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Abstruct: We propose a new algorithm
to’ obtain the output feedback
controller for power system generators.

The performance criterion of this
controller is the integral of quadratic
form of output differences between
reference model and controlled system.
With this criterion, we can easily
compute the output feedback gains using
Astrom's algorithm for the integral
calculation of quadratic form.
Simulations on a one machine infinite
bus system shows the effectiveness of
this approach.

1. Introduction

With the growth of power systems, a
well designed controller for a power
system generator becomes quite
important to maintain satisfactory
performance of the system under all
operating conditions. Many methods to
design such a controller have been
studied in recent years. Various
techniques, optimal regulators [1],[2],

optimal output feedback contorollers

[3], pole assignment methods [4],[5],
adaptive controllers [6], have been
suggested. Development of such a

controller requires an accurate model
of the generator being controlled and
such a model of the generator results
in a high order mathematical model.
Design of optimal controllers for high
order mathematical systems is
computationally cumbersome.
Furthermore, the optimal controller
needs all state measurements or , if it
is not 1impossible, outputs of high
order obsevers. Thus, realization of
the optimal controller is not
practical. The pole assignment method
requires culculation of eigenvalues and

computation of eigenvalues of high
order system is difficult. It is
desirable to control the generator
using output feedback only. But, the
optimal output feedback control of the
system with usually used quadratic
criterion concerned with outputs and
inputs requires iterative solutions of
matrix algebraic equations.The adaptive
controller requires identification of
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plant parameters which is not easy for
highexr order system.

Here, we propose a new algorithm to
obtain the output feedback contoller.
The performance criterion of this
controller is the integral of quadratic
form of output differences between
reference model and controlled system.
With this criterion, we can easily
compute the output feedback gains using
Astrom's algorithm for +the integral
calculation of gquadratic form [7]. This
approach to obtain the output feedback
gains has the following properties:

(1) Conputational effort is small;

{(2) The controlled system can inherit
some good properties of reference model;
(3) This approach is applicable to any

type of controllers which can be
represented by the rational transfer
functions.

In this paper, the optimal servo

system is used for the reference model
which has a robustness property and
zero steady state differences between
reference inputs and controlled outputs.

Simulations on a one machine infinite
bus system shows that <the designed
controller which uses only four

measurable outputs from fifteen state
variables has also a robustness property
and zero steady state differences. This
controller needs only two extra
measurements compared with the
trditional controller. Thus, practical
realization of this system is very easy.

2.Design method

2.1 Concept of design method

We consider an ideal model which has
some good properties for design purpose
as reference model. It is desired that
the controlled system outputs should be
as close as possible to the reference
one. Then gain parapeters of controlled
system are determined by minimizing the
performance criterion shown in equation
(1), concerned with output differences

e(t) between reference model and
controlled system.

1= § e(t)™Re(t)dt )
Where e(t) = y(1) - y(v)



Q = diag(qi,92,.--Um)
y(t) :
y(t) :

m :

qizo
outputs of reference model
outputs of controlled system
number of outputs

This criterion is computed by
the using
the calculation of eigenvalues and/or
[71,(8]. Thus, the

minimization of it is easily performed

easily
Astrom's algorithm without

matrix equations
by usually used numerical optimization
[9]. This
applied to any type of controller which

procedures approach can be

is represented by the rational transfer
functions.

The concept of this approach
1.

is shown in Fig.

Reference

2.3 Controlled system

The controlled system 1is shown - in
Fig. 3. This system is very similar to
the reference model. But, in this
system the subfeedback loop is outputs
feedback instead of states feedback in
the reference model. Thus, practical
realization of +this system 1is easy.
The feedback gains K,, K> are the
parameters to be determined so as to
minimize the performance criterion.
This system has zero steady state
differences from its own structure if
it is stable. Simulations on one
machine infinite bus system reveals
that this system has also the same
properties as mentioned in section 2.2
(condition (1) to (4)) by suitable
selection of observable outputs.

Model Plant
Inputs — e(t) )
SN . Inliuts X : (0 .
-—L T Im/S F— Ko -3 - GO (s) CO
Controlled - - — JL
system Cé

Fig. 1 Concept of design method
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2.2 Reference model
Reference model should be determined

y(t) : Dutputs to be controlled

y’ (1) : Observable outputs

. Fig. 3 Controlled system
by considering following conditions:
(1) Fast responsibility;
(2) Stability: 3. Simulations
(3) Steady state characteristics; We investigate the effectiveness of
(4) Robustness property; etc. this approach by simulations on one
We choose the optimal robust servo machine infinite bus system, shown in
system [10] as a reference model which Fig. 4. In this system '_th? generator
A L has customary used cxcitation system
satisfys above conditions (1) ,(2) and and governor control system The
has a robustness property for plant dynamics of this system is represented
parameter change and zero steady state by fifteenth order nonlinear
differences between reference step differencial equations described below
inputs and controlled outputs. The [11?'
block diagram of this system is shown x(t) = £(x(t),u(t)) (2)
in Fi 2 y(t) = g(x(t)) (3)
19. 2. where x(t) : state variables
Plant }(5) : contralled output
Inpins - (D ¥y Y : con.ro ed ou ;.m s
Go (8) C f, g nolinear functions
0 0
_ L] u(t) = [We,ugl]™
Ue : €exXciter input
ug : governor input
e y(1) = [&,V]"
K, & : load angle of generator
V. : terminal voltage of generater

other observable outputs

y(t) : Outputs to be controlled
Fig. 2 Optimal robust servo system
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» : angular frequency
Eea: exciter voltage
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erder

approximation

of these

Since the function

f, g are nonlinear,
equations about nominal oprating values the coefficients Ao, Bo, Co change its
(xo,uU0) are values when the operating conditions are

Ax(t) = Ao Ax(t) + BoAu(t) (4) changed.
Ay(t) = CoAx(L) (5)
vhere Ao = 9f(xo,u0)/8x ,Ae € R5*13 . .
. B: = g f(x: u:)/au B: € Rio=2 Generator Vi Transmission line Vo
Co = 3g(xe)/dx  ,Co € REx1S (™) | P
and A Beans deviations from nominal \\_,/ l R X
values. We consider these linearized © e
Infinite bus
system as the system to be controlled. P -
Thus, the transfer function from Au to Ax
is Fig. 4 One machine infinite bus system
Go’(s) = (sI - Ao) 'Bo (6)
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Fig. 5 Response curves of outputs for step input at ug

(Nominal operating condition [100 % loaded])
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Thus,
system is very important.

the robustness property of controlled
We select observ-

able outputs from physical meanings as fol-
lows.

Case 1 : y'(t) = [y(1)T, w]™

gase 2 : y' (1) = [y(1)T, @ ,Efal”™

Response curve of outputs (& ,Vt,w) are
shown in Fig. 5, Fig. 6 for different inputs
and in Fig. 7, Fig.8 for different operating
conditions where the dot lines mean the ref-

4. Conclusion

We propose a new algorithm to obtain

the output feedback controller. This
approach has the following properties:
(1) Computational effort is small;
(2) The controlled system can inherit
some good properties of reference model;
(3) This approach is applicable to any
type of controllers represented by the
rational transfer functions.

erence model outputs. Frem these curves we i i A
Simulations on the one machine
can see the outputs of the proposed system .
infinite bus system shows that only a
are very close te that of reference model R
- oy s few extra measurements improve the
compared with the traditional centrol system
outputs responce of the system
and the case 2 has good robustness property. i
considerably.
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Fig. 6 Response curves of outputs for step input at ua

(Nominal operating condition [100 % loaded]l)
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Fig. 8 Response curves of outputs for step input at Ue
(Non nominal operating condition [60 % loaded])
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