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Purpose of work is an improvement of the controlling efficiency for the processes of self-grind-
ing ores in drum mills by using adaptive settings for the perimeters of the control part of the system.

Methodology. For the self-grinding process, the degree of filling of the mill drum is a critical
technological variable, i.e. this parameter not only has a direct impact on the efficiency of the grinding
unit in terms of the newly formed finished product, but also determines the trouble-free operation of
the mill. It is known from the referenced literature that during the decay time of the autocorrelation
function for the processes of original ore’s main characteristics change is on the order of several hours
or more. At the same time, the inertia of the crushed aggregate is measured in tens of minutes. Under
such conditions, one should assume that quasi-stationarity and the rational use of the control system
for a wide scope of self-grinding take place.

Research results. Using the method of auxiliary operators, the law for setting the parameters of
the main circuit of the self-adjusting system was generated, and the block diagrams of the adaptive
control system for filling ore self-grinding mills were determined. The transient processes in the con-
trol system are calculated, which proves the expediency and effectiveness of the proposed approach.

Scientific novelty. A new approach is proposed using an adaptive control system to regulate the
degree of filling of autogenous ores mills, based on the use of the method of auxiliary operators.

Practical significance. While calculating the tuning processes in the control system for the filling
degree of the mill, it was found that even with a simultaneous abrupt change in the object’s parameters
Ko, T1,T2 to the maximum value, the adaptive system completes tuning the parameters of the control-
ler C1, C2, Cs for a time of about 230 + 270 minutes, which indicates the practical feasibility and
effectiveness of this approach to control the filling level of ore self-grinding mills.

Keywords: adaptive system, self-grinding ores, drum mill, self-tuning circuit, sensitivity function,
method of auxiliary operators, technological variable, control system, self-adjusting system.

Topic relevance. It is a well-known fact that the main part of all capital and op-
erating costs in the enrichment of ores falls on the grinding process. This fact indicates
that the control actions, applied to the grinding unit, to the greatest extent affect the
final economic performance of the enrichment production and, therefore, determine the
relevance of the tasks of optimizing the grinding control.

Problem formulation. For the self-grinding process, the degree of filling of the
mill drum is a critical technological variable, i.e. this parameter not only has a direct
impact on the efficiency of the grinding unit in terms of the newly formed finished
product [1], but also determines the trouble-free operation of the mill. At the same time,
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any change in the feed properties (fineness, physical and mechanical parameters) di-
rectly affects the rate of reduction in the size of the material in the grinding zone and
causes a change in the degree of filling of the autogenous grinding mill.

Problem setting. It is known from the referenced literature that during the decay
period of the autocorrelation function of the processes of changing the main character-
istics of the original ore supplied for grinding is on the order of several hours or more.
At the same time, the inertia of the grinding unit is measured in tens of minutes. Under
such conditions, it should be assumed that the conditions of quasi-stationarity are sat-
isfied, and it is advisable to use an adaptive control system for the degree of filling of
the autogenous grinding mill [2].

Problem investigation. Let us consider a local system for stabilizing the filling
of the mill at the set level ¢, by controlling the feed of the initial material (Fig. 1).

In this case, we will assume that the calculation of the value of ¢, is performed
by a system of a higher level of the hierarchy.
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Fig. 1. Functional diagram of the system for stabilizing the filling of the mill.

The self-grinding mill with a feeder as an object of control of the OC can be rep-
resented as an inertial link of the second order [3]. Then it is advisable to use the PID-
controller as the main loop controller and the structure of the main control loop will
correspond to Fig. 2a.

In the transfer function of the controller:

2
_ Kip+Ks+K K K _
Wegr (p) =Ky +Kap ™ +Kgp = = ; = ‘K2{K2 p2+K;p+1jp !

let us denote: Ks/K; = Cq; Ki/K; = Cy; Kz = Ca.
Then the transfer function of the open main control loop will have the form:
K0C3(C1 p2 + C2 p +1)
Winain (P) =Weontr (P)-Woc (P) = >
p(Tlp +Top +1)

: 1)

and the block diagram will correspond to Fig. 2b.
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Fig. 2. Structural diagrams of the main circuit of the control system

Under fulfilling the equalities C; = Ty; C, = T, the expression (1) takes simpler
form:

KnaC
Wmain ( p) 2%-

Then the transfer function of the closed main loop corresponds to an aperiodic
link with a time constant (Ko - C3 )™:
D(p)= Winain (P) _ KeGs 1 |
1+Wmain(P)  P+KoCq (K0C3)_1- p+1
Let the desired inertia of the main closed circuit of the system be determined by

the parameter ¢, i.e. time constant «. Then the goal of self-tuning of the adaptive
system will be to maintain the equalities:

Cl = T1
Cg = T2 (2)
Ko C3 = a

It should be noted that the desired value of the parameter a will be limited in real
conditions by the technical possibilities for implementing the limiting values of the con-
trol action on the object, which in this real system is the flow of material into the mill.

Obviously, this parameter cannot exceed a certain limit value and cannot be neg-
ative.
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An enlarged block diagram of an adaptive self-adjusting system with a reference
model (RM) for the purpose of self-adjustment (2) is shown in Fig. 3

('pset Cs (C’lpy2 + Cyp + 1) Ky

P TP +Thp+1

Y6

attunement circuit

L8 4

Fig. 3. An enlarged block diagram of an adaptive system.

The self-tuning criterion is chosen as the square of the discrepancy between the
desired ¢,-(t) and the actual ¢(t) processes of changing the level of filling:

1 -, 1 2
l==¢"==(¢@ — 3
The controller parameters are adjusted according to the gradient law:
dC; ol :
—=—yi—; 1=123, 4
at Yi oC; (4)

where y; is a coefficient determining the speed of setting the corresponding parameter
Ci. It should be taken into account that if the value of y; is too high, the system may
lose its stability.

Taking into account (3) the expression (4) can be written as follows:

o oC; ' ac
Reference model output ¢, does not depend on the controller parameters C;.
Therefore we have:

dG; 8@(p, c)

e g 1=12,3. 3)
qt Vi€ oC; Dset (5)
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Now the task is to determine the sensitivity functions 0@(p, ¢)/ oC; [4 — 8]. If
conditions (2) are violated, the transfer function of the closed main loop will be equal
to:

KOCg(ClpZ +Cyp +1)

p(T1p2 +T2p +1)+K0C3(C1p2 +C2p +l)

@(p.c)=

and sensitivity functions will have a following form:

od(p.c) Kocsps(Tﬂ?z +Top +1)

G [p(T1p2+T2p+l)+KOC3(Clp2+C2p+1)}2
od(p.c) KOCBPZ(Tlpz +Top +l)

oC2 [p(T1p2+T2p+l)+KOC3(Clp2+C2p+1)}2
8@(1),0)_ Kop(C1p2+C2p+1)(T1p2+T2p+l)

0C3

2
[p(TlpZ +Top +1)+K0C3(C1p2 +Cop +1ﬂ

When the self-tuning conditions (2) are met, the expressions for the sensitivity
functions are simplified:
0v(p.c) _ ap® 1

oG (p+a)2 (Clp2+C2p+1)

6(D(p,c) _ apz 1 (6)
0C7 (p+a)2 (C1p2+C2p+l)
0P(p,c) ___ap

oG Cy(p+a)

Taking into account sensitivity functions from (6) the law of setting the parame-
ters of the regulator of the main circuit has the following form:

dC; ap3 1

d :7/18 2 2

t (p+05) (C]_p +C2p+1)
dCz 0!p2 1

— V2¢
dt (p+0()2 (C1p2+C2p+1)

Dset

Pset (7)
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dC ap
d—t3 =13 5 Pset
C3(p+0!)

Expressions (7) determine the structure of the self-tuning loop and, therefore, the
block diagram of the entire adaptive system (Fig. 4).
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Fig. 4. Structural diagram of an adaptive mill filling control system.
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The calculation of transition process in the main circuit, as well as the processes
of setting the parameters of the controller C;, C,, C3 when changing the parameters of
the control object K,,, Ty, T, was performed by a numerical method At.

The changes in the parameters of the object were carried out by a shift in the range
of + 20% of the nominal values, which corresponds to real conditions. The main task
of the calculations was to determine the optimal values of the parameters y;,v,, 73,
under which the tuning speed C;, C,, Cs will be maximized.

Results and conclusions. While calculating the tuning processes in the system of
Fig. 4, it was established that even with simultaneous abrupt shifts in the object’s pa-
rameters K,, T;, T, by the maximum value, the adaptive system completes the tuning
process of the controller’s parameters C;, C,; Cs in a time of about
230 + 270 min, which indicates the practical feasibility and effectiveness of given
approach, to control the filling level of the mills.
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AHOTANIA
Mertoro ni€i po6oTH € niABUIIEHHS €()EeKTUBHOCTI YIIPaBIiHHS MTPOLIECaMU CAMOMNOJIPIOHEHHS Pyl y
O6apabaHHMX MJIMHAX LUIAXOM 3aCTOCYBAaHHS aJalTUBHUX AITOPUTMIB HANAIITYBaHHS MEPUMETPIB
KEpPYIOUYO1 YaCTUHU CHCTEMH.

Metoauka gociaigxenHsi. Jlyis mporecy caMonoapiOHEHHS PyaM CTYMiHb 3allOBHEHHS OapabaHa
MJIMHA € KPUTHYHUM TEXHOJIOTIYHOI 3MIHHO1, TOOTO, 11eif TapaMeTp He TUIbKH Hajae Oe3nocepeaii
BIJIUB Ha €(PEKTUBHICTH POOOTHU MOJPIOHIOBAILHOTO arperary B CEHCl HOBOCTBOPEHOTO T'OTOBOIO
NPOAYKTY, a i BU3HAUae Oe3aBapiiiHy poOOTy MIIMHA caMONoOApiOHEHHs. 3 OBIIKOBOI JiTeparypu
B1JIOMO, 1110 Yac CIajy aBTOKOPENAIIHOT (yHKIIIT MPOIeCciB 3MIHU OCHOBHHUX XapaKTEPUCTUK BUXI-
HOI pyJH, 10 HAJAXOJUTh Ha MOAPIOHEHH:, Ma€ MOPAAOK KiIbKa TOMH 1 Outblie. Y TOl camuii yac
1HEpLIHHICTh MOAPIOHIOBATIBHOIO arperary BUMIPIOETHCS AECATKAMH XBUJIIMH. Y TaKUX YMOBaX CIiJ
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MIPUITYCKaTH BUKOHAHHS YMOB KBa3iCTAaI[lOHAPHOCTI Ta JIOLIJIbHE 3aCTOCYBAHHS aJalTUBHOT CUCTEMU
YIpaBIIiHHS CTYIIEHEM 3alIOBHEHHS MIIMHA CAMOIIOIPiOHEHHSI.

Pe3yabTaTn gociimkeHHst. MeTo10M JONOMDKHUX OIEPATOPiB 3T€HEPOBAHO 3aKOH HAJIAIITYBAHHS
napaMeTpiB OCHOBHOT'O KOHTYPY CHCTEMH, 1110 CAMOHAJIAIITOBYETHCSA, & TAKOK BUZHAYEHO CTPYKTY-
PHI CXEMH aJanTUBHOI CUCTEMH YIIPABIiHHS 3aIlIOBHEHHSIM MIIMHIB caMoIoIpioOHeHHs pya. Po3paxo-
BaHO MEPEeXi/iHI IPOIECH B CUCTEMI YIPABIiHHS, SKi CBIYATh MPO JOLUUIbHICTh Ta e()EKTUBHICTD 3a-
IPOTIOHOBAHOTO Mi/IXOMY.

HaykoBa HoBH3HA. B po0OTI MPOMOHYETHCS HOBHM MMiJIXi]] 3 BAKOPUCTAHHSIM a/IallTHBHOI CUCTEMHU
KEepyBaHHSI JIs pEeTYJIOBAHHS CTYIICHS 3alIOBHCHHSI MIIMHIB TIOJIpiOHEHHS py/I, 3aCHOBAHUI HA 3aCTO-
CyBaHHI METOY JOTIOMDKHHUX OTIEPaTOPiB.

IIpakTHyHa 3HAYHMICTD. Y XO0JIi PO3paxyHKIB MPOIIECIB HAAIITYBAHHS B CUCTEMI KEPYBaHHSI CTY-
MIEHEM 3alIOBHEHHSI MJIMHOM OYJIO BCTQHOBJICHO, IO HABITh NMPH OJHOYACHOMY CTPHOKONOIIOHOMY
3MiH1 mapameTpiB 00'exta Ko, T1, T2 Ha MakcMMalbHY BEIHMYMHY, aIaITUBHA CHCTEMa 3aKIHUYE MPO-
I[eC HaJIalTyBaHHA napameTpiB perynsaropa Ci, Cz, Cz 3a wac mopsinky 230 + 270 XBWIHH, 110 CBif-
YHTH PO MPAKTUYHY JOIUIbHICT Ta €(PEKTUBHICT 3aCTOCYBAHHS JAHOTO MIIXOTY JUTS PETYJIFOBaHHS
CTYICHsI 3aIIOBHEHHS MIIMHIB TIOJPIOHEHHS PY/I.

Knrouoei cnosa: adanmuena cucmema, bapadanHuii MauH, CamonoopionenHs pyo, KOHmMyp CAMOHA-
JIAWMY8aHHs, KOHMYP YNPAGIIHHSA, PYHKYIS YymMAU80oCcmi, Memoo OONOMINCHUX ONepamopis.
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