COMPUTATIONAL PROBLEMSOF ELECTRICAL ENGINEERING

Vol. 3, No. 1, 2013

BELLMAN DYNAMIC PROGRAMMING
OF THE TIME-VARYING ELECTRIC DRIVE

Jumber Dochviri, Oleg Khachapuridze
Department of Electrical Engineering of Georgian Technical University, Republic of Georgia
Jumber_Dochviri@yahoo.com

Abstract: The modern eectric drives with variable
parameters such a winding mechanism reguire an up-
dated approach to construction of an optimal control
system. The expression of an interpolation polynomial
for tuning a speed regulator of a winding mechanism
based on dynamic programming by Bellman is given in
this paper. As a result, the proposed third-order
interpolation polynomial can be used to construct an
adaptive control system of a drive system such as a
winding drive.
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1. Introduction

In the modern paper and metallurgy industry on the
coilers for sheets of the paper and metd, thyristor
electrical drives are used. It is known that processes of
winding the continuous growth of the moment of inertia
takes place. In connection with this, the electric drive of
the considered aggregates presents drives with variable
parameters. During the transition regime, the change of
the moment of inertiais not essential and we consider it
to be constant. However, during the cycle of the mecha-
nism operation, it changes essentially. For regulation of
the system of such dectric drives, the usage of regulators
with constant coeffitients is inadmissible. It is clear that
if we adjust regulators orienting on initial values of
object parameters, after some period adjustment will be
nonoptimal and make the system unstable.

On the basis of our investigation [1], we consider it
sufficient to divide the period of operation cycle of the
windable mechanism into several time intervals and to
abjust regulators (with the help of additiona devices) in
accordance with initidl parameter values for each
interval. For optimal control by rooling drive (or coiler),
we use the method of dynamic programming by Bell-
man [1].

Let us write equations of dynamics of eectrica
drives for winding mechanisms without taking into
consideration disturbance;
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pondingly are angular speed of mechaniam, drive elastic
moment, angular speed and current of the engine; u is

signal of the drive control; C.J,,r,L ae the
electromechanical parameters of the drive; K stands for
the amplification factor of thyristor converter feeding
anchor of electric drive; J,(t) are the moments of
inertia of rolling (with aroll ) defined by formula[2]:
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where a,b,c and d are the factors depend on
geometrical sze of a winding roll, working speed of
mechanism and production material .

For right introduction of a technological process of
the given mechaniam, the electric drive must support as a
minimum following functional [3]:
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where X'Q% and U'RU are the positively defined
square matrices;, Q and R represent the given diagonal
matrices defined as follows:
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where %% (t), %7 (t),%2(t),%*(t) and tiare the
maximum admissible values of deviation from desirable
values of variable state and controlling action of the
system.

For realization (3), i.e. optima control by rolling
drive, we set up an equation of dynamic programming
according to Bellman:
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The values with index “B” accord to basis regime of
the system.

Equation (5) is nonlinear with frequent derivatives
and congtant coefficients, its solution is given in the
following form:
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It should be noted that coefficients in (6) can be
found easily when we substitute (6) into (5) and use a
software for their computation. Optimal control for the
given drive based on dynamic programming has aform:
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In (7), the factor with partial derivative is with the
help of (6), i.e.
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Putting (8) into (7) we obtain:
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Expression (9) allows defining optimal factors of
the system feedback for any preliminary shosen t. -time
moment. To choose a polynomial function of norder for
regulators (feedback), we use the method of interpolation
from the theory of numerical analysis.
Let the unknown interpolation polynom has aform:
R(1)=8 Gt R (t)=W, (10
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Then the following equation is just:
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Thus on the basis of (9), (10) and (12) factors of
drive regulators for fixed time moment (t,,i =0,7)

If N® ¥ must be defined, then (10) will ensure a
continuous functional change of regulator factors. It
means that the optimal drive system of winding
mechanisms mugt be solve-adjusting.

In private case at n=3 expression (3) hasaform:

R, (t) =Ct* +Ct* +C, (13)
where
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If n® ¥, the expresson defines functiona
variation (tuning) of the drive regulator coefficients.
Therefore, for optimal control of the drive system of
wind mechanisms, it is contingent to build a system with
adaptive principles.
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JUHAMIYHA OIITUMIBAILIA
BEJIJIMAHA JIUIsA SMIHHOI'O
B YACI EJIEKTPOIIPUBOY

Joxym6ep Hdousipi, Oner Xauamnypiznze

CyuacHi €JeKTpHYHI NPHUBOAW 31 3MIHHMMH Iapa-
MeTpaMH, Taki Sk 00epTOBi MEXaHi3MH, BUMararoTh HO-
BUX MiJAXOAIB Y KOHCTPYIOBAaHHI ONTHUMAaJbHUX CHCTEM
KepyBaHHs. Y JaHiii CTarTi MU IPOIOHYEMO BHpa3
TIOIHOMY IHTEPIOJIALIT Ul HaJalTyBaHHs PEryisaTopa
IIBUIKOCTI 00EPTOBOI'0 MEXaHi3My, IO IPYHTYEThCSA Ha
MaTeMaTUYHOMY METOJi ONTHMi3alii, Ha3BaHOMY JHHa-
MIYHUM IIporpaMyBaHHsIM bemnmmana. Sk Hacnigok,
BUKOPHCTOBYIOUHM 3alpOIIOHOBAHUM IHTEPIOIISIIHHUIA
TIOJIHOM TPEThOTr'0 MOPSIKY, MOXHA MMOOYAyBaTH ajar-
TUBHY CHCTEMY KEepyBaHHs NPUBOJOM, BHUKOHAHHM,
HAIPHKJIAJ Y BUTJISI 00EPTOBOTO MEXaHI3MY.
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