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Introduction. When assessing the quality indicators or predictions of final
products after drying in a potassium chloride — drum dryer, virtual analyzers are used
as a crucial element of advanced control systems [1-2]. In addition, the dependence of
the output parameter on the input parameter will not be linear, since the wet concentrate
is dried in the drum at a constant or decreasing rate (the level of characteristic equations
can be two or more), and the process under consideration has a stochastic mathematical
description. Because it is continuously influenced by external agitators. The functional
scheme of the adjustment of the process of drying potassium chloride in the drum dryer
as well as the dependence of technological parameters affecting moisture is expressed
in Figure 1.
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Figure 1. Functional scheme of the adjustment of the process of drying potassium
chloride as well as the dependence of technological parameters affecting moisture:
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Q — drying agent consumption[m3/h];G — primary air consumption [m3/h]; F —
secondary air consumption [m3/h]; Wineu — material Inlet moisture [%]; M — material
consumption [m*h]; U — air inlet humidity [%]; Woupust — Moisture content of the
material at the exit [%].

The process of drying potassium fertilizers in question is complicated due to the
adjustment time of control, changes in humidity, immeasurable changes in the
properties of the product. Therefore, the drying process is controlled using continuous
temperature adjusters. At the same time, the transfer function on each channel of the
adjustment consists of a delay non-linear zveno.

W,(p) =T:<11-e"“" , o)
where: i— serial number of incoming parameters; j — output parameter serial
number; K — reinforcement coefficient; T— time constant; r — delay time (seconds).

In order to improve the adjustment given in the process of operation of the
automatic adjustment system of objects when choosing the main channel of adjustment,
it is necessary to change the dynamic characteristic of the adjusting device in such a
way that it is necessary to ensure that the characteristics of the control object are
compensated for unchanged. The object under study can be described in the form of a
drum dryer linear conversion equation model.

y,(M)+ay, (M- +..+ay,(M-n)=bx(M -d-1)+...b,uM —-d —n), (2
where Kk is the delay;

X(M)=X0(M)—X1}
y(M):yo(M)_y1 ’

in this: n — number of quantization cycles; x(M),y(M) — aughys; x,(M),y,(M)—
change values; x,y,— fixed (given) values. z by applying replacement y(k +i) = z'y(k)
for the (2) subtraction equation given by the ratio, the operator form of the discrete
model is obtained.

(@, +az ' +....a,z")yk)=(b, +bz™" +....b, z27™)x(k). (3)

Starting from (3), when the initial conditions are zero, the transmission function
of the linear system representing the ratio of the input signal to the output signal z can
be obtained.

W)= YD Bt BT 4)
u(z) a,+az +...a2°
®, (k) = [a,; (M); 2, (m); ay; (m); by (m); b (m): by (M) -
Recommended algorithm for evaluating Model parameters:
1.y;(m) and x;(m), j=1i=1...6 s measurement;
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2.e,(m)=y,(m-y;0;(m-1) finding the equation error; e;(m) — error of equation;
y;(m) —new measurement; y[©,(m-1)— predicted value.
3. Calculating the new values of the parameters
0;(m) =0;(m-1)-&;(m-I)e;(m), )
where: ©,(m) — new grade; ©,(m-I) — old Grade; &,(m-1) — correction vector;
e;(m) — equation error.
4. Formation of new vectors of data
v} (M+1) == vy, ()=, (M)imys; (M x (k= dy)x, (m—dy ixg(m=d)l. - (6)
Py(m) - - - Bgm)| [=yym)| |iy
pj(m).,/,JT(m+1): . . . . . = .| (7)
Pay(m) - -+ B(m) | [ =Ye;(M) | |
5. Calculation
The measured output y(M)has adaptive random perturbations n(M). Regression
equations are used to describe the signals generated by external stimuli in the form of
mathematical expressions:
n(M)+CnM -1)+...+C n(m-p) =V(M)+d V(M -1) +...+d V(M - p) (8)
where: V(M)— limits of a sequence of distribution functions that quantitatively
characterize external disturbances.
The external perturbations are expressed as a discrete transfer function, and it is
described as follows:

_n(p) D(p?) 1+dp+..d,p"

Gv P)= - ET -1 -m * 9
P) V(p) C(p™) 1+cp +..c,p ©)
Thus, we tariff the object model, in which an external Riot is involved:
B(p) D(p™)
= p“-u V(p). 10
y(p) ApDH P (p)+C(p_1) (p) (10)

The issue of parametric identification consists in obtaining an estimate of the
model parameters, namely the coefficients of polynomials A(p™) and B(p™), as well
as C(pHand D(p™)[2-4].

To implement such approaches, it is necessary to apply or identify special
methods based on calculations on the transient process. The most acceptable for
automatic adjustment system quality drying is adaptive control system. Adaptive
control is built on the basis of a system that controls the main adjusting size (W output)
according to the deviation, adaptively compensates the deviation drying agent for
consumption (Q), primary air consumption (G), primary air consumption (F) and
external disturbances for wet concentrate on Inlet moisture, material consumption and
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air inlet moisture [3-5]. Figure 2 shows the structure of the adaptive control system of
the drying process.
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Figure 2. Structure of improved adaptive control system of drying process: 1-Task

formation block, 2,3,4-comparators, 5,6,7-consumption sensors, 8,9-summators, 10-
control object, 11-humidity analyzer, 12-compensator, 13-function Block, 14-
identification Block, 15-parameter adjustment block, 16-adaptive control Block, 17-
external disturbances.

The proposed process of drying potassium fertilizers is characterized by an
advancedadaptive control method, as well as the fact that the parameters of the
adjusting system in the process of Operation do not change and correspond to
adjustments. The improved adaptive control system changes the T time constants of
the compensatory device in the case of changes in the parameters of the control object
in the process of operation [5-7]. The resulting change can occur only in cases where
the adjustment quality is poor in the change in the result of the characteristics of the
control object. This ensures the necessary reserve of stagnation of the system. The
structural-functional scheme of the improved control system of the drying drum,
proposed below, is shown in Figure 3.
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Figure 3. Structural functional scheme of the improved control system of the
drying drum: 1 - wet material supply conveyor; 2 - wet material Bunker; 3 - Doser, 4 -
frequency adjuster (frequency changer); 5 - supply conveyor; 6 - calorifer; 7 - Mixer ;
8 - drum dryer; 9,10 - cyclones; 11 - dust puller; 12 - collector bunker; 13 - conveyor
sending dry material to the refrigerator; 14 - programmable logic controller (DMK), 15
- analog input (Input module), and 16 - analog output (output module) blocks; tt01, tt02
— temperature sensors; FTO1- gas consumption sensor; ft02 — primary air consumption
sensor; FT03-secondary air consumption sensor; FT04 — drying agent consumption
sensor; FT05 — wet concentrate consumption sensor; LTO1 — surface sensor; M01, M02
— electric motors.

The structural-functional scheme of the proposed, improved control system of the
drying drum to the input of the virtual analyzer TTO01,TT02 - temperature sensors in
the drying drum; FTO1 — gas consumption sensor; FT02 — primary air consumption
sensor; FT03 — secondary air consumption sensor; FT04 — drying agent consumption
sensor; FTO5 — wet concentrate consumption sensor; AT01, AT02 — incoming and
outgoing humidity analyzers; LTO1 predicts the quality of dried potassium chloride by
adopting process parameters that are measured and controlled using level sensors. The
output of the Virtual Analyzer is considered to be a qualitative indicator of
technological processes or the product produced. In addition, signals transmitted by
primary switches are received by a programmable logic controller (DMK) and control
signals (effects) are formed by the controller into all executive mechanisms [7]. This
in turn is stored in the database archive. The effects of controlling the improved control
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system of the process of drying potassium chloride in a drum dryer and the results of
the implementation of the output variables are shown in Figures 4 and 5.
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Figure 4. Graph of change after Figure 5. Graph of change after
advanced gas pressure control advanced control of gas and air

consumption.

On the personal computer monitor at the central control point of the plant, one can
see the mnemoscheme of the combustion process of the drum dryer and calorifier, the
values of the technological parameters involved in the combustion process and
affecting moisture, the characteristics of the change. Based on the application installed
on an industrial computer, calorific can carry out the archiving of information from the
control cabinet as well as their processing, the construction of graphs of change of
technological parameters and the remote control of the drying process of mineral
fertilizers. Software has been developed that implements the operation algorithm of the
improved control system of the drying drum [6-8].

Conclusion. Analysis of the problems of control and management of
technological processes of potash fertilizers production, existing methods of measuring
the quality of mineral fertilizers indicates the need to develop new and improve existing
methods of measuring the quality of potash fertilizers. The demand for the
development of new and modernization of existing technologies for measuring the
quality and quantity of mineral fertilizers to obtain products of the required quality is
shown. In addition, there is a tendency to develop control and management algorithms
at different levels of management - from the management of production processes to
the level of effective support for managerial decision-making. The work on choosing
the optimal structure of the potassium chloride drying process control system,
determining the technological parameters that affect the quality of the product during
the drying process was carried out in the normal operating mode of the drum dryer. As
a result, an improved control system was developed as the control object of the drying
drum, as well as the software of the same system.
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