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Abstract

A method for the intensity control of the high-energy ultrasound influence on the iron ore
pulp using Lyapunov and gradient methods based on MRAC system is described.
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The fluctuations of the feedstock
characteristics and condition of the technological
equipment, as well as changes in the reference
value in the closed loop automatic control systems
(ACS) cause the transient processes, during which
the particle size distribution of output products of
grinding and classifying aggregates varies widely.

This leads to additional losses of useful
components.
The duration of transient processes

depends on how accurately the current state of the
control object (its static and dynamic
characteristics) corresponds to the controller
settings in the ACS. This implies the need for
periodic adjustment of controller parameters. It is
best implemented in adaptive ACS. In [1-8] and
the other the various algorithmic and technical
approaches for constructing of the technological
processes adaptive control are proposed. However,
the most effective advantages of adaptive ACSs
can be realized only considering the characteristics
of a specific control object and their means of
information support. The promising direction for
effective beneficiation process control is the high-
energy ultrasonic influence with a given intensity
to the pulp flow.

The purpose is the adaptive control
formation for the intensity of high-energy
ultrasound influence on the iron ore pulp based on
model reference adaptive control system.

Model reference adaptive control (MRAC)
system diagram is shown in Fig. 1. This system has
an internal feedback loop consisting of the control
object and the controller, and an external feedback
loop to adjust the control parameters. Parameters
vary basing on mismatch errors between the output
of the system — the actual intensity Iy, and the
output of the reference model - a reference
intensity, .. Let’s consider two separate
parameterization mechanisms [9]. The first
mechanism is based on the Lyapunov stability
theory and gives a regulatory mechanism, which
guarantees the stability of the adaptive system with
feedback. The second mechanism is based on the
gradient method [10] for tuning controller
parameters.

x(k +1)=(A—BL(@))x(k) + BM (9)u, (k)= A (6)x(k) + B (O)u, (k)

Let’s suppose that e — the error between
the y output from the closed-loop system and yye
model access. To minimize the error of e, the @
parameters were adjusted so that the function
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Figure 1. A block diagram of the MRAC
system

Let’s consider the Model Reference
Adaptive Controll (MRAC). For the model
reference adaptive control formation let’s represent
the process of high-energy ultrasonic influence on
iron ore pulp using a state space model, which can
be represented as follows [11]

x(k +1)= Ax(k )+ Bu(k), @)
where x(k) — N x1 — is the state vector (intensity);
u(k) - mx1 - is the vector determining the

amplifier power; A— Nx N is the system matrix
comprising a conductivity terms and the pulp flow
rate, B — N X M input matrix, which represents the
effect of power m.

It is desirable that ultrasonic influence closed loop
response x(k) corresponds to an response Xn(k) of
the reference model, which can be represented as
follows

Xm(k+l):AﬂXm(k)+ Bmuc(k)’ (2)
where X (k) — is the state vector representing the

intensity of the model; uc(k) — is the input vector

defining the command input into the model. The
polinomials A, and B, — is the model state matrix
and input matrix.

The MRAC system inner loop uses a

common linear adjustment, which can be
represented as follows:
u(k)=M(9)-u, (k) - L(@)x(k). ®)

where M and L - is the gain controlling matrices
with adjustable parameters of @ . Considering (1)
— (3) the MRAC internal circuit dynamic model
can be represented as follows

(4)
1

J(0)="e?,

(0) ¢ 5)

was minimal.

As noted, there are two methods for the &
parameter adjustment. Consider first the gradient
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method, for which we will set the parameters in the
direction of the negative gradient of J in the
following form
deo aJ oe
e (6)
Y RAY)
where ¥ —is the adaptation gain.

The relationship between variable of &
and the weight function is as follows

3(0)=[e(0)

(ilfz—yézejcsign(e), 7
le>0

where sign(e)={ 0,e=0
-1e<0

Considering (5), let’s define a control law
for the system Y(s)/U(s) = kG(s), where k is
unknown. It is necessary that the expression take
the following form Y(s)/U.(s) = koG(s) using the

object of control G, (s)=k,G(s).
Let’s choose the weight function

1 déo oe
J(0)==e*(0)>—=——,
0)=3¢'(0) > =7
and write the equation for the error
e=y-VY.,=kGU -G _ U =kGAJ_ -k,GU,

refm™~ ¢
(9)
The “sensitivity” derivatives calculation
can be represented as follows

e k
i: kGUc :7yrefm' (10)
00 K,
Considering (6) we obtain the adaptive
control algorithm

00 k
D VA e=-— y 11
at 7/ ko yrefm Wrefm ( )
The dynamics approximation of the pulp
ultrasonic treatment process as a second order
system and the application of the gradient method
gives the parameterization law, which can be
represented as follows

(®)

6,

che(k +1)

q2 + a‘mlq + am2

q
0,k +1)=6,(k)- U k+1
e )=0,00 7] o LU )
q
O, k+1)=0,(k)- U k+1
e D=000-7| b, k)
q
0,k+1)=0,(k)- U k+1
D=0, o LU )

(12)

The mathematical modeling results of
automatic stabilization adaptive system for the
intensity of ultrasonic influence on iron ore pulp is
presented on Fig.2.
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Figure 2. Mathematical modeling results of
intensity ~ control ~ for  different gains of ¥

1 - reference value; 2 - y =0,0001; 3 - y =0,001;
4-y=0,01

Coclusions. The formation of the
ultrasonic oscillations intensity automatic control
using Lyapunov and gradient methods based on
MRAC system led to the following conclusions.
The method based on MRAC shows high speed
transition process, small overshoot, and a slight
mismatch.

References

1. Shubladze A. (1975) Ob odnom sposobe
identifikatsii  [About one wat of

identification]. Avtomatika i

telemekhanika, No 11, p. 80-92.

2. Polyak B., Tsypkin Ya. (1973)

Psevdogradiyentnyye algoritmy adaptatsii

i obucheniya [Pseudogradient algorithm of

adaptation and training]. Avtomatika i

telemekhanika, No 3, 45-69.

3. Layon P. (1967) Bystraya identifikatsiya
lineynykh i nelineynykh sistem [Rapid
identification of linear and nonlinear

10

© Metallurgical and Mining Industry, 2014, No. 6



Automatization

systems]. Raketnaya tekhnika i
kosmonavtika, No 10, p. 130-139.

Yeremin Ye., Nguyen T.L, Chkhartishvili
G. (1973). Bespoiskovaya sistema
identifikatsii s model'yu, sinteziruyemaya
po kriteriyu giperustoychivosti [Searchless
identification system with the model,
which is being synthesized under
hyperstability criterion ]. Avtomatika i
telemekhanika, No 5, p. 54-65.

Morkun V.S., Morkun N.V,. Pikilnyak
AV. (2014). Ultrasonic phased array
parameters determination for the gas
bubble size distribution control formation
in the iron ore flotation, Metallurgical and
Mining Industry, No3, p.p. 28-31

Morkun V.S., Morkun N.V,. Pikilnyak
AV. (2014). The gas bubble size
distribution control formation in the
flotation process, Metallurgical and
Mining Industry, No 4, p.p. 42-45

7.

10.

11.

Morkun V.S., Morkun N.V., Pikilnyak
A.V. (2014). Iron ore flotation process
control and optimization using high-energy
ultrasound, Metallurgical and Mining
Industry, No2. p.p. 36-42

Morkun V., Morkun N., Pikilnyak A.
(2015). The study of volume ultrasonic
waves propagation in the gas-containing
iron ore pulp, Ultrasonics, No 56C, p. 340-
343.

Astrom K., Wittenmark B. Adaptive
control, Boston, Addison-Wesley, 1995.
MRAC Theory. Available at:
http://www.pages.drexel.edu/~kws23/tutor
ials IMRAC!/ theory/theory.html.

Sun L., Collins C., Schiano J. (2005).
Adaptive real-time closed-loop
temperature  control ~ for  ultrasound
hyperthermia using magnetic resonance
thermometry. Concepts in  Magnetic
Resonance Part B (Magnetic Resonance
Engineering) 27B, Nol, p. 51-63.

© Metallurgical and Mining Industry, 2014, No. 6

11


http://www.pages.drexel.edu/%7Ekws23/tutorials%20/MRAC/%20theory/theory.html
http://www.pages.drexel.edu/%7Ekws23/tutorials%20/MRAC/%20theory/theory.html

