX BO3AECHCTBHUS BO3MYILECHHUI W IOMEX B
KOHTPOJINPYEMBIX CUTHAJIAX.
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Metoapl. B cTtarbe Mconb30BaHBEI METOABI ONTHMAIb-
HOTO YIPAaBJICHHUS, METO CTOXaCTUIECKOH AIIPOKCHMAIIAN
JUTS TTOBBIIEHUS 3(p(PEKTHBHOCTH ONTUMAIBFHOTO YIIpaBie-
HUS, METOIBI YHCICHHOTO MOJIEIUPOBAHHS JJISI CHHTE3a U
aHaJIN3a MaTeMaTHIEeCKOM MOJIENN CUCTEMBI SKCTPEMAIIEHO-
TO yTpaBIeHHS, KOMIBIOTEPHbIE HH)OPMAIMOHHEIE U TIPO-
TpaMMHBIE TEXHOJOTHH U pealn3alidl pa3paboTaHHOTO
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AITOPUTMA TIOMCKA SKCTPEMyMa B BHJE IPOrPAMMHOIO 00e-
CIICUYCHMS.

Pe3yabrarel. B crathe npuBeneHa TeopeTHueckas 6aza
(hopMUpPOBaHUS YIIPABIAIONINX BO3ICHCTBHN B CHCTEME IKC-
TPEMAJILHOTO YNIPABIECHUS JTUHAMHYECKIMHI 00BEKTaMH, TI0-
3BOJIFOLIMX IPU HATUYHH BO3MYIIIEHUI K IOMEX B KOHTPOJIU-
PYeMOM CHTHaJ€ JAOCTUTHYTh SKCTPEMyMa XapaKTEePUCTHUKH
00BEKTa yIpaBiIeHNS 32 MUHIMAJILHOE BpeMsl. YCTaHOBJICHBI
3aKOHOMEPHOCTH ()OPMHPOBAHMS 3KCTPEMATIBHOTO YIIpaBiIe-
HUSI THEPIIMOHHBIMH OOBEKTaMHU C 3a/IEPXKKOW M M3MEHSIIO-
IIAMHCS CTAaTUYECKUMU W TUHAMHYECKHMH XapaKTepHCTH-
KaMH, 00eCIIeunBaoNINe MUHIMAIIEHOE BPEMST MTEPEXOIHBIX
MPOLIECCOB B CHCTEME YIPABICHUS MPOLECCOM MarHUTHOU
Celapaliy KeJIEe3HbIX pyA Ha 0a3e M3MEpEHHBIX 3HAYEHHH
peryaupyeMoll KOOpAMHATHI 4Yepe3 MPOMEXYTKH BPEMEHH
MEXKy IIaraMy MCHOJIHUTEIFHOTO MEXaHW3Ma, (opMHpye-
MBI€ B COOTBETCTBUU C TEKYIIMMU 3HAYEHUSMH CTATUYECKHUX
Y TMHAMHAYECKHX XapaKTEPUCTHK 00BEKTa, KOTOPBIE OTIpe/ie-
JSIFOTCS] B YCIIOBUSIX JICHCTBUSI MHTEHCHBHBIX BO3MYIICHUH.
PazpaboTana aganThBHAsI cCUCTEMa yNPABICHHS MPOLECCOM
MarHUTHOHM Cenapalyy KEJIE3HBIX PyX, MHHUMH3HAPYIOLMIEH
BpEMS MIOMCKA SKCTPEMyMa XapaKTePHCTHK AMHAMUYECKUX
0OBEKTOB B YCIIOBHSX BO3/ICHCTBUS BO3MYIICHUH U IIOMEX B
KOHTPOJINPYEMBIX CHTHAJIaX.

BoiBoabl. Pa3zpaborannasi aganThBHasI CHCTEMa YIpaB-
JICHH IPOLIECCOM MarHUTHOM Cenapalyy >KeJIe3HbIX Py Mo-
3BOJISIET MUHUMH3HPOBATh BPEMsI IIOMCKa IeTIeBOH (DYHKIHN
YIOpaBJIEHUs, MOANECPKUBAaTh ONTHMAIbHOE COOTHOLICHHE
MEXJy BBIXOJOM KOHILIEHTpPAaTa U COAECPXKAHUEM MOJE3HOTO
KOMIIOHEHTAa B HEM B YCJIOBHUSX M3MEHSIOIIErOCs KauecTBa
VCXOJHOH PYIBl U COCTOSIHHSI TEXHOJIOTHYECKOTO 000pymo-
BaHMsI. YCTaHOBIIEHBI YCIOBUS U BIEPBBIE OMPEAEICHO, YTO
HaWIy4lIie napaMeTphl TIOMCKa 9KCTPEMyMa B CUCTEME aB-
TOMAaTHYECKOTO YIPABJIECHUS IPOLIECCOM MAarHUTHOM Cema-
pauyy KeIe3HbIX Pyd, KOTOpas peanu3yeT MpelIOKEHHBIE
NPUHOUIBI TIOMCKA, NPH HAJIMYWM BO3MYIIECHHH M IIYMOB
B KOHTPOJIMPYEMBIX CHUTHAJIAX JOCTHTAIOTCSI B TOM CiIydae,
KOI7Ia OTKJIOHEHHE CTaTHYECKHX W JTUHAMHYECKHX XapaKTe-
PHUCTHK 00BEKTa YIPaBICHHS OT HOMUHAJILHOTO 3HAUYCHHUS HE
npessimaet £25%.

Knroueevie cnoga: ananTvBHAs CUCTEMa YIPaBIICHHUS,
MarHuTHasl cenapanusi, xeje3Hast pyJa, Iynblia, IMOUCK IKC-
TpeMyMa.
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