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ABSTRACT

For an optimal linear regulator design, a
performance function of the quadratic form must be
chosen. The question arises of how to decide the
weighting matrix Q of the performance function. A
method is developed in this paper based on liapunoyv
stability design. The method begins by linearizing the
system equation about an equilibriurg point. The
system considered is an induction motor driver. The
equilibrium points were selected so as to have stable
closed loop system. Several cases are investigated.
It is found that emphases on control of rectifier current
and stator voltage result in a more stable system. This
is shown from the non-linear test conducted on the
system.
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NOMENCLATURE

: System matrix
: Input matrix
- (Quadrature stator voltage,
. Rectifier current
. Performance index
. State variable
; Input vector
. Positive definite matrix, weighting matrix
- Positive definite, cost function matrix
¢ Closed-loop system
: Transpose of u
. Solution of matrix Riccati equation
: Load torque
: Speed of rotor
: Base speed
i : d-g phase currents
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1.0 INTRODUCTION

Contributions have been made in the problem of
stabilizing power systems and drives through excita-
tion control using power signals and speed [1-3]. In.
view of the development of control theary, however,
more work should be done to determing if there is a
better way to stabilize a power system anid drives.
Optimal linear regulator have been designed for power
systems and drives. Optimal finear regulator have been
designed for power system stabilization [4] and
electrical machine drives [5]. There is however, one
problem unsolved; that is how to decide the weighting
matrix Q of the quadratic performance function from a
sound basis instead of leaving entirely to guessing and
experience.

The usual procedure of optimal linear regulator
design has been discussed [4]. Consider linearized
system state equations,

% = Ax + Bu

An optimal control can be found from the minimiza-
tion of chosen guadratic performance function

9.9
Ji= ?_S(x’l}x + u'Rujdt
2« (2
subject to the system dynamic constraint equation 1.
The optimal control is given by
u=- R'B'Kx
and the Riccati matrix K is solved from the nonlin-
ear matrix algebraic equation
KA + ATK - KBR'E'K = -Q

With u taken as the control signal, equation 1
becomes

X = Ax
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Where, _ :
= E-BROBK & e (6}

20 DRIVE EQUATIONS

The drive equations were dbtained in synchronous

ing' ref_erence'fr_amg-[?]-hﬁi_e form
= Ax + Bu

L ".y'"l:"

Where the aqu:hbrium pomt to Hneaﬁza the’ s:.rstam

equatmns are Im,l ; andl

For the pamcular case investigatad,
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3.0 RESULTS

Figures 1 to 6 show the comparism of eigenvalues
plet. Eigenvalues plots are used to study the
asymptotic stability based on the eollorary of liapunoy
stability analysis. It is found that the lowest sel of
elgenvalues is achisved when emphasis is placed on
the control of stator current i, and roter current |,
Howgl.rer., the lowest current when emphasis is placed
on tﬁe control of rectifier current | and stator vallage

Ve, is higher than any of the lowest eigenvaluss for all
the cases investigated for. The nonlingartest 1ur this
particular case is shown in figures 7 to 13
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Etgenvalues plots were used to ascertain the
Tasymptotic stabﬂtty of the closed-leop system. The
real pant of the eigenvalues determines whether the

root of the equation are placed on the right hand side

{8}

of the'complex plane. It has eifect on the state transi-
tion matrix, ¥, which is the response of tha system
when all other forcing functions are zero. From the
result of the non-linear test, it i5 seen that the
eigenvalues can indeed be used to judge the stability
of the systemn, because of convenience inorder to
determing the test control option without necessarily
going into non-linear test. The enly limitation is that
the perturbation should not exceed a fimit that will make
the linearization invalid,
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