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ABSTRACT

A system state vector of node voltages in a power system
can be efficiently calculated from measurements of power and
var inputs and loads. The preferred sequence is to use New-
ton's method for voltage angles from power errors, then New-
ton's method for angles and voltage magnitudes from power
and var errors, and lastly the second order move vector with
Fletcher-Powell updating of the inverse Hessian matrix. "The
second order method minimizes an error function whose compo-
nents are weighted differences between measurements and co-
rresponding calculated values.

The first two or three terms of the Taylor series expan-
sion of a scalar function of a vector, are used to develop
iterative methods that provide convergence to the minimum of
the function, if this minimum exists. To obtain the opera-
ting set of node voltages of an electric power system, an
error function is defined, and then, the developed minimiza-
tion methods are compared with one another, to find the time
taken to reach the minimum point using digital computer.

The data employed in the power problem is the admittance ma-
trix of nodes of the system, and the set of real and reacti-

ve power at each node.
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INTRODUCTION

In order to obtain the operating state of an electric power
system, the digital computer has proved, since last decade, to
be the most useful tool. However, the iterative and direct me-
thods developed since-then, have not improved very signi}icant-
ly in their speed of convergence to the desired solutioh.

The methods applied here are derived from the Taylof series
expansion of an error function of the voltage magnitudes and
voltage angles. In chapter 1, the general theory of minimiza-
tion, using this approach, is briefly explained. Chapter 2
describes the power problem, and also defines the error func-
tion to use in the minimization techniques. Chapter 3 sket-
ches the way the digital computer is used and the different
programs employed. The results of these programs are shown
graphically plotting RMS per unit error, against time taken by
the CDC 6400 computer machine. Finally, the conclusions of
this research are contained in chapter 4. " For those interested
in the computer programming itself, the appendix contains the
flow diagrams and the program listings in Fortran IV.
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CHAPTER 1

MINIMIZATION OF THE VALUE OF A SCALAR FUNCTICN USING
MULTIDIMENSIONAL TAYLOR SERIES

11 The expansion.

Consider a scalar function f whose value depends on the n-vec=-

tor of adjustables x. Then for any given n-vector X the func-

O’
tion f may be expanded using Taylor series to obtain a new va-
lue, f(§0 + Ax), in the neighborhood Ax. Hence, the new value

of the function may be expressed as follows:
f(go + AX) = f(go) + E'AX + IOXK'GAX + ... (1=1)

where g' is the transpose of an n-vector whose elements are gi-

ven by 85 Df/ax , and evaluated at x_; ¢ is an nxn matrix

o’
whose elements are g(i,j) = Baf/bx'bx , and also evaluated at

X o

=0

The approximations to be used include only the first three
terms, hence, higher order terms are not shown. Note that
these terms would include tridimensional matrices and higher.

If it is desired to minimize the value of the function f,
then AX, the vector of corrections, should be chosen in such a
manner that the new value, f(;o + Ax), decreases as much as po-
ssible. To fulfill the above aim, iterative algorithms may be
developed as shown below.

1.2 Steepest descent.

From the first two elements of the expansion, i.e.
£(x, + AX) = £(x,) + g'ox (1-2)
we have,

N = _3'AX (1"'3)

where &f = f(x, + Ax) - £(x,) .
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In order to obtain the minimum value'of f in the neighborhood
AX, Af must be as negative as possible. This is accomplished by
choosing Ax in such a way that the inner product, g'aAx, is min-

imized, i.e.
AX = = A8 (1-4)

The gain A is necessary because in the general case f is not
a linear function of adjustables. In the special case where f
is linear, A\ = (f(x,)- fmin)/g'g . The optimal value of the
gain is found by performing a one-dimensional search using the

actual function f.

1.2.1 One-dimensional search.

The search for the best gain A, is performed in the function
f vs.A that results from the addition of the vector of correc-
tions, Ax, to the vector of adjustables, x, using differents va-
lues for A in equation (1-4). The values of f are‘computed at
each time.

The question arises as to whether we can locate the minimum
value in a more efficient fashion than a direct examination of
possibilities., It is necessary to introduce the concept of a
unimodal function. ’

- Definition. A function f(x) is unimodal in an interval (O,b)
o 0 € %, £ b, such that f(x) is either

strictly increasing for x < Xg and strictly decreasing for

if there is a nuwmber x

X > Xg, Or else strictly increasing for x < Xy and strictly de-
creasing for x 2 X

A function with a minimum in an interval (0,b) also satis-
fies the definition of unimodal function, provided we make a
change in sign. It is clear that the unimodal property will ne-
ver allow an exact evaluation of the minimum value of f(x), but
it will allow us to determine very accurately the location of
Xq For this purpose the following theorem is needed:

- Theorem. Let y = f(x) be a unimodal function in an interval
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0<x£ L . Suppose that L is a number with the property that
the point at which f(x) achieves its minimum can be located
within an interval of unit length by calculating at most n va-
lues and making comparisons. Introduce the quantity

F, = Sup L, (1=5)
then,
Fo=Fpa * o n=2 (1-6)

‘'he numbers Fn are the Fibonacci numbers which occur in the
most unexpected places. In the present discussion this theorem
is not proved, however the reader is referred to the bibliography
e 3)

Now, compute y,= f(xl), Y, = f(xa), for x, and x, two values
in (O,Ln), to be determined subsequently, with x; < x,. If
Y1 > ¥, the minimum value occurs in (xl’Ln)’ while if ¥y, ¥y,

for the proo

the minimum is in (O,xa). If y, = ¥,, We choose either of
these intervals, even though it is known the minimum occurs in
(2)5%5).

The problem is then how to determine the subinterval (xl,xz)
from the initial interval (O,Ln), and all subsequent intervals.,
10 determine the analytic form of Fn, observe that r® is a

solution of (1-5), ignoring boundary conditions, if

r2 =1+ 1 (1-7)

the two values of r are (1 #+ V5)/2. Hence, if we set

n n
Fn=c—‘[5;—1- +021-2-\f" (1-8)

we have the solution of (1-5) provided we fit the values at
n=0andn=1, "“Thus
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1 *+Cy (1-9)

1=0 -@-‘—+c‘——§—£ (1-10)

1 2 2

the two values for C, and C, are C; = ‘7§—E, and C, = Evg—‘- .
Since (Y5 + 1)/2 >1 and (V5 - 1)/2 < 1, it is seen that for

. . 1 + S+ 1
large n, Fn is very accurately given by > . It

follows that one can obtain exponential increases in accuracy
at a cost of a few additional computations,

The ratio Fn/Fn_1 approaches (Y5 + 1)/2 which is approximate=-
1y 1.62 . Hence, the first two values, x, and x,, should be cho-
sen at a distance 0.62L from either end of the interval (O,L).
This uniform testing policy would be an excellent approximate
policy for all except the last few stages, at which point it is
of little import whether the best policy is used or not. ‘this
simple search policy is particularly applicable for use with di=-
gital computers,

From above it follows that the problem of locating the mini-
mum reduces to finding the initial interval (O,Ln).

1.3 The second order move vector.

In this method the minimization is accomplished by using the
first three terms of the Taylor series expansion shown in (1-1).
Hence,

Af = g'Ax + 3/x'GAx (1-11)

taking the derivative of Af with respect to AX, and equating it
to zero, we have

g' + Ax'G = 0 (1-12)

Assuming f is continuous in x, then G, the matrix of second par-
tial derivatives with respect to adjustables, is symmetric. Then,
from (1-12)
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‘'set A= O and one would not be able to move from X

Ax = - G7'g (1-13)

In this method Ax is called the second order move vector, and
the matrix G the Hessian matrix.

Since in general f is of higher order than tvo, a gain X may
be used to find a slightly altered AX which will minimize f in
the direction of Ax. The optimal value of A may be obtained

from a one-dimensional search technique. Then
Ax = =287 g (1=14)

For a non-trivial solution of Ax, the correction will yield
the maximum value of|Afl. In order for Af to be negative, it

is necessary that G, evaluated at the point x_, be positive def-

’
inite. If the matrix G is not positive defingte, the quadratic
approximation would have concave curvature with respect to x,
and the vector of corrections would lead to a maximum instead
of a minimum. In this case the one-dimensional search would
o anymore.

Theoretically this algorithm shows a very fast convergence to
the minimum of f, in regions close to it, since any function,
with continuous partials, is nearly quadratic in the neighbor-
hood of a minimum, if this minimum exists.

When using the digital computer this method presents the dis-
advantage that the computation of the inverse at each iteration
of the Hessian matrix G is tedious, especially when the dimen-

sion of x is very large.

1.4 Fletcher and Powell's method.
This method employs a positive definite matrix H, which re-

places the evaluation of the matrix G and its inverse, as need-
ed in the second order move vector method.

initially the matrix H may be set as the identity matrix, and
then by an iterative proceedure, H is made to converge to §-1,
At each iteration H has added a correction which makes it clo-
ser to the value of §'1, which is used to obtain the vector of

oy
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corrections as in the second order move vector technique.

The one-dimensional search for an optimal gain, is now repla-
ced by a cubical interpolation to find the best gaine, where
is the optimum )\. ‘he vector of corrections for a second order

function is therefore expressed as
st = - Hg (1-15)
For a higher order function f the vector of corrections is

‘ézé = -a(iH?gi =octst (1-16)

th

where i denotes the i iteration. The algorithms for correct-

ing H and finding the scalar are given as follows:

o pt e at e Bt (1-17)

I

where

. axtax)! .
TS @ - &) (1-18)

gttt - ghtt! - ghat

B (s;+1 - Ei),gi(gi+l _ gi)

(1-19)

o

The scalar at the ith iteration is given by

(Qi)'gi +w+ 2
=1 - - - (1-20)
miyrst - (gt st + 2w

i
=_
7
where

i .
- minGl - a(f(zo) - fmin(z)) ) (1-21)
?7 ’ (gi)'§i )




&j

o

2= Z0Gg) - 2@ ¢ €8 - @hs (-22)
w= (2 - @ghrstalysh? (1-23)
i_ i i |

x - Eo -l-?_s_ (1"24)

and (gl)' is the transpose of the n-vector whose elements are
given by h; =’2f/by; .

th 1

iteration, then §l+

rrect. Therefore starting with a correct H makes Fletcher and

If gl is correct on the i is also co-

Powell's method converge in only a few steps. Fletcher and Po-

well's method converges in n steps for an n-order vector s.
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CHAPTER 2

THE POWER PROBLEM

2.1 Definition of the error function,

Given an operating electric power system with a certain num-
ber of nodes, and the real and reactive powers at each of then,
the ?roblem is to converge from an assumed set of node voltages,
to an exact solution. We define an exact solution as the set of
node voltages, or vector of voltages, whose corresponding real
and reactive powers at each node match the operating powers.,

This suggests an error definition for a given vector of voltages.
Let Ptj and Qtj

j, respectively, obtained from the operating system. These va-

represent the real and reactive powers at node

lues can be considered as targets for node j. How let Pj and
Qj be the real and reactive powers at node j corresponding to
an assumed set of node voltages. Then the errors in powers at
node j may be defined as

PE. = P, - Pt (2-1)

J

and
QE:j = Q. - Qt, (2=-2)

To converge to an exact solution, it is necessary to minimize
these errors at every node until they become zero.

In order to apply the minimization techniques already men-
tioned, we need to define an error function. It is an absolute
requirement that the minimum of this function corresponds to ze-
ro power errors at every node, and also that its first and sec-
ond partial derivatives with respect to the voltages, exist at
every point. The function selected is

NN
_ 2o 2.2 2 2 _
f = g; (CijPEj + CijQEj)/(Ptj + Qtj) (2-3)
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where

NN = number of nodes

CPj = sensitivity coefficient for real power error at
node j. This value varies between zero and unity
depending on the accuracy of the measurement of

the real power target.

cq

sensitivity coefficient for reactive power error
at node j. 'rhis value varies between zero and
unity depending on the accuracy of the measure-

ment of the reactive power target.

Note that the minimum of this function is zero and corres-
ponds to zero power errors. Also note that the first and sec-
ond derivatives of the power errors with respect to the volta-
ges, correspond to the derivatives of the real and reactive po-
wers with respect to the voltages, which can be determined ana-
lytically and always exist.

The voltages here can be separated in real and imaginary
part, or in magnitude and angle. This last approach is used in
the minimization techniques, where half of the elements of the
n-vector of adjustables x are voltage magnitudes only, and the
other half voltage angles. '

It is also very important to note that a reference angle is
needed at one of the nodes, that is, if one has NN nodes, only
(NN-1) angles are to be corrected, while one is kept constant

throughout all the minimization process.

2.2 A first order approach to the power problem. Newton's me-
thod,
This is actually a modification of Newton's method used to

solve the power problem.
The corrections to voltage magnitudes and angles are found

by a linear approximation, that gives rise to voltages whose po-
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wers match the targets according to this approximation. The ba-
sic relation is

QE (aq/av) : (2Q/04) AV |
-] =~ At — — (2-4)
pE_’ (@P/OV) | (@P/24) OA |

where AV is the NN-vector of voltage magnitude corrections; AA
is the (NN~1)-vector of angle corrections; (9Q/dV) is the NNXNN
matrix of partial derivatives of reactive power with respect to
voltage magnitudes; (9Q/A) is the NNx(NN-1) matrix of partial
derivatives of reactive power with respect to angles; and, simi-
larly, (0P/MOV) is (NN-1)xNN; (OP/dA) is (NN-1)x(NN-1)., These
matrices are evaluated at each iteration. GE and PE are the NN-
vector and (NN-1)-vector of reactive and real power errors res-
pectively. The expression for the corrections is as follows:

AV (asov) | (2q/e)] ~'[gE]
oo e R - (2-5)
Ab (28 /) | @p/en)| | |

If a solution for zero power error exists, and partial de-
rivatives are continuous in the neighborhood of this solution,
which is the case for the power problem, then the method should
converge. If a solution for small GE and PE is the only one
that exists, then the method works well at the first few itera-
tions, but become unstable in the neighborhood of the best so-
lution.

Best results are achieved by adjusting angles alone at odd

iterations, i.e.
DA = - (ap/24)”'pE (2-6)

and adjusting the entire state vector of voltage magnitudes and
angles, on even iterations, except the angle at the reference
node. For even better results the one-dimensional search tech-

nique is also used here.
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CHAPTER 3

THE DIGITAL COMPUTER APPLICATION

3.1 Introduction.

The digital computer was utilized to evaluate the efficiency
of second order minimization techniques when compared to first
order approaches, such as steepest descent and Newton's method,
to obtain the solution of the power problem. ‘he CDC 6400 ma-
chine was used for this purpose.

The data for the power system was an eight node model obtai-
ned from an actual power system in Australia. 'The available
data consisted of the admittance matrix, and the measured real
and reactive powers at each node. It is worthwhile to notice
that any measurement implies some error, so it was expected that
the target powers imply a solution whose minimum error is diffe-
rent from zero. In view of this, the convergence criterion was
also tested using targets with an exact solution, that is, a so-
lution which yields a minimum error equal to zero. These tar-
gets were obtained proceeding backwards, that is, a solution was
assumed and then the real and reactive powers were obtained and
used as targets,

The initial estimate for adjustables in each method was set
with voltage magnitudes equal to 1.0 per unit value, and angles
being equal to -0.,3 radians. The angle at node 8 was held cons-

tant, i.e., chosen as the reference angle.

3.2 Programs tested.

Computer programs were written in order to test the following

techniques:

(a) Newton's method only

(b) Newton's method for the first two iterations and then a
modification of Fletcher and Powell's method. This modi-
fication consists of computing the exact second partial
derivatives of the error function with respect to the ad-

justables, i.e. the matrix G, invert the matrix, and use
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it for the first iteration with Fletcher and Powell's me-
thod, instead of using the unit matrix as the initial H
matrix. -

(c) Newton's method for the first two iterations and then
the second order move vector technique.

(d) Newton's method for the first two iterations and then
Fletcher and Powell's method.

(e) Fletcher and Powell's method only.

(f) Steepest descent method only.

(g) Second order move vector method only.

3.3 Results of the different programs.

The results of the different programs mentioned above, are
shown graphically in figures 3-1 and 3-2, where the plots show
per unit RMS error against computer time in the CDC 6400 machi-
ne, This per unit RMS error, called here EPU, is calculated at
each iteration from the error defined in equation (2-3), and is

given by
EPU = (f/2xNo. of nodes)% (3=1)

The case of an exact solution is considered as a case of well
measured target powers, while the actual case, as a case of not
well measured target powers.

Steepest descent method is not shown in the plots because its
convergence was too slow to be considered together with the other
methods. ''ne second order move vector technique operating alone

is not shown either, since convergence was not achieved because

‘the initial estimate is in a region where the matrix G is not

positive definite. Only the use of the second order move vector
method together with nNewton's method is shown in the plots.

In order of computational speed, for a well rieasured target
set, the methods are (a), (b), (¢), (d), and (e). For a poorly
measured target set, corresponding to actual system data, the
methods in order of computational speed are (b), (c), (a), (e),
and (a). Newton's method was placed last because it did not

calculate the absolute minimum error.

14
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Figure 3-3 is the one-line circuit diagram of the ten-node high voltage
transmission system for New South Wales, Snowny Mountain Scheme, and

Victoria,

Tables I, II, and III show the generator constants, line characteristics,
and peak power flows respectively for the year 1974,

Inertia
Node MW-SEC.

1 5,710
2 8,710
3 2, 640
4 7,110
5 8,090

6 10,530

GENERATOR RATINGS

TABLE I,

Rated X X X X

MVA MW 1 d q d
| Percent of 100 MVA base, |

2350 2000 10,6 10.6 10,6 1.13
2932 2605 7.3 7.3 7.3 0,93
500 450 42,8 42.8 42,8 4.6
1580 1500 5.5 9.7 5.5 2.42
2247 2100 2,7 4,7 2.7 1,26
3000 2710 6.9 6.9 6.9 0.81



Nodes Circuits
12 1
13 2
2 3 4
37 4
4 7 3
45 3
510 2
10 8 2
6 8 6
6 9 1
9 8 3

TABLE II.

Line Characteristics

14-B

Line
" Charging
Capacitance Impedance
per unit admittance
MVARS 100 MVA base |_Percent of 100 MVA base
‘ R X
34 . 34 0. 38 4,15
170 1.7 0.13 1.52
240 2,4 0,07 0.72
225 2,25 0.2 1,73
120 1,2 0.1 1.0
40 .4 0.11 0. 85
95 .95 0.21 1,37
194 1,94 0.46 5.08
60 .6 0. 21 1.48
0 0 0 0. 88
660 6. 6 0,07 1,69
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TABLE III,

[1974 Peak load Power Flows]

Power Flow

Node MW MVAR
1 - Liddell 1920 200
2 Vales Pt. 2300 320
3 Sydney 430 95
3 -5245 0
4 Lower Tumut 1500 . 175
5 Murray 2100 250
6 Latrobe 2600 870
6 -450 -260
7 Yass -490 0
8 Melbourne -3150 -1150

9 Hazelwood 0

10 Dederang 0
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ERROR

o

°

w
1

X NEWTON'S METHOD + FLETCHER AND POWELL'S METHOD

1 FLETCHER AND POWELL'S METHDD ONLY

-MM;....B.B

0 O NEWTON'S METHOD ONLY
A NEWTON'S METHOD + MODIFIED FLETCHER AND POWELL'S METHOD
T Rl ¥ NEWTON'S METHOD + SECOND ORDER MOVE VECTOR

ﬁ "g e é\sl T 1T 17T ]L
minimum error
; } 4 - } t ; + t { —
1.0 2,0 340 1,0 540 6.0 7.0 8.0 9.0 10,0
: SECONDS

Fige 3=2. Convergence to a not well measured target set.
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CHAPTER 4
FINAL COMMENTS

4,1 Conclusions.

From the plots it is seen that Newton's method achieves the
fastest convergence when an exact solution for the system exists.,
In the real case this does not happen, hence Newton's method in
combination with the modified Fletcher and Powell's method, is
the fastest technique to use. In the real case Newton's method
tries to go unstable after seven iterations, but the one-dimen-
sional search for the optimal gain sets this one equal to zero.
So the error remains unchanged after the seventh iteration.

Notice that all the second order techniques converge to exac-
tly the same minimum error, and stay there because the correc-
tions become zero (in computer terms) when the gradient is zero,
i.e., at the bottom of the error surface in the space of adjus-
tables.

The computer programs used are independent of the number of
nodes in the system, however, when a system with large number
of nodes is tested, some of the computations, especially those
involving matrix operations, may become inefficient.

Another problem that arises when the power problem involves
a very large system, is the limitation in core storage in the
computer. This can be solved with an intelligent use of the
magnetic tape available in almost any digital computer facility.

With regard to the power problem itself, the fastest program
may be used to obtain the steady state of the operating system,
either in a pretransient situation, or in the posttransient if
a fault or an intentional cut out accurs. In the posttransient
case, a method might be developed to update all the matrices and
vectors, as left from the last iteration in the pretransient,
without having to calculate them explicitly.

Sparce matrix techniques were not used for the simple case re-
ported here, but should be used for the implementation of these
methods for analysis and control of a large power system.
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A.1 GLOSSARY OF TERMS.

A

AC

AL
ALAMB
ALPHA

ANGDIFF
ANGMACH
ANGTER
AP

AQ

AVEANG
BB
BC

cP
cQ

D
DEL
DELX

DELXO
DEPU
DPDA
DPDV
DQDA

DQDV

ENA
ENORMSQ
EPSI
EPU
EPUS
ETA

F

FAL

G
H

ICOUNT
ICOUNTF

ELEMENT OF THE MATRIX OF SECOND PARTIAL DERIVATIVES OF
THE ERROR FUNCTION WITH RESPECT TO ADJUSTABLESe. IN SUBROU
TINE NEWTON THIS 1S AN ELEMENT OF THE JACOBIAN MATRIX. IN
SUBROUTINE ASSEMAD IT IS AN ALEMENT OF THE ADMITTANCE MA-
TR1Xs WITH REAL PART AR AND IMAGINARY PART Al.

ELEMENT OF ONE OF THE TWO MATRICES OF CORRECTIONS IN SUB-
ROUTINES MODFPOW AND FPOWELLo.

GAIN GIVEN AS AN IMPUT TO SUBROUTINE FUNCT.

GAIN TO BRE USED WITH THE VECTOR OF CORRECTIONS IN NNEWT.
GAIN TO RE USED WITH THF VECTOR OF CORRECTIONS AS GIVEN
FROM SUBROUTINES MODFPOW AND FPOWELL.

DIFFERENCE IN ANGLF BETWEEN TWO NODES.

GENERATOR ROTOR ANGLE.

TERMINAL VOLTAGE ANGLE.

STORAGE OF SECOND PARTIAL DERIVATIVE OF REAL POWER WITh
RESPECT TO ADJUSTABLES,

STORAGE OF SECOND PARTIAL DERIVATIVE OF REACTIVE POWER
WITH RESPECT TO ADJUSTABLES.

AVERAGE ROTOR ANGLE OF GENERATORS.

SCRATCH VARTABLE.

ELEMENT OF ONE OF THE TWO MATRICES OF CORRECTIONS IN sSug-
ROUT INES MODFPOW AND FPOWELLo.

SENSITIVITY COEFFICIENT FOR REAL POWER ERROR.

SENSITIVITY COEFFICIENT FOR REACTIVE POWER ERROR
COMPOSITE CORRECTION FOR ADJUSTABLE.

SCRATCH VARTABLE®

NEGATIVE OF ELEMENT OF THE VECTOR OF CORRECTIONS IN MAIN
PROGRAMe. ELEMENT OF THE GRADIENT IN SUBROUTINE GRADle. SE-
COND ORDER MOVE VECTOR IN SUBROUTINE METHOD.

SCRATCH VARIABLE.

DIFFERENCE IN RMS PER UNIT ERROR IN TWO ITERATIONG.
PARTIAL DERIVATIVE OF REAL POWER WITH RESPECT TO ANGLEe.
PARTIAL DERIVATIVE OF REAL POWER WITH RESPFCT TO VOLTAGE.
PARTIAL DERIVATIVE OF REACTIVE POWER WITH RESPECT TO AN-
GLE.

PART 1AL DERIVATIVE OF REACTIVE POWER WITH RESPECT TO VOL-
TAGE.

TWICE THE NUMBER OF REGULATED VOLTAGE NODES.

ERROR FUNCTION USED BY THE MINIMIZATION TECHNIQUES.
TOLERANCE FOR MINIMUM OF ERROR FUNCTION.

VALUE OF ERROR FUNCTION IN RMS PER UNITe

SCRATCH VARIABLE TO STORE VALUE OF EPU.

PREL IMINARY GAIN IN SUBROUTINES MODFPOW AND FPOWELL

SEND ING-END VOLTAGES RECIPROCAL ADMITTANCE MATRIX L BY M,
VALUE OF ERROR FUNCTION ASSOCIATED WITH GAIN AL IN SUBROU
TINE FUNCTo

RECEIVING END VOLTAGES RECIPROCAL ADMITTANCE MATRIX L BY
M, SCRATCH VARIABLE IN MODFPOW AND FPOWELL.

F-G

COUNTER OF NUMBER OF ITERATIONS IN MAIN PROGRAM.

LOCAL COUNTER FOR SUBROUTINES MODFPOW AND FPOWELL.
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IE

INDEX
IRROR
JCOUNT

K
L

LC
LN
M

MD

N

NF

NM

NN
NODES
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COUNTER OF THE NUMBER OF TIMES EPU HAS NOT CHANGED MORE
THAN E-04 »

COUNTER OF NUMBER OF ERROR FUNCTIONS,

DETECTOR FOR SINGULARITY OF MATRICES.

COUNTER OF NUMBER OF CARDS READ AS MACHINE CHARACTERIS-
TICS.

SCRATCH VARIABLE TO SKIP THF USE OF SUBRQUTINE ESPD.
NUMBER OF MACHINES WITH VOLTAGE REGULATORS. MAXIMUM NUM-
BER OF ITERATIONS IN SUBROUTINE ODSe.

NUMBER OF CIRCUIT LOST,

NUMBER OF LINE LOST,

MAXIMUM NUMBER OF ITERATIONS IN MAIN PROGRAM, NUMBER OF
MACHINES WITH VOLTAGE REGULATORS IN SUBROUTINE ASSEMAD.
NUMBER OF REGULATED VOLTAGF NODFS.

DIMENSION OF VECTOR OF ADJUSTABLES.

NUMBER OF ERROR FUNCTIONS TO USEe.

NUMBER OF GENERATORS.

SCRATCH VARTIABLE.

TOTAL NUMBER OF NODES.,

POWER BASE IS 100 MEGAWATTS.

PE
POWER
POWERS
PSPIN
PTAR
QE
QTAR

R
RATEFQ
RNI

RNR

ROIN
RZ
S

SUMIN
SUMLOSS
SUMP
SUMQ
SUMVA
TOLER
TOTALP
TOTALPI
TOTALPO
TOTALQ
TOTALVA
UMI

UMR
VAMPS
VAR
VARS

ERROR IN REAL POWER.

COMPUTED REAL POWER AT EACH NODE,

COMPUTED REAL POWER AT EACH NODE.

MAXIMUM REAL POWER AVAILABLE FROM EACH GENERATORe

REAL POWER TARGET AT EACH NODE.

ERROR IN REACTIVE POWER,

REACTIVE POWER TARGET AT EACH NODE,

RECIPROCAL ADMITTANCE REGULATED VOLTAGES.

RATE OF CHANGE OF FREQUENCY IN PERCENT PER SECONDe.
IMAGINARY PART OF ADMITTANCE BETWEEN TWO REGULATED VOLTA-
GE NODES.

REAL PART OF ADMITTANCE BETWEEN TWO REGULATED VOLTAGE NO-
DESe

ROTOR INERTIAe GIVEN IN 100 MEGAWATT-SECOND STORED ENERGY.
REAL PART OF INTERNAL IMPEDANCE.

ELEMENT OF VECTOR OF CORRECTIONS IN SUBROUTINES MODFPOW
AND FPOWELLo,

SUM OF INERTIAS OF MACHINES.

SUM OF REAL POWER LOSSES IN THE SYSTEM.

SUM OF REAL POWER TARGETS.

SUM OF REACTIVE POWER TARGETSe.

SUM OF VOLTAMPERE TARGETS.

TOLERANCE FOR SMALLEST INTERVAL IN SUBROUTINE ODSe.

SUM OF COMPUTED RFAL POWERS.

SUM OF REAL POWER INPUTS TO THE SYSTEM.

SUM OF REAL POWER OUTPUTS FROM THE SYSTEM.

SUM OF COMPUTED REACTIVE POWERS.

SUM OF COMPUTED VOLTAMPERES,

IMAGINARY PART OF THE CURRENT AT EACH NODE.

REAL PART OF THE CURRENT AT EACH NODE.

COMPUTED VOLTAMPERES AT EACH NODEe.

COMPUTED REACTIVE POWER AT FACH NODE.

COMPUTED REACTIVE POWER AT EACH NODE.
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VATAR
Vi

VM
VM1
VMR
VR
VREF
X

XMAX
XZ
YMAX

M1
ZMR
Z1
ZR
2z
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VOLTAMPERE TARGET AT EACH NODEe.

IMAGINARY PART OF TERMINAL VOLTAGE,

MAGNITUDE OF MACHINE VOLTAGE.

IMAGINARY PART OF MACHINE VOLTAGE,

REAL PART OF MACHINE VOLTAGE.

REAL PART OF TERMINAL VOLTAGE.

MAGNITUDE OF TERMINAL VOLTAGE.

ELEMENT OF VECTOR OF ADJUSTABLES. REACTANCE OF TRANSMI-
SSION LINES IN SUBROUTINE ASSEMADe.

OPTIMAL GAIN GIVEN BY SUBROUTINE ODS.

IMAGINARY PART OF INTERNAL IMPEDANCE.

MINIMUM VALUE OF ERROR FUNCTION ASSOCIATED WITH THE OPTI-
MAL GAIN IN SUBROUTINE ODS.

SYNCHRONOUS REACTANCE OF GENERATOR.,

RESISTANCE OF GENERATOR.

INVERSE ADMITTANCE MATRIXs IMAGINARY PART.,

INVERSE ADMITTANCE MATRIXs REAL PART.

ABSOLUTE VALUE OF INTERNAL IMPEDANCE.

ORDER OF NUMBERING NODES.

oMM pP WUN~=O

GROUND OR REFERENCE NODE
LIDDELL EXCITATION

WANGI EXCITATION

SYDNEY EXCITATION

LOWER TUMUT EXCITATION
MURRAY EXCITATION
LATROBE EXCITATION

LIDDELL TERMINALS
WANGI TERMINALS
SYDNEY TERMINALS
LOWER TUMUT TERMINALS
MURRAY TERMINALS
LATROBE TERMINALS
YASS

MEL BOURNE

HAZELWOOD

DEDERANC

QUVO~NOWVP WNH

—

VALUES FOR 1974 PEAK LOAD
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Subroutine

MODFPOW

MTINV

MTINV1

MTMPB

NEWTON

NNEWT

2l

Function

Computes vector of corrections using a
modification to Kletcher and Powell's
method. The modification consists of
using the matrix of exact second partial
derivatives as the Hessian matrix for
the first iteration, instead of the unit
matrix. The following iterations are
performed according to the original me-
thod. ‘he optimal gain is also obtained
here using cubical interpolation.
Inverts a real matrix and the”solution
to a system of linear eguations can also
be obtained.

Uses common blocks in MTINV for -particular
purposes in connection with the main pro-
gram.

Multiplies two square matrices.

Computes vector of corrections using New-
ton's method applied to power systems.
At odd iterations only corrections for
voltage angles are obtained. At even
iterations the entire state vector is co-

rrected.

Main program. It obtains the operating
state of a power system given an initial
estimated state using error function mini-
mization. The program employs the follow-
ing minimization techniques:
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Subroutine

0DS

REST

25

Function

(a)
(b)

(c)

(d)

(e)

(f)
(g)

NNEWT1. Newton's method only.

NNEWT2. Newton's method for the first
two iterations and modified Fletcher
and Powell's method for the following
iterations.

NNEWT3. Newton's method for the first
two iterations and the second order
move vector technique for the follow-
ing iteratioms.

NNEWT4. Newton's method for the first
two iterations and Fletcher and Powell's
method for the following iterations.
NNEWT5. Fletcher anc Powell's me-
thod only.

NNEWT6., Steepest descent method only.
NNEWT?7. Second order move vector on-
ly.

Performs a one dimensional search along

the curve error vs. gain in order to ob-

tain the optimal gain to be used together

with the vector of corrections. 7The tech-

nique employed is the golden mean, deriv-

ed from the Fibonacci numbers.

Computes the value of the error function

for a given n-vector of adjustables X.



A.3 Computer time for selected subroutines on

CDC 6400,

Subroutine

ASSEMAD

CMINV

CMINV

ESPD

FPOWELL

GRAD1

METHOD

MODFPOW

MODFPOW

Operation

Obtention of 8 by 8 complex
admittance matrix of regula-
ted voltage nodes, including

printings.

Inversion of 10 by 10 com-

plex matrix.

Inversion of 8 by 8 complex

matrix.

Computation of 15 by 15
matrix of second partial

derivatives.

Calculation of 15 correc-

tions and optimal gain.

Computation of 15 first
patial derivatives.

Calculation of 15 correc-

tions.

Calculation of 15 correc=-

tions in first iteration.

Calculation of 15 correc-
tions in subsequent itera-

tions.

Time in seconds

0.540

0.206

0.114

0.466

0.124

0.082

0.006

0.640

0.124
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Subroutine

MTINV and
MTINV1

MTINV and
MTINV1

NEWTON

NEWTON

ODS and
INTER
FUNCT

REST

Operation

Inversion of 15 by 15

matrix.

Inversion of 7 by 7 ma-

trix.

Computation of 7 correc-
tions.,

Computation of 15 co-

rrections.

Calculation of optimal
gain for vector of 15
corrections. Tolerance=
1073.

Computation of value of
error function for 16
variables.,

Time in seconds

0.176

0.022

0.030

0.186

0.182

0.009
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“£ "A.4y Flow diagrams and listing of programs.,

SUBROUTINE ASSEMAD(RNR,RNI)

/ﬁead number of external nodes
without voltage regulator, num-
ber of faulted lines, number of
machines, number of regulated
voltage nodes, and total num-

ber of nodes.

A

Read each line impedance from
cards.

W

(ﬁead line capacitive admittan-
| ce at end nodes, and per unit

lloads as admittances to ground.

|

Print admittance matrix of

nodes.

CALL CMINV(AI,AR,2I,ZR,N,IRR)

Calculate inverse of admittan-

ce matrix.

» )

Print inverse node admittance

matrix, and impedance matrix

of .regulated voltage nodes.

28
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CALL CMINV(RR,RI,RNR,RNI,MD,IRR)

Calculate inverse of impedance

matrix of regulated voltage nodes.

Print admittance matrix of regu-

lated voltage nodes.

\

Calculate internal impedance of

power network.

|

Print internal impedance of po-

wer network.

ead table defining order of
faulted lines.

Print table defining order of

faulted lines.

29
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SUBROUTINE ASSEMAD(RNRsRNI)
********************************************************************
#*THIS SUBROUTINE RFADS IMPEDANCES OF TRANSMISSION LINES AND COMPU~ *
#TES THE IMPEDANCE AND ADMITTANCE MATRICES OF THE POWER SYSTEM. 1T *»
#1S USED BY THE MAIN PROGRAM TO OBTAIN THE ADMITTANCE MATRIX OF RE-#*
*GULATED VOLTAGE NODES. *
*************************************,*******************************

DIMENSION RR(S’B),RI(B,S)’RNR(S’S)ORNI(898)QRCR(898’9RCI(8’8)

DIMENSION JF(8)sJG(8)

DIMENSION AR(10510)9AI(10510)sZR(10910)5Z1(10+10)

DIMENSION CZR(8s8)sCZ1(8+8)

DIMENSION ZCR(8)52C1(8)52CZ(8)

D NUMBER OF EXTERNAL NODES WITHOUT VOLTAGE REGULATORS

L NUMBER OF FAULTED LINES

M NUMBER OF MACHINES

N 1S NUMBER OF NODES

MD = M+D

CAUTION, DO NOT CHANGF VALUES OF L o Ms AND NODES IN PROGRAM

THESF ARE RESERVED FOR CONSTANTS

READ 302sDsLsMsMDyNODES

FORMAT (515)

N = NODES

NS = NODES#NODES

CLEARING TO ZEROs HOUSEKEEPING

NO 2 K = 1sNS

AR (K)

AT (K)

ZR(K)

21(KY=0

CONTINUE

READ EACH LINE IMPEDANCE FROM CARDS

READ 555J9KsRsXsKK

FORMAT (21592F15.6335Xs15)

DZ= R#*¥R + X#¥X

AR(JsK) AR(JsK) =R/DZ

AT (JeK) AT(JsK) + X/DZ

IF(KK)B8T7+52+87

READ LINE CAPACITIVE ADMITTANCE AT END NODESs B IS POSITIVE

LOADS NEAR GENERATORS ARE REPRESENTED BY ADMITTANCES K=1+NODES

READ PERUNIT LOADS AS ADMITTANCES TO GROUND FROM CARDSe. NEG B IS L

READ 559J9KsAsBsKK

AR(JeJI=AR(JoJ) +A

AT(JsJ)=AT(JsJ)+B

IF(KK)88,87,88

CONTINUE

ADMITTANCE MATRIX WILL BE FILLED OUT BY THE FOLLOWING

NN = NODES -1

0
0
0

DO 101 I = 1s NN

11T =1 + 1

PO 101 J = I1s NODES
AR(Js1) = AR(1,J)

AT(Js1) = AI(I»J)

AR(1,1) = AR(IsI) = AR(IsJ)
AT(Is1) = AI(ISI) = AI(IsJ)
AR(JsJ) = AR(JsJ) = AR(IsJ)
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101

120

121
122
123
313

124
316

330

126

131
2999

140

141

142
143

144
317

147
149

150

151

152
153

154

160

31

AT(JeJ)=AT(JsJ)=AT(]+J)

PRINT 120

FORMAT(//20Xs27H ADMITTANCE MATRIX OF NODES /)
DO 124 KA=1ls NODES, 4

IF (KA+3-NODES)1225121»121

KR=NODES

GO TO 123

KB=KA+3

PRINT 313 (JCHsJCH=KA,KB)

FORMAT(/4130/)

DO 124 J=1,s NODES

PRINT 3165 Js (AR(JsK)s AI(JoK)s K=KAsKB)
FORMAT(15s4(F17.29F1342))

PRINT 330

FORMAT (//)

CALCULATION OF INVERSE ADMITTANCE MATRIX
DO 126 J=19NS

AT(J)==A1(D)

N=NODES

SET DIMENSIONS IN SUBROUTINES TO N THIS NOT AUTOMATIC
CALL CMINV(AI sARsZIsZRsNsIRR)

DO 131 J=1sNS

ZR(J)Y==ZR(J)

PRINT 2999

FORMAT(1H1)

PRINT 140

FORMAT (//20Xs32H INVERSE NODE ADMITTANCE MATRIX /)
DO 144 KA=1,NODESs4
IF(KA+3-NODES ) 14251415141

KB=NODES

GO TO 143

KB=KA+3

PRINT 3135 (JCH»JCH=KAyKB)

DO 144 J=1sNODES

PRINT 317»s Js (ZR(JsK)sZI1(JsK)s K=KAsKB)
FORMAT(1554(F17.65F1346))

DO 149 J=1sMD

DO 149 K=1sMD

RR(JsK)=ZR(J9sK)

RI(JsKI=ZI(JsK)

PRINT 150

FORMAT (43H1IMPEDANCE MATRIX R REGULATED VOLTAGE NODES /7)
DO 154 KA=1,MD,4

IF(KA+3=MD)152,151+151

KB=MD

GO TO 153

KB=KA+3

PRINT 313s(JCHsJCH=KAsKB)

DO 154 J=1sMD

PRINT 317sJs(RR{JsK)9RI(J9K) sK=KAsKB)

N=MD
CALL CMINV(RRSRIsRNRSRNIsMDsIRR)
PRINT 160 :

FORMAT(//45H ADMITTANCE MATRIX RN REGULATED VOLTAGE NODES
DO 164 KA=1sMDs4

/7)
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161

162
163

164

165

401

404

324

418

419

327

328

IF(KA+3-MD) 16251615161

KR=MD

GO TO 163

KB=KA+3

PRINT 3135 (JCHsJCH=KA»KB)

DO 164 J=1sMD

PRINT 3169J9s (RNR(JsK) sRNI (JsK) sK=KAsKB)
BASE=0

DO 165 J=1sMD

QD=RNR{J s J)#RNR(Js J)+RNI (Js JI¥RNT(JsJ)
BASE=BASE-+QD

ZCR(J)=RNR(Js+J)/QD

Z2CItJ)= =RNI1(J»J)/QD

2CZ(J)=SQRT(ZCR(J)##2 + ZCI(J)*¥*¥2)
BASE=SQRT (MD/BASE)

PRINT 2999

PRINT 1

FORMAT(/)

PRINT 401

FORMAT(/37H INTERNAL IMPEDANCE OF POWER NETWORK /)
PRINT 404

FORMAT (38H Z2=1CZ R=ZCR X=2CI )
PRINT 324> (Js2CZ1J)9ZCR(J)»ZCI(J) sJ=15MD)
FORMAT(1593F11le4)

PRINT 1

PRINT 418

FORMAT(/46H NODE CONNECTION VECTORS OF TRANSMISSION LINES
PRINT 4195 (JXsJX=1sL)

FORMAT (5H LINE 2415)

READ TABLE DEFINING ORDER OF FAULTED LINES
READ 327s (JF(LN)sLN=1sL)

FORMAT (1615)

READ 3275 (JG(LN)sLN=1sl)

PRINT 3285 (JF(LN)sLN=1sL)

FORMAT (SH NODE 2415)

PRINT 3285 (JG(LN)sLN=1L)

RETURN

END
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SUBROUTINE CMINV(AsBsCsDsNoIRR)

DIMENSION A(NsN)sB(NsN)sCINsN)sD(NoN)

DIMENSION DUMY(10)

DUMY REFERS TO A VECTOR USED WITH VARIABLE DIMENSION IN MTMPBe.
DIMENSION IPIV(10)sIND(10s2)

IPIV AND IND HAVE VARIABLE DIMENSION IN SUBROUTINE MTINV.
A AND B ARE NXN MATRICES CONTAINING THE REAL AND IMAGINARY PARTS
C AND D WILL CONTAIN INVERSE.

IRR WILL BE NON ZERO IF MATRIX IS SINGULAR

L=1

DO 10 I=1sN

DO 10 J=1HN

D(IsJ)==A(IsJ)

INVERT -A

CALL MTINV(DsNsCsO0sDUMSsIRRSIPIVeIND)

CHECK A NON -SINGULAR

IF (IRRY 70420970

COMPUTE C=(A+B*A(-1)%#B)(-1)

CALL MTMPB(BsDsDsNsNsNsDUMY)

CALL MTMPB(DsBsCsNoNsNsDUMY)

DO 30 I=1sN

DO 30 J=1»sN

ClIsJ)=A{T9J)-=ClIsJ)

CALL MTINV(CsNsDsOsDUMsIRRSIPIVsIND)

CHECK THAT C EXISTS

IF(IRR)Y 404504540

IRR=2

RE TURN

COMPUTE D==-C#B#A(-1)

CALL MTMPB(CsD9sDsNsNsNsDUMY)

GO TO (605100)sL

SUCCESSFUL INVERSION

RETURN

A IS SINGULARs INTERCHANGE A AND B AND TRY AGAIN.
DO 80 I=1sN

DO 80 J=1sN

DUM=A(T1,J)

AlT»J)=B(IsJ)

B(IsJ)=DUM

IF L=2s A AND B ARE BOTH SINGULAR. IRR=1l

IF(L=2) 90560560

L=2

GO TO 5

INTERCHANGE A AND Bs C AND D WITH CHANGED SIGNS.
DO 110 I=1sN

DO 110 J=1sN

DUM=A(1+J)
A(l9J)=B(IsJ)
B(IsJ)=DUM
DUM==C(1+J)
ClIsJ)==D(15J)
D(IsJ)=DUM

GO TO 60

END



SUBROUTINE ESPD(K)

Is K less than or equal YES T/p‘\}
02 2 ETURN

NO

‘

Select a pair of adjustables,

i.e., Xy and X,

Compute the second partial
derivatives of the real and
reactive power at node j,
with respect to chosen pair.

|

Have all the nodes been ta- YES
(ken into account ? : 1

Combine the contribution of
the two partials in formula
for second partial deriva-
tive of error function with
respect to chosen adjusta-
bles.

1

¥

Store element of matrix

of second partials in A.

34
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/Have all the combinations OE\\l__
(\zﬁirs of adjustables been ta- | gga—<:>

en into account ?

YES

\

matrix of second partials
using its symetry.

ETURN,

Obtain remaining elements of|

35
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SUBROUTINE ESPD(K)
********************************************************************
*#THIS SUBROUTINE CALCULATES THE EXACT SECOND PARTIAL DERIVATIVES OF#*
#THE ERROR FUNCTIONs DEFINED IN SUBROUTINE RESTs WITH RESPECT TO  #*
*THE ELEMENTS OF X (ADJUSTABLES)e THE OUTPUT IS THE MATRIX OF SEC- ¥
*OND PARTIAL DERIVATIVESs AND IS STORED IN As | *
********************************************************************

COMMON INDEX

COMMON/SHARE /X (100) sDEL(100) sA(100+100) sN

COMMON/CRST/DELX (100) s DELX0(100)

COMMON/ADMIT/RNR(858) sRNI (858) sMD

COMMON/COSTS/CP2(8)5CQ2(8)

COMMON/TAR/PTAR(8) sQTAR(8) sVATAR(8)

COMMON/DERIV/DPDV(85s8) sDPDA(858) sDQDV (858) sDQDA(858)

COMMON/ERROR/PE (8) sQE( 8)

DIMENSION AP(20520)5AQ(20520)

IF{KoLE221GO TO 100

DO 100 M=1sN

ML=M
DO 100 L=MLSsN
A(MsL)=0

DO 200 J=1sMD

IF(LoLEoMD)2+3

LL=L

GO TO 4

LL=L~-MD

IF(MoLEoMD)5+6

MM=M

GO TO 7

MM=M-MD

IFILL.EQoMM)B,9

IF(JoEQolLL)10,11

IF(LoLEoMD)12513

AP(MoL)=2%#RNR(LsL)

AQ(MsL)=—2.#RNI(LsL)
A(M9L)=A(M9L)+(CP2(J)*(PE(J)*AP(M9L)+DPDV(JoM)*DPDV(JoL))+CO2(J)*(
1QE(J)*AQ (ML) +DQDV(JsMI*¥DQADV(JsL) ) )1 #1 e /VATAR(J) *%2

GO TO 200

IF(MoLEoMD)14515

AP(MsL)=0

AQ(M,L)=0

DO 16 K=1,MD

IF(KoEQolLL)16517

KA=K+MD
AP(MvL)=AP(M9L)+X(K)*RNI(LLsK)*COS(X(L)-X(KA))-X(K)*RNR(LL,K)*SIN(
IX(L)=X(KA))
AO(M;L)=AO(M9L)+RNR(LL9K)*X(K)*COS(X(L)—X(KA))+RNI(LLqK)*X(K)*SIN(
IX(L)=X(KA))

CONTINUE
A(MqL)=A(M9L)+(CP2(J)*(PE(J)*AP(M9L7+DPDV(JsM)*DPDA(JoLL))+COZ(J)*
1(QE(J)*AQ(MsL)+DQDV(Js M) #DGDA(JsLL) ) ) ¥1o/VATAR(J) *¥#2

GO TO 200

AP(MsL)=0

AQ(MysL)=0

DO 18 K=1sMD
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IF(KeEQolLL)18419
19 KA=K+MD
AP(M;L)=AP(M9L)+X(LL)*(—RNI(LLsK)*X(K)*SIN(X(L)—X(KA))—RNR(LLvK)*X
1(KI#COSIX(LY=-X(KA)Y))
AQ(M,L):AQ(M»L)+X(LL)*(-RNR(LL,K)*X(K)*SIN(X(L)-X(KA))+RNI(LL,K)*X
1(K)#COSIX{L)=-X{KA)))
18 CONTINUE
22 A(MsL)=A(M9L)+(CP2(J)*(PE(J)*AP(MyL)+DPDA(J9MM)*DPDA(J9LL))+COZ(J)
1*(OE(J)*AQ(M9L)+DODA(JyMM)*DQDA(JqLL)l)*lo/VATAR(J)**Z
GO TO 200
11 IF(LeLEoMD)23 524
23 AP(M,L)=0
AQ(MsL)=0
GO TO 20
24 1IF(MLE.MD)25+26
25 JA=J+MD
AP(M,L)=X(J)*(RNR(JsLL)*SIN(X(JA)-X(L))—RNI(JsLL)*COS(X(JA)-X(L)))
AQ(MoL)=-X(J)*(RNR(J;LL)*COS(X(JA)—X(L))+RNI(JsLL)*SIN(X(JA)-X(L))
1)
GO 70 21
26 JA=J+MD
AP(M,L)=X(J)*X(LL)*(-RNR(JsLL)*COS(X(JA)—X(L))-RNI(JoLL)*SIN(X(JA)
1-X(L)))
AO(MoL)=—X(J)*X(LL)*(RNR(JoLL)*SIN(X(JA)—X(L))-RNI(J;LL)*COS(X(JA)
1-X{(L)))
GO TO 22
9 IF(JoEQoLL)27528
27 IF(LoLEaMD)29,+30
29 LA=L+MD
MA=M+MD
AP(MsL)=RNR(L9M)*COS(X(LA)-X(MA))+RNI(LQM)*SIN(X(LA)-X(MA))
AQ(MeL)=RNR(LoM)*SIN(X(LA)—X(MA))—RNI(L,M)*COS(X(LA)-X(MA))
GO TO 20
30 IF(MoLEoMD)31+32
31 MA=M+MD
AP(M,L)=X(LL)*(RNI(LL»M)*COS(X(L)—X(MA))—PNR(LLoM)*SIN(X(L)-X(MA))
1)
AQ(MoL)=X(LL)*(RNR(LLoM)*CCS(X(L)“X(MA))+RNI(LL’M)*SXN(X(L)-X(MA))
1)
GO TO 21
32 AP(M»L)=X(LL)*X(MM)*(RNI(LL;MM)*SIN(X(L)—X(M))+RNR(LL9MM)*COS(X(L)
1-X(M)))
AO(MoL)=X(LL)*X(MM)*(RNR(LLsMM)*SIN(X(L)—X(M))-RNI(LL;MM)*COS(X(L)
1-X(M)))
GO TO 22
28 IF(JoEQoeMM) 33,4534
33 IF(LoLEsMD)35,936
35 JA=J+MD
LA=L+MD
AP(M.L)=RNR(JoL)*COS(X(JA)—X(LA))+RNI(J»L)*SIN(X(JA)-X(LA))
AQ(M;L)=RNR(J9L)*SIN(X(JA)»X(LA))—RNI(J»L)*COS(X(JA)-X(LA))
GO TO 20
36 IF(MoLE.MD)37+38
37 JA=J+MD
AP(M.L)=X(LL)*(RNR(JoLL)*SIN(X(JA)-X(L))—RNI(JoLL)*COS(X(JA)-X(L))
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1)
AQ(MoL)=-X(LL)*(RNR(JsLL)*COS(X(JA)-X(L))+RNI(JQLL)*SIN(X(JA)‘X(L)
1))

GO TO 21

JA=J+MD
AP(M;L)=X(J)*X(LL)*(RNR(JaLL)*COS(X(JA)—X(L))+RNI(JaLL)*SIN(X(JA)-
1X(LY))
AQ(MgL)=—X{J)*X(LL)*(—RNR(JyLL)*SIN(X(JA)—X(L))+RNI(J9LL)*COS(X(JA
1)-X{L)Y)) '

GO TO 22 i

IF(LosLEeMD)39540

AP(MsL)=0

AQ(M,oL)=0

GO TO 20

IF(MoLEoMD)Y4&1 642

AP(MsL)=0

AQ(MsL)=0

GO TO 21

AP(M,L)=0

AQ(MaL)=0

GO TO 22

CONTINUE

A{MsL)=2o%A(MsL)

AlLsM)=A(MoL)

CONTINUE

RETURN

END

n

et
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SUBROUTINE FPOWELL (ICOUNT,TOLER,ALPHA)

C

Is this the first iteratioﬁ\\No

with this method ? 4

YES

Set inverse of Hessian matrix

equal to unit‘matrix.

ot

|

Obtain vector of corrections

(s)e

\

Correct inverse of He-
ssian matrix using vec-
tor of corrections (s)
and the difference be-
tween old and new gra-

dients.

Compute inner product s'g(x).

\

Obtain value of error for

adjustables at this iteration.

|

%

Obtain value of preliminary
gain (ETA).

|

Calculate vector y = x =778

i

Compute error for y and the asso- |

ciated gradient g(y).

i

i

Compute inner product s'g(y).




Y

) @

Calculate optimal gain
(ALPHA) .

i

Obtain negative of corrections
(DELX) .

40



s

aNaNaXaNaka

17

18

19

20

21

22

23
24

4]

SUBROUTINE FPOWELL(ICOUNTsTOLERsALPHA)
o 363636 36 36 36 30 36 3 3 36 % 36 36 3 36 364096 6 3 36 36096 36 3 33 3 930 30 3636 36 30303 36 56 3636 3636 30 0 36 36 36 3836 33N 303K

#THIS SUBROUTINE COMPUTES THE CORRECTIONS FOR VECTOR X BY MEANS OF *

*FLETCHER AND POWELLS METHODe

#1S STORED IN DELX AND THE OPTIMAL GAIN IS OBTAINED BY A CUBICAL

THE NEGATIVE OF THE CORRECTIONS

# INTERPOLATION AND STORED IN ALPHA.

63 36 3 36 36 36 36 36 36 3 36 330 336 36 3638 38 36 3 96 396 30 T 303 3363 36 3 3 303050 3 3 306 I 30303 3 K I BRI KA
COMMON/SHARE/X(100)sDEL(100)5sA(1005100) 5N
COMMON/CRST/DELX(100) sDELX0(100)
COMMON/FLET/G(2U)9S(20)sAC(20+20)5sBC(20520) » ICOUNTF

ICOUNTF=ICOUNTF+1
IF(ICOUNTFoEQol)1s2

DO 3 I=1sN

DO 3 J=1sN

IF(I.EOOJ)495

A(TIsJ)=1e

GO 70 3

A{I+J)=00

CONTINUE

GO TO 24

DO 16 I=1sN
G(I)=DELX(I)=G(I)

DO 17 I=1sN

DELXO(I)=N,

DO 17 J=1sN
DELXO(I)=DELXO(I)+A(] +J)*G(J)
PRODB=0.

DO 18 I=1»sN
PRODB=PRODB+G (1) *¥DELXO(I)
PRODA=0.

DO 19 I=1»N
PRODA=PRODA+DEL(TI)Y#G(]I)
DO 20 I=1sN

DO 20 J=1»N
AC(I+J)=DEL(I)*DEL(J)/PRODA
DO 21 I=1sN

DEL(I)=0o

DO 21 J=1sN
DEL(I)=DEL(I)+A(JsI)%G(J)
DO 22 I=1sN

DO 22 J=1sN

BC(IsJ)=—DELXO(I)*DEL(J)/PRODB

DO 23 I=1sN

DO 23 J=1sN
AlTsJ)=A(TsJ)+AC(II+J)+BC(15J)
DO 6 1=1sN

S(1)=0,

DO 6 J=1»N

S(I)=S(I)+A(] s J)*DELX(J)

DO 7 I=1sN
S(I)=-S(1)

PRODX=0o

DO 8 I=1sN
PRODX=PRODX+S(1)*DELX(I])
CALL RESTI(EX)

*
#*
*
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ETA==20*EX/PRODX

ETA=AMIN1(1a9ETA)

DO 9 I=15N

DEL(I)=X(I)

DO 10 I=1sN

X(I)=X{I1)+ETA*S(1)

CALL REST(EY)

DO 13 I=1sN

G(1)=DELX(I)

CALL GRAD1

DO 12 -I=1»sN

X{I)y=DEL(I)

PRODY=0.

DO 11 I=1oN

PRODY=PRODY+DELX(I)*S(1I)

DO 15 I=1sN

DELX(I)=-S(I)
2=(3./ETA)*{EX-EY)+PRODX+PRODY
DISC=2##2-PRODX*PRODY
IF(DISCoLTo06)GO TO 30

W=SQRT(DISC)
ALPHA=ETA#{1o~{(PRODY+W=Z)/ (PRODY=-PRODX+2s%W))
GO TO 31

CALL INTER(AA,BB)

PRINT 32

FORMAT (/% ODS IS PERFORMED SINCE DISCRIMINANT IS NEGATIVE¥*/)
CALL ODS(AAsBBsTOLERs1009sALPHASFMAX)
DO 14 I=1sN

DEL(I)=ALPHA#S5(I)

‘RETURN

END



SUBROUTINE FUNCT(AL,FAL)

in scratch location.

LStore vector of adjustables

1

Correct vector of adjusta=

bles using vector of correc-

tions and given gain AL.

!
CALL REST(VAL)
Compute new error.

FAL = - VAL

\

Reset adjustables to origi-

nal values.

* The minus sign appeans because subroutines
INTER and ODS are written for maximizing

and here we want to minimize,

43
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SUBROUTINE FUNCT(ALsFAL)
36 336 36 96 3636 40 336 36 36 36 336 5 36 36 3636 36 36 336 36 6 36 3 336 36 36 3636 3636 3 9 36 303636 36 36 359636 3 96 I 369696 I K36 3 K KR
*#THIS IS AN AUXILIARY SUBROUTINE FOR THE ONE-DIMENSIONAL SEARCH. *
#THIS SUBROUTINE CALCULATES THE ERROR FOR DIFFERENTS VALUES OF THE #
¥GAIN LAMBDA. *
26 38 36 36 3636 36 36 36 3 30 30 38 3 36 36 36 36 98 96 30 36 30 3636 369 38 3 33 00 30 36 30 36 36 5 36300 S 33090 0 F 300 030 30 I3 e

COMMON INDEX

COMMON/SHARE/X(100)sDEL(100)5sA(1005100) N

COMMON/CRST/DELX(100)sDELX0(100)

DO 20 J=1sN

DEL(J)=X{J)

X(J)=X(J)=AL*¥DELX(J)

CALL REST(VAL)

FAL==1e%*VAL

DO 30 J=1sN

X(J)y=DEL(J)

RETURN

END



‘(.%

SUBROUTINE GRAD1

Transform vector of adjust-
ables into terminal voltages
and terminal angles.

Calculate node currents.

Calculate real and reactive
powers, and power errors, at

each node.

N

For each node, compute the
following four vectors: par-
tial derivatives of real power
w.r.t. voltages, of real power
w.r.t. angles, of reactive po-
wer w.r.t. voltages, and of

reactive power w.r.t. angles.

!

{

Combine all thé vectors of first partial
derivatives to obtain the vector of
first partial derivatives of error fun-
ction w.r.t. adjustables (gradient).

"

45
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SUBROUTINE GRAD1
********************************************************************
*#THIS SUBROUTINE CALCULATES THE VECTOR OF FIRST PARTIAL DERIVATI- *
*VES OF ERROR FUNCTION WITH RESPECT TO THE VECTOR Xe THE OUTPUT *
* (GRADIENT) IS STORED IN DELX AND DELXO. ALSO FIRST PARTIALS OF P *
*AND Q WoReTe VOLTAGES AND ANGLES ARE STORED IN THE COMMON BLOCK  *
*DERIVs AND POWER ERRORSs PE AND QEs IN COMMON BLOCK ERROR. *
********************************************************************

COMMON/SHARE/ X(100) sDEL (100} sA(1005100) N

COMMON/CRST/DELX(100) s DELXO0(100)

COMMON INDEX

COMMON/ADMIT/RNR(858) sRNI (858) sMD

COMMON/COSTS/CP2(8)5CQ2(8)

COMMON/TAR/PTAR(8)sQTAR(8) s VATAR(8)

COMMON/DERTV/DPDV(858) sDPDA(858) sDQDV (858) sDQDA (85 8)

COMMON/ERROR/PE (8) sQE(8)

DIMENSION VREF(8)sANGTER(8)sVR(8)sVI(8)sUMR(8)sUMI(8)

DIMENSION ANGDIFF(8s8)

DO 20 J=15MD

VREF(J)=X(J)

JA=J+MD

ANGTER(J)=X(JA)

DO 206 J=1sMD

VR(J)=VREF (J) *COS(ANGTER(J))

VI(J)=VREF (J) *SIN(ANGTER(J))

DO 207 J=1sMD

UMR (J) =0

UMI(J)=0

DO 207 K=1sMD

UMR (J)=UMR (J) +RNR (JsK) *¥VR (K)~RNI (JsK) *VI(K)

UMI (J)=UMI (J)+RNR{JsK)#VI (K)+RNI (JsK) #VR(K)

DO 511 J=1sMD

VAR=VI (J)*¥UMR (J) =VR( J) *UMI ( J)

QE (J) =VAR-QTAR(J)

POWER=VR (J)#UMR(J)+VI (J) #UMI (J)

PE(J)=POWER-PTAR (J)

DO 1210 J=1sMD

DO 1210 K=1,MD

ANGDIFF (JsK)=ANGTER(J)~ANGTER(K)

DO 1230 J=1sMD

DO 1230 K=1sMD

IF(JoEQeK)123051215

DPDV(JsK)=VREF (J) % (RNR(JsK)*#COS(ANGDIFF(J5K))+RNI(JsK)*SINCANGDIFF(J
10JsK)))

DQDV(JsK)=VREF (J)*(RNR(JsK)*SIN(ANGDIFF (JsK))~RNI (J5K)*COS(ANGDIFF (J
10J5K)))

DPDA(JsK)=VREF (K)#*DQDV (JsK)

DQDA(JsK ) ==VREF (K) *DPDV(JsK)

CONTINUE ‘

DIAGONAL TERMS ARE CALCULATED NEXTe

DO 1245 J=1sMD

K=J

DPDV(JsJ)=VREF (J)#RNR(JsJ)

DQDV(JsJ)==VREF (J)#RNT (JsJ)

DO 1240 L=1,MD



o

1240

1245

31

32

30

400

47

DPDV(J’J)=DPDV(J;J)+VREF(L)*(RNR(JsL)*COS(ANGDIFF(JoL))+RNI(JoL)*S
1INCANGDIFF{(JsL)))
DQDV(J’J)=DODV(J¢J)+VREF(L)*(RNR(JoL)*SIN(ANGDIFF(JaL))—RNI(J9L)*COS(
10S (ANGDIFF(JsL))) ®
CONTINUE

DPDA( J»J ) ==VREF (J) % (DQDV (JsJ)+26 O¥VREF (J) ¥RNT(JsJ))

DADA(J»sJ) =VREF (J)# (DPDV(JsJ) =24 0%VREF (J)¥RNR(Js J))

CONTINUE

DO 30 L=1sN

DELX(L)=0

DO 30 J=1sMD

IF(LeLEeMD) 31532

DELX(L) = (24%#CP2(J)*PE(J)¥DPDV(JsL) +24%CG2 (J)*QE (J)*DADV (JsL)) /VATA
1R(J)##2+DELX (L)

GO TO 30

LA=L-MD
DELX(L)=(2e%CP2(J)*PE(J)*DPDA(JsLA)+2+¥CO2(J)*QE(J)*¥DODALJSLAY)/VA
1TAR(J)#%24DELX (L)

CONTINUE

DO 400 J=1sN

DELXO0(J)=DELX (J)

RE TURN

END
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*
SUBROUTINE INTER(A,B)

Take unit interval A4,B = [0,1] !

CALL FUNCT(A,FA)
'CALL FUNCT(B,FB)
Compute errors (FA and FB)

corresponding to the two va-

lues of gain (A and B).

}0_@5 FB > FA 7)o

¥ ',

potnat — -~

{Maximum located; C = 4+ (1+Y5)(a-B)/2 l—‘—“——1.
—— . i

|
|

in original in-
iterval [4,B].

'CALL FUNCT(C,FC)
Compute error FC for

new point C.

i
YES (Ts FC < FB 2 )0
1

gMaximum in [4,C]." Store interval |

3,8 8.

Store [4,C] in

a8 .

P

* This subroutine is actually written to accomplish
maximization. To minimize see footnote in subrou-
tine FUNCT.
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SUBROUTINE INTER(A+B)
********************************************************************
#THIS IS AN AUXILIARY SUBROUTINE FOR ONE-DIMENSIONAL SEARCH. THE *
¥INITIAL INTERVAL FOR THE SFEARCH IS FOUND. *
*****************************%**************************************

T=005+SQRT(50)/20

A=0.

B=1.

CALL FUNCT(AsFA)

CALL FUNCT(BsFB)

IF(FBeGTeFA) GO TO 20

RETURN

C=A+T*(B-A)

CALL FUNCT(CsFQC)

IF(FCseGT<FB) GO TO 30

B=C

RETURN

A=8

FA=FB

B=C

FB=FC

GO TO 20

END



ol

SUBROUTINE METHOD(IRROR,ICOUNT)

Evaluate the product (S.O.M.V.jA
of the matrix of second partial
derivatives and the gradient

vector. !

\

Compute the inner product of

the second order move vector
and the gradient.

\

o Is this inner product positive ? YES

\

CALL NEWTON(ICOUNT) Use second order

Use Newton's method. move vector. Co-

rrections are sto-|
red in DELX. |

@ETUR/
\\/

50
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SUBROUTINE METHOD(IRRORsICOUNT) ‘
********************************************************************

#THIS SUBROUTINE CHECKS IF IT IS POSSIBLE TO USE THE SECOND ORDER #
*MOVE VECTORs THAT ISs IF MATRIX OF SECOND PARTIAL DERIVATIVES IS #*
#POSITIVE DEFINITE. IF NOT POSSIBLEs NEWTONS METHOD 15 USEDo #*
*********************%*********%*****%******************************

COMMON INDEX

COMMON/SHARE/X(100) sDEL(100)sA(1005100) 5N

COMMON/CRST/DELX(IOO)9DELXO(1OOf

IF(IRROR.EQe1)GO TO 80

DO 30 I=1sN

DELX(I)=0e

DO 30 J=1sN

DELX(1)=DELX{I)+A(IsJ)*DELXO(J)

PROD=0o

DO 40 I=1sN

PROD=PROD+DELX(I)#DELXO(I)

IF(PRODoGTo60e)93580

CALL NEWTON(ICOUNT)

CONTINUE

RETURN

END



SUBROUTINE MODFPOW(ICOUNT,TOLER,ALPHA)

Is this the first iteration\\ o

with this method ?
YES

i
CALL ESPD(K)
Compute matrix of second

partial derivatives.

4

CALL MTINVT(BB,O,D,IRROR,
IPIV,IND)
Invert matrix of second

partial derivatives. Use

this inverse instead of

|

Correct inverse of Hessian
matrix using vector of co-
rrections (s) and the diffe-

|rence Yetween old and new

gradients.

approximate Hessian matrix.,]

1

Continue with original
Fletcher and Powell's
method. (See FPOWELL) ()

52
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SUBROUTINE MODFPOW(ICOUNT s TOLERsALPHA)
3 3636 6 3 3 3L 3 3 I 3636 9 3636 36 36 36 36 6 3 36 3634 363 36 36 I 36 334 32 3 96 36 3¢ 38 3F 3535 I 36 I I I 36 I 3E I I I I I I 36 36 6 I 3 33 364
#THIS SUBROUTINE COMPUTES THE CORRECTIONS FOR VECTOR X BY MEANS OF %
#A MODIFICATION TO FLETCHER AND POWELLS METHODe. THIS MODIFICA=- *
#TION CONSISTS OF USING THE MATRIX OF EXACT SECOND PARTIAL DERIVA=- *
*#*TIVES AS THE HESSIAN MATRIX FOR THE FIRST ITERATIONs INSTEAD OF *
#THE UNIT MATRIXe THE NEGATIVE OF THE CORRECTIONS IS STORED IN DELX%*
#AND THE OPTIMAL GAIN IS OBTAINED BY A CUBICAL INTERPOLATION AND *
#STORED IN ALPHA. *
96 3 35 36 36 36 6 34 3 33 3 30 3 3636 3 36 38 36 3 3 36 36 I 3436 3¢ 3 3 363 3636 36 3¢ 36 3 I 36 I 36 363 3 636 I IE I6 I 34 I I I I I I 3¢ 36 I I I 3 3 3 ¢

COMMON/SHARE/X(200)sDEL(100)sA(100+100) sN

COMMON/CRST/DELX(100)sDELX0(100)

COMMON/FLET/G(20)9S(20)9AC(20+20)9BC(20920) s ICOUNTF

DIMENSION BB(16s1)sIPIVI16)9sIND(164+2)

ICOUNTF=1COUNTF+1

IF(ICOUNTF.EQel) 12

K=3

PRINT 2002

FORMAT(#* MODIFIED FLETCHER AND POWELLS METHOD IS USED NEXT*/)

CALL ESPD(K)

DO 8001 I=1sN

BB(Is1)=1e0

CALL MTINV1(BBsOsDsIRRORsIPIVsIND)

GO TO 24

DO 16 I=1,N

G(I)=DELX(I)=~G(])

DO 17 I=1sN

DELXO(1)=0o

DO 17 J=1sN

DELXO(I)=DELXO(I)+A(TIsJ)*G(J)

PRODB=0+

DO 18 I=1sN

PRODB=PRODB+G(I)#DELXO(1)

PRODA=0,

DO 19 I=1sN

PRODA=PRODA+DEL(I)#G(1])

DO 20 I=1,N

DO 20 J=1,N

AC(1sJ)=DEL(I1)*DEL(J)/PRODA

DO 21 I=1sN

DEL(I)=0e

DO 21 J=1,N

DELIIY=DEL(IV+A(Js1)#G ()

DO 22 I=1sN

DO 22 J=1sN

BC(1,J)=-DELXO(I)Y#DEL(J)/PRODB

DO 23 I=1sN

DO 23 J=1sN

A(LeJ)=A(ToJ)+AC(IsJ)+BC(IyJ)

DO 6 I=1sN

S(11=0.

DO 6 J=19N

S(IN=S(I)+A({ I J)HDELX(J)

DO 7 I=1sN

S(I1)y==5(1)
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PRODX=0+

DO 8 I=1sN
PRODX=PRODX+S (1) *DELX(I)
CALL REST(EX)
ETA==24%*EX/PRODX
ETA=SAMIN1(14sETA)

DO 9 1=1sN

"DEL(I)=X(I)

DO 10 I=1sN

X{I)=X(I1)+ETA#S(])

CALL REST(EY)

DO 13 I=1HN

G(1)=DELX(I)

CALL GRAD1

DO 12 I=1N

X(1)=DEL(I)

PRODY=0.

DO 11 I=1,N

PRODY=PRODY+DELX(1)#S(1])

DO 15 I=1sN

DELX(1)==-S(1)
Z=(3./ETA)*(EX'EY)+PRODX+PRODY
DISC=Z%#2-PRODX¥PRODY

IF(DISCelLTo00)GO TO 30

W=SQRT(DISC)
ALPHA=ETA*(19'(PRODY+W'Z)/(PRODY'PRODX+2.*W))
GO TO 31

CALL INTER(AA»BB)

PRINT 32

FORMAT (/% ODS 1S PERFORMED SINCE DISCRIMINANT IS NEGATIVE#*/)
CALL ODS(AAsBBs TOLER 1009 ALPHAsFMAX) ‘
DO 14 I=1sN

DEL(I)=ALPHA*S(I)

RETURN

- END
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SUBROUTINE MTINV(AsNsBsLsDsIRRORsIPIVsiIND)

DIMENSION A(NsN)sB(Nsl)»IPIVIN)»IND{Ns2)

A 1S AN NXN MATRIX TO BE INVERTEDsOR CONTAINING EQUATION COEFFS

B IS AN NXM RHS MATRIX FOR EQUATIGNS

IF L=0sINVERSE ONLY GIVEN.L POSITIVEsSCLUTIONS ONLY.L NEGATIVE
BOTHe M=ABS(L).

D CONTAINS THE DETERMINANTXOF THE A MATRIX ON EXIT

A 1S REPLACED BY THE INVERSE +B BY THE SOLUTIONSe.

METHOD OF GAUSS—-JORDON PIVOTAL ELIMINATION

M=1ABS(L)

D=1.0

DO 10 I=1sN

IPIV(I)=0

DO 220 I=19N

AMAX=0.0

SEARCH SUB-MATRIX FOR LARGEST ELEMENT AS PIVOT

DO 70 J=1sN

IFCIPIV(J)) 80430570

DO 60 K=1sN

IFCIPIVIK)I=~1) 40460980

THIS ROW COLUMN HAS NOT BEEN A PIVOT

IF(ABS (A(JsK))—-AMAX) 60s60+50

IROW=J

ICOL=K

AMAX=ABS (A(JsK))

CONTINUE

CONTINUE

PIVOT FOUND

IPIV(ICOL)Y=IPIV(ICOL)+1

IF{AMAX-1e0E=90 ) 80+80s90

MATRIX SINGULARSERROR RETURN

IRROR=1

RETURN

IF(IROW=ICOL) 9541304595

MAKE PIVOT A DIAGONAL ELEMENT BY ROW INTERCHANGE.

D=-D

DO 100 K=1sN

AMAX=A(IROWsK)

A(IROWsK)=A(ICOLsK)

A(ICOLsK)=AMAX

IF(M) 13051304110

DO 120 K=1sM

AMAX=B{IROWsK)

B(IROWsK)=B{ICOL sK)

B(ICOLsK)=AMAX

IND(Is1)=IROW

IND(Is2)=1ICOL

AMAX=A(ICOLsICOL)

D=D#AMAX

A(ICOLsICOL)=1,60

DIVIDE PIVOT ROwW BY PIVOT

DO 140 K=1sN

A(ICOLsK)‘A(ICOLvK)/ANAX

IF(M) 17091704150

DO 160 K=1sM
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160
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180

190
200

210
220

230

240

250

260
270

B(ICOLsK)=B(ICOLsK)/AMAX

REDUCE NON-PIVOT ROWS
DO 220 J=1»sN
IF(J-1COL) 18052205180
AMAX=A(Js1COL)
A(JsICOL)=060

DO 190 K=1lsN

A(JsK)=A(JsK)—~A{ICOLsK)*¥AMAX

IF(M) 22092205200
DO 210 K=1sM

B(JsK)=B(JsK)—-B(ICOLK)*AMAX

CONTINUE

AFTER N PIVOTAL CONDENSATIONSsSOLUTIONS LIE IN B MATRIX

IF(L) 23092304270

FOR INVERSE OF As INTERCHANGE COLUMNS

DO 260 I=1sN
J=N+1-1
IFCIND(J91)=IND(Jy2))
IROW=IND(Js1)
ICOL=IND(Js2)

DO 250 K=1sN
AMAX=A{K s IROW)
A(KsIROW)=A(KsICOL)
A({KsICOL)=AMAX
CONTINUE

IRROR=0

RETURN

END

24092605240
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SUBROUTINE MTINV1(BsLsDsIRRORSIPIVsIND)

COMMON/SHARE/X(100)sDEL(100)sA(100+100)sN

DIMENSION B(16s1)sIPIV(16)sIND(1692)

A IS AN NXN MATRIX TO BE INVERTEDsOR CONTAINING EQUATION COEFFS

B 1S AN NXM RHS MATRIX FOR EQUATIONS

IF L=0sINVERSE ONLY GIVENeL PCSITIVEsSOLUTIONS ONLYe.L NEGATIVE
BOTHe M=ABS(L).

D CONTAINS THE DETERMINANT OF THE A MATRIX ON EXIT
A IS REPLACED BY THE INVERSE +B BY THE SOLUTIONS.

METHOD OF GAUSS—-JORDON PIVOTAL ELIMINATION

M=TABS(L)

D=1.0

DO 10 I=1yN

IPIV(I)=0

DO 220 I=1N

AMAX=0.0

SEARCH SUB-MATRIX FOR LARGEST ELEMENT AS PIVOT

DO 70 J=1sN

IF(IPIV(J)) 80+30s70

DO 60 K=1sN

IF(IPIVIK)=1) 40560980

THIS ROW COLUMN HAS NOT BEEN A PIVOT

IF(ABS (A(JsK))—-AMAX) 60560950

IROW=J

1COL=K

AMAX=ABS (A(JsK))

CONTINUE

CONTINUE

PIVvOT FOUND

IPIV(ICOL)=IPIV(ICOL)+1

IF(AMAX=1+0E-90 ) 80480490

MATRIX SINGULARSERROR RETURN

IRROR=1

RE TURN

IF(IROW=ICOL) 955130495

MAKE PIVOT A DIAGONAL ELEMENT BY ROW INTERCHANGE.

D=-D

DO 100 K=1lsN

AMAX=A( IROWsK)

A(IROWsK)=A(1COL sK)

A(CICOLsK)=AMAX

IF(M) 13051305110

DO 120 K=1lsM

AMAX=B( IROW,sK)

B(IROWsK)}=B(ICOLsK)

B(ICOLsK)=AMAX

IND(Is1)=IROW

IND(1s2)=1COL

AMAX=A(ICOL,ICOL)

D=D*AMAX

A(ICOLsICOL)Y=140

DIVIDE PIVOT ROW BY PIVOT

DO 140 K=1lsN

A(ICOLsK)I=A{ICOLsK)/AMAX

IF(M) 1705170150



>

150
160

170

180

190
200

210
220

230

240

250

260
270

DO 160 K=1sM

B(ICOLsK)=B(ICOLsK)/AMAX

REDUCE NON-PIVOT ROWS
DO 220 J=1sN
IF(J-1COL) 18052205180
AMAX=A(JsICOL)
A(JsICOLI=040

DO 190 K=1sN

A(JsK)=A(JsK)~A(ICOLsK)*AMAX

IF(M) 22092205200
DO 210 K=1sM

B(JsK)=B{JsK)=B(ICOL,K)*AMAX

CONTINUE

AFTER N PIVOTAL CONDENSATIONSsSOLUTIONS LIE IN B MATRIX

IF(L) 23092305270

FOR INVERSE OF As INTERCHANGE COLUMNS

DO 260 I=1sN
J=N+1-1
IFCIND(Js1)=IND(Js2))
IROW=IND(Js1)
ICOL=IND(Js2)

DO 250 K=1sN
AMAX=A(K s IROW)
A(KsIROW)=A(K,ICOL)
A(KsICOL)=AMAX
CONTINUE

IRROR=0

RETURN

END

2409260+240
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SUBROUTINE MTMPB(AsBsCsMsNsL sD)

DIMENSION A(NsN) sB(NsN)sCINaN)sD(N)

B8 AND C MAY BE THE SAME ARRAY.
D0220 I=1l,L

D0O210 J=1M

D(J)=0.0

D0210 K=1sN
D(J)I=DIII+A(IsK)*¥B (Ko 1)

D0O220 J=1sM

ClJdsI)=D(D)

RETURN

END

FORMS C=A#*8B

59



SUBROUTINE NEWTON(ICOUNT)

TES Is this an odd iteration i)——EEL————

Assemble n-1 square
matrix _
@e/ov) | (a/08)

P e
(oP/oV) | (DP/OA)

Y

CALL MTINVi(BB,0,D,
IRROR, IPIV,IND)

Invert Jacobian matrix

A. %

Assemble (n-1) vector
of real and reactive
power errors.

%

Multiply inverse of A
and vector of power
errors. The resultant
vector is the negative
of the vector of co-

rrections.

]
i
i
i
i
i
H
i

|

Assemble MD-1 matrix

\

CALL MTINV1(BB,0,D,IRROR,
IPIV,IND)

Invert matrix A.

!

Assemble (MD-1) vector
of real power errors.

4

Multiply inverse of A
and vector of real po-
The resul-
tant vector is the (MD-1)

vector of corrections. |

wer errors.

Form a new vector by

augmenting in MD zeros
This
is the negative of the

the past vector.

vector of corrections. _J

T

ETURN}—s

b
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SUBROUTINE NEWTON(1COUNT)
3 96 36 36 36 3636 36 336 3030 36 3 36 30 3030 36 3030 30 3690 36 36 3636 3 269636 30 3 36 34 36 36 3 36 96 36 3636 9630 36 6 I IE I 6 36 9 I 36 K 3 H X M3

#THIS SUBROUTINE FINDS THE CORRECTIONS FOR VECTOR X USING NEWTONS =
¥METHODe AT ODD ITERATIONS CORRECTIONS FOR ANGLES ARE CALCULATED *
#ONLYs AT EVEN ITERATIONS CORRECTIONS FOR THE ENTIRE STATE VECTOR =
#ARE FOUNDe THE OUTPUT 1S THE NEGATIVE OF THE CORRECTIONS STORED IN#*
*DELXe *
I 3 36 36 36 36 36 36 3 38 36 3 I 36 3 3 36 3 36 36 36 3 3 36 363 36 34 36 3 36 36 36 34 36 3¢ 36 36 3 36 36 3 6 36 3 I I 3 3 36 I I I I 336 3 % 3 3¢ 36 3 K3

COMMON/SHARE/X(100)sDEL(100)sA(100+100)sN

COMMON/CRST/DELX(100)sDELX0{100)

COMMON/ADMIT/RNR(858) s RNI(8+8)sMD

COMMON/DERIV/DPDV(8+8)sDPDA(8s8) sDQADV(898) sDQLCA(8s8)

COMMON/ERROR/PE(8)+QE(8)

DIMENSION BB(1651)sIPIV(16)sIND(1652)

I11=ICOUNT/2

II=11%2

MD1=MD+1

IF(ICOUNT«GTL.II)GO TO 1

PRINT 2001

FORMAT (# NEWTONS METHOD TO CORRECT ENTIRE STATE VECTOR FOLLOWS*/)

DO 2 I=1sMD

DO 2 J=1.MD

A(T1:J)=DQDVI(IJ)

DO 3 I=1sMD

DO 3 J=MD1sN

JA=J=-MD

A(T+J)=DQDA(I sJA)

DO 4 1=MD1sN

1A=1-MD

DO 4 JU=14MD

A(loJ)Y=DPDV(IA,,J)

DO 5 I=MD1sN

1A=1-MD

DO 5 J=MD1 N

JA=J-MD

A(T+sJ)=DPDA(IA,JA)

DO 8001 I=1sN

BB(Isl)=1e0

CALL MTINV1(BBs0sDsIRRORSIPIVSIND)

DO 6 1=14MD

DEL(IY=QE(])

DO 7 I=MD1sN

1A=1-MD

DEL(1)=PE(IA)

DO 8 I=1,N

DELX(1)=0.

DO 8 J=1sN

DELX(I)=DELX(I)+A(IsJ)Y*DEL(J)

RETURN

MD2=MD-1

PRINT 2002

FORMAT (/)

PRINT 2000

FORMAT (# NEWTONS METHOD TO CORRECT ANGLES ONLY FOLLOWS*/)

DO 9 I=1,MD2



8002

10

11

DO 9 J=1sMD2

A(1sJ)=DPDA(IsJ)

N1=N

N=MD2

DO 8002 I=1sN

BB(Is1)=1e0

CALL MTINV1(BBsO0sD»IRRORsIPIVsIND)
N=N1

DO 10 I=1sMD2

1A=1+MD

DELX(IA)=0e

DO 10 J=1sMD2
DELX({IA)=DELX(TAY+A(T,,J)#PE(J)
DO 11 I=1sMD

DELX(I)=0o

RETURN

END
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- PROGRAMS NNEWT1, 2, 3, 4, 5, 6, 7

Read dimension of vector of adjust-
ables x (n=2xnumber of nodes), maxi-
mum nhumber of iteratioms, scratch
variable, number of error functions,
number of nodes, desired minimum

error, and tolerance for one-dimen-

sional search.

§

'/ﬁéad initial estimate of vector of
adjustables X. The first half of

Ggi}——qw-‘the elements are node voltage mag-

nitudes, and the other half, node

voltage angles.

\

CALL ASSEMAD(ADR,ADI)

Obtain admittance matrix of regu-

lated voltage nodes.

|

/ﬁ;ad sensitivity coefficients for

power errors, and power targets.
Calculate sums of power targets.

‘

(ﬁead machine characteristics ‘]

s

‘ i ]

Print machine characteristics.

B 1

CALL REST (ENORMSQ)

Compute initial error.




<)

(4

Print initial error in RMS per unit
value,

\

Set the dimensions of x to n=1 to

fix a reference angle.

CALL GRAD1

Compute vector of first partial de-

<:> rivatives of error function w.r.t.

elements of vector of adjustables.

BLOCK S

each of the seven programs.

i

%

———te

Block of statements different for“. i

Obtain negative of final vector of

Correct vector of adjustables.

corrections (that is including gain).

\

CALL REST (ENORMSQ)

Compute new error.

j

i

Restitute old dimension in x for

printing purposes.

\

1ls the difference between the new
and past errors £ 1074 2
YES | NO

)

6l



“

(28

(f%or two consecutive times QX—EQ——~—ﬂ-<:;s error

YES

Minimum of error function

achieved.

Compute excitation volta-

ges, excitation angles and

average rotor angle.

Correct terminal and exci-
tation angles according to
laverage rotor angle.

|Print operating state, num-
lber of iteration, and mini-

3
!mum error in RMS per unit

Evalue.

Calculate sum of power lo-
sses and rate of frequency

change.

Print sum of power inputs,

sum of power outputs, sum

rotor angle, and rate of

frequency change.

of power losses, average -

8

YES NO

10

e

= 1

YES (ﬁo

iPut a

1
1
i
i

i o

Print number of

iteration, and
new error in
RMS per unit va-

lue,

y

Set dimensidh of

X to n-1 again.

@

(Is number of iterationémv
maximum permissible ? p
flag. _J

65

desired minimum 2



5]

C

Is there another error functio

to use ?

fDEE——D(S 25)

NO

66
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PROGRAM NNEWT1
BLOCK S

CALL NEWTON (ICOUNT)

Use Newton's method to obtain
negative of vector of correc-
tions.

CALL INTER(AA,BB)
CALL ODS(AA,BB,TOLER,100,
ALAMB, FMAX)

Select initial interval and perform
the one~dimensional search to ob-
tain the optimal to use with the

vector of corrections,




2003

2002

1

160

161
162
163
313

164
316

336

337

N O N

45
338

69

FORMAT(4F14,49)

VATAR(J)=SQRT(PTAR(J)##2+QTAR(J) *#2)

CP2(J)Y=CP(J)#¥2

CQ2(J)=CQ(J)*%2

CONTINUE

CALL SECOND(PT1)

PRINT 1

FORMAT(1H1)

PRINT 160 :

FORMAT(//745H ADMITTANCE MATRIX RN REGULATED VOLTAGE NODES /71

DO 164 KA=1sMDy4

IF(KA+3-MD)1625161s161

KB=MD

GO TO 163

KB=KA+3

PRINT 3135 (JCHsJCH=KA4KB)

FORMAT(/41307/)

DO 164 J=1sMD

PRINT 3169Js (RNR(JsK)sRNI (JsK) sK=KAKB)

FORMAT(1594(F17e29F13,2))

PRINT 4008

PRINT 336

FORMAT(20Xs%# MACHINE CHARACTERISTICS*/)

PRINT 337
.FORMAT( 66H NODE INERTIA RESISTANCE REACTANCE MA
1XIMUM POWER )

JCOUNT=0

SUMIN=0,
36 35 36 36 96 3t 3 36 3 36 36 3£ 36 3 36 36 3 36 3E 3% 36 36 3 336 36 36 34 36 36 3 3 3 I 36 I 3¢ 3¢ 36 36 36 36 36 3 I 36 I I 3 3 I I3 S 3 3636 36 3 36 3 e K K 33
#*READ MACHINE CHARACTERISTICSs INERTIAs REACTANCEs MAXIMUM POWERs
*#*AND NUMBER OF MACHINFS,. *
36 36 36 36 3 35 36 6 36 36 3 36 3£ 36 3 36 3 3636 e I 3 3 3636 3 I 36 K 33 3 3 36 36 34 36 36 36 36 36 3 3 36 36 36 36 36 36 6 I 36 36 I 36 W SE I e A K

READ 3389JsROIN(J)sZMR(J) 9ZMI(J) sPSPINI(J) s NM

FORMAT(I392Xs4F15,6510Xs15)

SUMIN=SUMIN+ROIN( J)

JCOUNT=JCOUNT+1

PRINT 338sJsROIN(J)SZMR(J)$ZMI(J) s PSPIN(J)

IF(JCOUNTLT«NMIGO TO 45

PRINT 3000

3000 FORMAT(///+53Xs* INITIAL STATE#*/)

C
C
C

3001

C
C
C

3 3 36 36 96 36 3 6 36 36 3 36 36 36 303036 36 36 3 34 36 36 3636 3 K 36 3 33 3 3 3 36 6 36 36 3¢ 3 33 38 3 3636 3 I K 36 I 36 36 I 36 I K 3 36 36 36 36 K e3¢

*OBTAIN INITIAL ERROR. *
TSI HF IR IR R R IR R R IR K IR KRR KRR HRNR
CALL REST(ENORMSQ)
ENA=2 ¢ %MD
EPU=SQRT (ENORMSQ/ENA)
PRINT 3001
FORMAT (% NODE TERM VOLTS TERM ANG cP cQ
1 POWERS VARS VAMPS PTAR QTAR VATA
1R#)
36 3636 36 3636 36 36 36 36 36 36 36 36 36 3040 3636 3530 36 36 33 3 H 3 2 H I 036 30696 3 36 30 36 3 36 3 930 36 06 I 36 36 36 96 HH 0 36 36 36 3 S B

¥PRINT INITIAL STATEe. *
33 H IR I I NI I I A I 036 B B KK RN

DO 3002 J=1+MD

3002 PRINT 563JsVREF(J)sANGTER(J) sCP(J) sCQ(J) s POWERS(J) s VARS(J) s VAMPS(J
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70

1) sPTAR(J) sQTAR(J) s VATAR(J)
FORMAT(1354X9F1U0e692X9F10e692XsF106692X9F10e692X9F10e492XsF10e492X
19F10e492X9sF10e492XsF1Ceb492XsF10e4)

PRINT 3003

3003 FORMAT(/)

N NN

aNaNA]

20

NN NN

o333 H 3 H 203 2 3 303030 0 H 30003 0 3636 3630 36 36 3036 36 303838 334 36 H 0 330 36 56 3 6 6 36 96 3 36 30 3630 36 96 3 M I 38
#PRINT INITIAL ERROR IN RMS PER UNIT VALUE. ¥
S 3336 3 8 3 336 3 3036 3038 30 3030 30 30 30 3 3696 366 36 30 3036 38 36 3 30 3030 3 3 3 3303 2 I I MK R HHH AR
PRINT 5,EPU

CALL SECOND(PT2)

ICOUNT=0

1E=0

EPUS=0.
****************************%***************************************
*TAKE ONLY (2%MD-1) ELEMENTS IN X BECAUSE OF REFERENCE ANGLE. *
*************************************%******************************

N=N-1 .

CALL SECONDI(T2)
TIME=T2-T1=-PT24PT1
PRINT 31,TIME
PRINT 4008

CALL SECOND(TI)
I 36 3 36 3630 9 3 3 30 3 36 36 3030 30 36 033030 3 3636 3 0 303 3360 B3 I 303030 030 33030 R H ISR R HFH KR

#OBTAIN THE GRADIENT OF ERROR FUNCTION. ¥
3336 3 36 3 6 3 B3 2 36 3 33 3 2 K 308 30 36 3636 36 3 303 H 3 36 36 3630 3630 30 3 30 300 6 360 30 36 6 R HHHHHHRIHF R
CALL GRADI1

ICOUNT=1COUNT+1
o 3 36 3646 5 36 96 338 36 36 36 36 33636 36 30 H 3 3630 3 36 K 3036 3 H 30 3 3 0 3 KN R H MR HHH A XHF kK

#USE NEWTONS METHOD ONLYe *
B R R AR S R Y I Y T I 22 S22 R A n b Ak

CALL NEWTON(ICOUNT)
RN HHH RN KRR H AR KNI 3 0 3333 R R IR IR R R HF R RN

*PERFORM A ONE-DIMENSIONAL SEARCH TO OBTAIN OPTIMAL LAMBDA. *
3633 363 336 363 3 336 3 H 36 3 3036 3 3636 303 3696 3036 36 36 3636 3030 36 H 3 I 30 30 KM H PR HFH KR
CALL INTER(AA+B8)
CALL ODS(AAsBBsTOLERs100sALAMBSFMAX)
36 3 6 6 36 3636 036 36 36 36 30 3 3 3 3 36 H A 36 3 3 H 2300 33 36 H I H NI W H IR H IRk

*OBTAIN NEGATIVE OF CORRECTIONS AND CORRECT VECTOR Xe. *
363636 3 66 3 3636 3626 3 36 7 3636 36 36 30 36 3 3 303 036 33 33 I3 336 363 2 36 H 630 36 3030 336 3 36 36 96 0 330 3636 303030 K Bt
DO 20 J=1sN
D=ALAMB¥*DELX(J)
X(Jr=xX(J)=-D

CONTINUE
363626 3 36 3 36036 650 36 36 36 3 3 5 3636 36 9 36 36 3636 33 03 36 5 36 36 36 3 36 36 3 3 0300 36 3 2 3 F I HHF RN
#*COMPUTE NEW ERROR, *

********************************************************************

CALL REST(ENORMSQ)
FNA=24#MD
EPU=SQRT (ENORMSQ/FENA)
3636 336 326 3 $ 2 3 3 3 3636 36 3 363636 3 36 30 33 I R H I I I I I K AR H R RRR

#RESTITUTE ENTIRE DIMENSION IN X FOR PRINTING PURPOSES. ®
336 3 B 3 303 3 F6 3 2306 3 36 36 36 3 K36 3 B3 35 36 3636 3 36 3 3 3 330 36 336 30 30 36 36 9 36 363 36 33 K A H Rk
N=NN

J 36 36 3 36 3636 36 63 95 36 36 36 3 33636 36 3 36 36 6 36 3 5 3303 3 30 3 H K H I 33 I 3 K IR HHH e HHFH KR
#CHECK IF THE DIFFFRENCE BETWEFN NFwW AND PAST ERROR 1S LESS THAN ¥
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\\
C #0OR EQUAL TO E-10 FOR TWO CONSECUTIVE TIMES. *
C 33338 F 3 H I K I K 30 I I I K I 63 I BRI I K R
DEPU=ABS(EPU-EPUS)
IF(DEPUeLE«1e0E-10)11513
11 IE=IE+1
IF(IE«GE«2)GO TO 10
IF({IE«EQe1)GO TO 12
13 1E=0
12 EPUS=EPU

C Fo 36 36 36 3 36 3 3636 3 303 H 3 363 36 3 36 96 36 38 35 3 36 3 32 3 336 30 36 3 36 36 36 36 36 36 36 3 6 I 36 3036 3 36 36 36 36 36 3636 H I ¥R
C #CHECK IF THE VALUE OF THE FRROR IS LESS THAN OR EQUAL TO THE DESI-*
C *RED MINIMUM, *
C 3 3636 3 3 36 R 36 3 36 3038 3 3 30 3 A 303036 36 I 36 30 3 3636 36 3 336 30 3 30 36 36 36 36 33 36 H 3 I 36 I 3036 3 M S F KA K

IF (ABS(EPU) 4LELEPSIIGO TO 10
C 3 363 36 36 36 36 3 38 36K 3036 36 36 36 36 3 3636 3 36 36 3658 36 3 38 3 H 3 3 3 3 3 336 3 36 3636 3 3 3 3036 36 3 3 I 3636 3 36 I 36 36 3 I H H
C *CHECK NUMBER OF ITERATIONS. *
C 36 36 36 3¢ 36 36 3 36 36 3 3F 3 36 36 36 30 3 3 38 56 36 36 3 3 3 36 3 3636 36 3 3 3 3 I 36 36 36 36 30 3 3 36 3 36 35 36 30 I 36 36 3 3636 6 I I IR K KRN

M=M-1

IF(MJLE+0) GO TO 35

CALL SECOND(T2) -
C 36 36 36 3 36 38 3 36 3 3 3 3 36 3 36 36 3 36 36 36 36 36 34 36 I 36 3 36 30 36 38 30 3¢ 3 I 3 3 3 3 30 3630 3 3 34 3 3 36 36 3 36 I 3 K 3 3 S K KWk H
C #PRINT NEW RMS PER UNIT ERROR. *
C 36 36 3¢ 36 36 36 38 36 36 3 36 36 3 36 3638 36 3 38 36 36 I 36 36 36 5 36 3 33 36 3 I 36 3 34 36 3 36 338 36 36 3636 I I 36 3 6 I 36 I 36 33 336 36 3% H IR MR

PRINT 95 ICOUNT

PRINT 5,EPU

TIME=TIME+T2-T1

PRINT 30sTIME

PRINT 4008

4008 FORMAT(//)

C 3 36 36 3 363 3036 3 3K 3 33 3 I 3 3036 36 36 36 30 36 30 3 3 38 3 3 3K 30 36 36 36 3 3 3 I H I I I I 363 I AU H AR FHFHF KRR
C *SET DIMENSION OF X TO N-1 AND PERFORM ANOTHER ITERATION. *
C 3 36 3 36 36 3 36 36 36 36 3 36 3 36 36 34 3 36 36 20 336 36 3K K 3 36 36 F 3 3 3 % 36 3038 K 2 36336 30 336 363 6 36 I 36 30 36 36 3 3 I K FH I K

N=N-1

GO TO 7

35 PRINT 65 ALAMB
6 FORMAT(%* MORE ITERATIONS NEEDED LAMBDA=%*5sF1044)
10 CONTINUE

CALL SECOND(T2)

TIME=TIME+T2-T1

AVEANG=0.
C 36 36 36 36 36 3 36 36 3 36 36 3636 3 3 36 36 3 36 36 36 36 36 363 36 36 3 3 3 3 363 36 3 636 56 36 303036 36 3 36 3 3 I I I 3 3 36 36 3 I 36 I 3 3 36 3 H 35
C #*COMPUTE EXCITATION VOLTAGES AND EXCITATION ANGLES. *
C I6 3 36 3 36 3 3 36 36 336 3 38 36 36 3636 3 36 36 36 3 3 36 30 36 K 36 3 36 36 3 3 363 3 34 36 36 30 3036 36 36 36 30 3 3¢ 36 6 I 36 36 3 3 I 36 K 3 3 36 H K

DO 52 J=1sNM

VMR=ZMR ( J ) ¥UMR (J)=ZMT (J) *UMI (J) +VREF (J)*COS(ANGTER(J))

VMI=ZMI (J)%¥UMR (J)+ZMR (J) *UMI (J)+VREF (J) *SIN(ANGTER(J))

VM(J)=SQRT (VMR¥¥24VM] ##2)

ANGMACH (J)=ATAN2 (VMI 3 VMR )
C 3636 36 36 K 36 3 3 336 3 36 3 3 36 3 3 30 36 35 363 3 3 36 36 3636 36 36 3 3 3 38 3 3 I I 3 36 36 3 36 36 38 36 I 6 3 3 I 3 36 36 33 3 R
C #*CALCULATE AVERAGE ANGLE. *
C 36 36 36 36 3636 3 36 36 36 3 3 36 36 36 36 36 38 36 36 36 36 3t 36 3 36 36 3 9 3638 3 3 36 3 36 34 36 36 3 3 3 36 36 36 36 3 3¢ 36 3 I 36 36 36 I I I3 3 3 H 36 kR

52 AVEANG=AVEANG+ROIN(J)*ANGMACH(J)/SUMIN
30363 H 30 HH 3 3 36 396 36 3 36 36 3636 36 3 36 36 036 3 H 36 3 330 3 36 30 36 3638 36 36 36 330 20 330 K3 3 3 A0 3 36 I 3 3636 I H R

®*CORRECT TERMINAL AND EXCITATION ANGLESe *
R I I I I BN I B I I 03633 K H KRR

aNa¥a
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59

60

3006

53

54

70

57

66

67

58

2005

30
31
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DO 59 J=1.MD
ANGTER(J)=ANGTER(J)~-AVEANG+043
DO 60 J=1-NM

ANGMACH( J} =ANGMACH(J)~AVEANG+0.3

PRINT 3006

FORMAT(53Xe% OPERATING STATE#/)

PRINT 53

FORMAT (# NODE TERM VOLTS TERM ANG EXC VOLTS EXC ANGLE

1 POWERS VARS VAMPS PTAR QTAR VATA
1R3#)
36363 330 I 30 3 I 3333 3 B A S 36 36 3 6 3 62 K 3 36 3 36 3 6 6 36 9 338 38 3¢ 36 36 9 36 3¢ 3¢
*¥PRINT OPERATING STATE. *

R AR Ry R T T T T T T T LR Ty e
DO 54 J=1sMD
PRINT 563JsVREF(J) s ANGTER(J) sVM(J) s ANGMACH(J) s POWERS(J) s VARS(J) s VA
IMPS(J) sPTAR(J) sQTAR(J) s VATAR( )
CONTINUE
PRINT 3003
PRINT 99 ICOUNT
PRINT 2005+EPU
PRINT 30,TIME
B3 3SR IR I B 3336 36 3636 3636 363 363 336 38 36 34 36 36 36 36 363636 3 3036 36 36 3 36 3696 36 36 36 3% 36 3¢ 3¢ 7 3 K K¢ ¢

#CALCULATE LOSSES. *
3036 336 36 330 333 I HH I H KK KW KK 3R
DO 70 J=1sMD
DO 70 K=1sMD
TOTALPO=TOTALPO+RNR(K s J) *VREF (J) #*2
SUMLOSS=TOTALPI-TOTALPO
PRINT 57sAVEANG
FORMAT (# AVERAGE ROTOR ANGLF =%3F1046)
PRINT 66sTOTALPI
FORMAT (% SUM OF POWER INPUTS =#%3F15.6)
PRINT 67,TOTALPO
FORMAT (% SUM OF POWER OUTPUTS =%4F1546)
PRINT 58sSUMLOSS
FORMAT (% SUM OF POWER LOSSES =%4F1546)
33 3 33 330 2 338 303630 3 36 3 3636 36 3636 36 3 30 30 30 30K I 336 36 36 9 B 38 30 3 I I 3 33 30 00 36969 338 3636 k%

#CHECK IF THERE IS ANOTHER ERROR FUNCTION TO USE. *
LR TR R RS R S A R A R Y AR AR )

IF(INDEXeLTeNF) GO TO 25

FORMAT (% EPU =%#4F10e5)

FORMAT (% MIN EPU =3%4F1045)

FORMAT (* ITERATION NUMBER¥*¥,13)

FORMAT(* TIME AT THIS ITERATION =3%#,F10e5)

FORMAT (% TIME SPENT BEFORE ITERATING =%¥sF1045)

RETURN

END
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PROGRAM NNEWTZ2
BLOCK S

YES
L2

Is the number of iterations ) NO

1

CALL NEWTON (ICOUNT)

Use Newton's method to
obtain negative of vec~

tor of corrections.

CALL MODFPOW(ICOUNT,TOLER,
ALAMB)

\

CALL INTER(AA,BB)
CALL ODS(AA,BB,TOLER,100,
AT.AMB, FMAX)

Use modified Fletcher and
Powell's method to obtain
the negative of the vector
corrections and the opti-
mal gain to be used with
it.

Select initial interval
and perform a one-dimen-
sional search to obtain
the optimal gain to be used

with the vector of correc-

tions.
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J7512CSs 7906097000067512 ZARATE NNEWTZ2
RUNsSe

LGO.
'

OO NN

AN ONANN

PROGRAM NNEWT2(INPUT,OUTPUT)
36 36 36 36 3636 3036 36 5 3526 30 363636 36 36 36 3638 36 3636 303 30 6 3436 3 30 3036 36 38 36 36 30 4036 36 3034 3096 3 06 0 36 3634 96 6 I 3R AR

#THIS PROGRAM OBTAINS THE OPERATING STATE OF A POWER SYSTEM FROM AN
#INTTIAL ESTIMATED STATE. THE PROGRAM USES NEWTONS METHOD FOR THE #
#FIRST TWO ITERATIONS AND THEN A MODIFICATION TO THE FLETCHER AND *
#POWELLS METHODs UNTIL SATISFACTORY MINIMIZATION OF ERROR FUNCTION #
#1S ACCOMPLISHED, *
36 36 36 3¢ 3 36 36 36 3¢ 3 36 35 36 3 30 3 3636 36 26 3 36 36 36 36 36 36 3 36 36 36 3¢ 3 36 3 38 36 36 36 3 3 3 3 FE 36 36 36 36 3¢ I 3 I 3E 3 I 3E I 3 36 35 3¢ 3¢ 363036 3 3% 3

COMMON INDEX

COMMON/FLET/G(20)55S(20)sAC(20+20)5BC(20520) s ICOUNTF

COMMON/SHARE/X{100)sDEL(100)sA(1005100)sN

COMMON/CRST/DELX(100) s DELX0(100)

COMMON/ADMIT/RNR(858) sRNI (858) sMD

COMMON/COSTS/CP2(8)sCQ2(8)

COMMON/TAR/PTAR(8) sQTAR(8) sVATAR(8)

COMMON/DERIV/DPDV(8s8) sDPDA(858) sDQDV (858) sDQADA (84 8)

COMMON/ERROR/PE(8) sQF ( 8)

COMMON/REF /VREF (8) s ANGTER(8) sVRI(8) sVI(8) sUMR(8) sUMI(8)

COMMON /POWER/ TOTALPO, TOTALPI sPOWERS(8) s VARS(8) s VAMPS(8)

COMMON/SUMS/TOTALP s TOTALQ s TOTALVA

DIMENSION ROIN(8)sZMR(8)+ZMI(8) sPSPIN(8) sVM(8) s ANGMACH(8)

DIMENSION CP(8)sCQ(8)

DIMENSION ADR(858)5sADI(8,8)

CALL SECOND(T1)
F 36 36 38 3636 3 3 36 36 36 3 36 36 3 36 I 36 36 3 36 3 36 3F 3636 36 36 3636 3 30 36 36 36 38 3¢ 36 36 35 36 36 34 36 36 3 I 3 I I IE I I I I W 36 3L I R
#READ DIMENSION OF VECTOR X (N=2%*MD), MAXIMUM NUMBER OF ITERATIONS,*
#SCRATCH VARIABLE, NUMBER OF ERROR FUNCTIONS TO USEs NUMBER OF NO- #
*DESs TOLERANCE FOR MINIMUM VALUE OF ERROR FUNCTIONs AND TOLERANCE *
#FOR ONE-DIMENSIONAL SEARCH, *
F 36 36 36 36 36 3 36 3 3¢ 36 36 3 3 3036 36 3 3836 3 36 36 36 36 36 36 36 338 3 36 36 36 36 36 3 3 36 3635 3 I 3L 36 3¢ 32 3 I 36 36 36 W I I 3 36 36 36 34 3 3 3

READ 3sNsMsKsNFsMDsEPSI s TOLER

FORMAT(51552F1066)

NN=N

INDEX=0

25 INDEX=INDEX+1

NNNONN

T 3636 3 336 3 3 36 36 H 36 330 300 H 303638 36 36 3036 336 38 336 3636 336 36 38 30 36 3 36 36 31 96 36 6 96 3 36 3036 3696 96 36 96 I 330 36 30 3436 B X H
*READ INITIAL ESTIMATE OF NODE VOLTAGES AND ANGLES GIVEN AS A VEC- *
¥TOR Xe THE FIRST MD ELEMENTS OF THIS VECTOR ARE THE NODE VOLTAGESs*
¥AND THE LAST MD ELEMENTS ARE ANGLES. DIMENSION OF X IS THEN N *
3330338 336 3 30363 36 330 H 330 40 3 3638 0 H 363 330 3 303036 38 36336 F 36 3030 9006 96 36 30 96 36 36 36 3 36 3690 36 3 3 3

READ 25 (X(I)sI=14N)

FORMAT(8F1046)

CALL SECOND(PTI1)

PRINT 1

FORMAT(1H1)
3 36 38 36 3636 330 36 36 3 30 30 36 36 383 36 3036 3636 3036 3036 3636 3 303335 3038 38 38 30 3 30 30 36 30 30 36 3 36 30 36 36 36 36 36 6 3 36 36 96 36 36 H 6 3 34 3¢

*OBTAIN ADMITTANCE MATRIX OF REGULATED VOLTAGE NODES *
363 T30 3 2 33834 38 36 3E 3836 383636 36 36 30 4 6 33 30 3 363 3 33630 336 3 36 36 30 3036 3 36 3 36 6 36 96 3 3 30 3 3 990 36 36 3 36 3 2 3 34 3¢
CALL ASSEMAD(ADRsADI)
DO 2000 J=1,sMD
DO 2000 I=1,.MD
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2000

2003

2002

336

337

45
338

75

RNR(I9J)=ADR(I,)
RNI(I+J)=ADI(I,5J)
3 3 36 36 3696 3636 36 F 36 3 3 3 30 6 IE 36 30 3 3636 336 36 36 3638 336 3636 36 38 38 38 3¢ 3 334 35 36 36 3636 9636 1 W 636 36 36 36 34 336 3638 36 36 3636 % 36 3¢

#READ SENSITIVITY COEFFICIENTSs AND POWER TARGETS. *
I 36 36 36 36 36 I 36 36 3¢ 36 38 36 36 36 I 36 36 36 35 3 36 36 36 36 36 3¢ 3 36 36 36 36 3 3 3 L3 3 36 3636 36 36 3636 K I 3 3 336 36 3 I I I I I 36 3 3 353 3 3K 3¢

SUMP=0,

SUMQ=0.

SUMVA=0.

DO 2002 J=1sMD

READ 20035CP(J)sCQ(J)sPTAR(J)sQTAR(J)

FORMAT(4F14,9)

VATAR(J)=SQRT(PTAR(J)*#2+QTAR(J) #%2)

SUMP=SUMP+PTAR( J)

SUMQ=SUMQ+QTAR( J)

SUMVA=SUMVA+VATAR(J)

CP2(J)=CP(J)#*2

CQR2(J)Y=CQ(J) *3*#2

CONTINUE

PRINT 4008

PRINT 336

FORMAT (20X e MACHINE CHARACTERISTICS#/)

PRINT 337

FORMAT( 66H NODE INERTIA RESISTANCE REACTANCE MA
1XIMUM POWER )

JCOUNT=0

SUMIN=0,
¥ 36 3 3636 36 363 36 I 3 36 3 36 366 36 36 36 3 36 36 3636 36 36 36 36 3 36 36 36 3 I 3 3 I 36 I I 36 36 35 3 3£ I I I I I I IE I I I I I I 3F I8 I3 3 I3 ¥ %3t
#READ MACHINE CHARACTERISTICSs INERTIAs REACTANCEs MAXIMUM POWER, *
#AND NUMBER OF MACHINFS, *
I 36 36 34 3638 36 3636 3 3 I 303 3 3E 36 36 3 36 3 36 36 3636 3L 36 3636 3 36 36 3 36 3¢ 3 36 3 36 36 36 36 3 3696 I IE M I 3 33 I I I 36 I 333 R R

READ 3389JsROIN{J)YsZMR(J)9ZMI(J) oPSPIN(J) s+ NM

FORMAT(I392Xs4F1546510Xs15)

SUMIN=SUMIN+ROIN(J)

JCOUNT=JCOUNT+1

PSPIN(J)=PSPIN(J)/100.

PRINT 3389JsROIN(J)$ZMR(J)$ZMI(J)sPSPIN(J)

IF(JCOUNTLT«NMIGO TO 45

PRINT 3000

3000 FORMAT(///953Xs% INITIAL STATE*/)

531

3001

36 36 36 36 36 36 36 36 36 3 3 38 3 3 3 3 3 3 36 3636 3 3 3 36 36 3 36 36 36 3 3 36 36 30 I 3¢ 3 36 3 36 36 3 36 36 36 3 36 I I I I 36 3 I I I I 3 I 96 3 3 3 I 363
*OBTAIN INITIAL ERROR, *
Fb 3 3 F6 3036 36 36 35 303 30 30 3 336 36 36 36 3 3 36 36 36 36 6 3 3 3 36 36 36 36 36 3 36 36 3 36 3 3636 32 36 3636 36 36 3 I 32 I 36 36 I I W I I 3¢ 36 36 36 3 # 33
CALL REST(ENORMSQ)
ENA=2 ¢ #MD
EPU=SQRT (ENORMSQ/FNA)
PRINT 531
FORMAT (# NODE TERMINAL VOLTAGES POWER ERROR WEIGHTS
1 COMPUTED POWERS POWER TARGETS¥*)
PRINT 3001
FORMAT ( # TERM VOLTS  TERM ANG cp cQ
1 POWERS VARS VAMPS PTAR QTAR VATA
1R*)
I 3E 38 38 36 36 36 36 36 36 36 636 3 36 3 33 36 36 36 36 36 3536 3636 3¢ 36 36 30 36 3 35 36 3£ 3 3¢ 4 3 336 36 36 36 36 3 36 I I IE 36 36 96 I 6 36 I I 6 36 3 I 3L ¥

¥PRINT INITIAL STATE. *
3696 36 3030 33036 H 36303030 303 H 3026 36 306 36 3636 403 S0 303 36 3 I I M NN WA NN RN H R NAH
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DO 3002 J=1sMD

3002 PRINT 569JoVREF(J)’ANGTER(J),CP(J)oCQ(J),POWERS(J)9VARS(J)¢VAMP5(J

56

561

1) sPTAR(J) sQTAR(J) s VATAR(J)
FORMAT(I394X9F10o692X;F10o692X9F10.6;2X9F10.692X,F10.h9ZX9F10e492X
1sF10e492XsF10e492XsF10e492XsF10e4)

PRINT 561s TOTALPsTOTALQsTOTALVA s SUMP 3 SUMQs SUMVA

FORMAT ( * TOTALS*948X9FIOoQ92X9F10.4;2XoF10.492X9F10.492X9F10e4’2X,
1F10.4)

PRINT 3003

3003 FORMAT(/)

100

101

261

**************%*****************************************************

%#PRINT INITIAL ERROR IN RMS PER UNIT VALUE. *
*************************************%******************************

PRINT S,EPU

CALL SECOND(PT2)

1COUNT=0

I1E=0

EPUS=0.

EPUSP=0,
***********************************************%********************
#TAKE ONLY (2#MD-1) ELFMENTS IN X BECAUSE OF REFERENCF ANGLE. *
******************************************%*************************

N=N-1

CALL SECONDI(TZ2)

TIME=T2-T1-PT2+PT1

PRINT 31,TIME

PRINT 4008

ICOUNTF=0

CALL SECOND(TI)
***********%***********************************************%********

#*OBTAIN THE GRADIENT OF ERROR FUNCTION. *
36 3636 36 9 36 266 36 3636 3636 36 3696 3 36 36 36 H 36 3 6 030 336 3038 3 36 3 36 36 36 36 7 303336 3530 3630 309 3036 3036 3 I IR RIS K H
CALL GRAD1

ICOUNT=ICOUNT+1
IF(ICOUNT«LE«2)1005101
J6 36 36 36 636 36 36 36 36 96 96 36 3 36 36 36 36 36 3630 36 36 36 36 3630 30 36 3696 36 38 36 36 3036 36 3 43I 3 9 303606 3 I H AR AN HRH
%*{JSE NEWTONS METHOD FOR FIRST TWO ITERATIONS. *
363636 36 336 3 96 36 3636 3 3636 33 36 36030 36 9 36 36 3630 336 3036 36 30 3036 3036 36 36 36 36 303336 36 3030 3030 0 H I 330 M F KR
CALL NEWTON(ICOUNT)
3363696 3636 369 3 636 36 36 36 36 3696 36 36 36 36 36 36 3636 336 2 3 30 38 96 33 33 3 330302 306 M XN NN R HHHRFRF NS
#*PERFORM A ONE-DIMENSIONAL SEARCH TO OBTAIN OPTIMAL LAMBDA. *
3 336 3636 36 36 303 6 3636 30 3 36 36 369636 36 36 36 36 396 30 36 3630 3636 36 5 36 3 36 34 36 36 3303030 3 303636 36 08 K 3030 3 3090 96 036 36 0 A Mk
CALL INTER(AA,BB)
CALL ODS(AAsBBsTOLERs100sALAMB,FMAX)
GO TO 261
3636 36 36 36 36 % 6 36 35 35 36 36 36 3036 36 36 36 36 36 36 36 3036 36 30 36 36 363 36 36 38 38 36 36 36 34 36336 36 36 30 3096 3 3 I 30630 9 6 3 I 3 3N S0

%*USE MODIFIED FLETCHER AND POWELLS METHOD FOR THE REMAINING ITERA- *

% TIONS. *
*************************************%***%**************************
CONTINUE

CALL MODFPOW( ICOUNT s TOLER s ALAMB)

CONTINUE

DO 20 J=1»sN
36 36 36 3046 36 3636 363 3 3636 3 36 36 3 3 36 30 3% 36 036 3036 396 303 36 36 3036 36 36 36 36 3 330 34 363 0 K H HE KRR HFHAXRE

#OBTAIN NEGATIVE OF CORRECTIONS AND CORRECT VECTOR X ¥
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6 FORMAT(* MORE ITERATIONS NEEDED LAMBDA=*;F10s4)
10 CONTINUE

CALL SECOND(T2)

TIME=TIME+T2-T1

AVEANG=0.
3636 363636 3 6 36 336 36 36 36 3638 3 36 36 3638 36 32 H 0 3 6 36 36 3 36 3 3636 36 36 36 36 36 3638 30363 30 3 336 30 330 3 33036 3 e
*COMPUTE EXCITATION VOLTAGES AND EXCITATION ANGLES. *

*************************%**%***************************************

DO 52 J=1sNM
VMR=ZMR (J) #UMR(J)=ZMI (J) *UMI (J)+VREF (J) ¥*COS(ANGTER(J))
VMI=ZMI (J) %UMR(J)I+ZMR (J) #UMI (J)+VREF(J)*SIN(ANGTER(J))
VM(J)=SQRT(VMR##24YM] %*%2 )
ANGMACH(J) =ATAN2 (VMI VMR
30636 3 330 36 6 36 36 3 36 36 3 3636 33036 3636 36 30 36 36 S50 36 3 30 36 30 36 36 36 36 30 36 3 38 303030 3638 336030 36 3 3036 9436 96 R 33N HAH

#CALCULATE AVERAGE ANGLE. *
33 36 3636 36 3 36 35 36 3 36 3636 3 36 36 36 30 3630 38 36 36 3 36 36 36 36 38 30 3636 36 36 3 3 0 30 36 363 36 36 363 3636 36 36 36 36 36 36 336 N H AU

52 AVEANG=AVEANG+ROIN(J)*ANGMACH(J) /SUMIN
6363638 56 30 3 3 3 3 3636 3 30 390 3 3638 36 96 3 3636 3 3 H 3336 36 3536 36 36 36 3 36 3636 6 36 333 36 3636 3 360 336 36 3 3 e KKK

#CORRECT TERMINAL AND EXCITATION ANGLES. *
63636 33T 3 3336 I H B I M H I H R KN H N K IR F G H RN KRR NN RH RN
DO 59 J=1»MD
59 ANGTER(J)=ANGTER(J)-AVEANG+0.3
DO 60 J=1sNM
60 ANGMACH (J)=ANGMACH(J)-AVEANG+0.3

AVEANG=0.3
RATEFQ=50+0%( TOTALP-SUMP) /SUMIN
PRINT 3006
3006 FORMAT(53Xs* OPERATING STATE*/)
PRINT 532
532 FORMAT(#* NODE TERMINAL VOLTAGES GENERATOR VOLTAGES
1 COMPUTED POWERS POWER TARGETS#)
PRINT 53
53  FORMAT(* TERM VOLTS TERM ANG  EXC VOLTS EXC ANGLE
1 POWERS VARS VAMPS PTAR QTAR VATA
1R¥)
********************************************************************
*PRINT OPERATING STATE. #

*********************%**********************************************
DO 54 J=1sMD
PRINT 56sJsVREF{J)sANGTER(J) sVM(J) sANGMACH(J) s POWERS(J) s VARS(J) sVA
IMPS(J) sPTAR(J) sQTAR(J) sVATAR(J)
54  CONTINUE
. PRINT 561sTOTALPsTOTALQsTOTALVAsSUMP s SUMQ s SUMVA
PRINT 3003
PRINT 95 ICOUNT
PRINT 2005sEPU
PRINT 30sTIME
********************************************************************
#CALCULATE LOSSES. *
***************************%**************%*************************
DO 70 J=1sMD
DO 70 K=1sMD
70  TOTALPO=TOTALPO+RNR(K s J) #VREF (J)#%2
SUMLOSS=TOTALPI-TOTALPO
PRINT 57sAVEANG
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DQDA
DQDV

ENA
ENORMSQ
EPSI
EPU
EPUS
ETA

F

FAL

G

H
ICOUNT
ICOUNTF
IE

INDEX
IRROR
JCOUNT

K
L

LC
LN
M

MD

N

NF

NM

NN
NODES

79-A

PARTIAL DERIVATIVE OF REACTIVE PCOWER WITH RESPECT TO AN-
GLE.

PARTIAL DERIVATIVE OF REACTIVE POWER WITH RESPECT TO VOL-
TAGE.

TWICE THE NUMBER OF REGULATED VOLTAGE NODESe

ERROR FUNCTION USED BY THE MINIMIZATION TECHNIQUESe.
TOLERANCE FOR MINIMUM OF ERROR FUNCTIONe

VALUE OF ERROR FUNCTION IN RMS PER UNIT.

SCRATCH VARIABLE TO STORE VALUE OF EPUe.

PREL IMINARY GAIN IN SUBROUTINES MODFPOW AND FPOWELL.
SENDING—-END VOLTAGES RECIPROCAL ADMITTANCE MATRIX L BY M.
VALUE OF ERROR FUNCTION ASSOCIATED WITH GAIN AL IN SUBROU
TINE FUNCT.

RECEIVING END VOLTAGES RECIPROCAL ADMITTANCE MATRIX L BY
Me SCRATCH VARIABLE IN MODFPOW AND FPOWELL.

F-G

COUNTER OF NUMBER OF ITERATIONS IN MAIN PROGRAM,.

LOCAL COUNTER FOR SUBROUTINES MODFPOW AND FPOWELL,
COUNTER OF THE NUMBER OF TIMES EPU HAS NOT CHANGED MORE
THAN E-04 .

COUNTER OF NUMBER OF ERROR FUNCTIONS,

DETECTOR FOR SINGULARITY OF MATRICES.

COUNTER OF NUMBER OF CARDS READ AS MACHINE CHARACTERIS-
TICS.

SCRATCH VARIABLE TO SKIP THE USE OF SUBROUTINE ESPD.
NUMBER OF MACHINES WITH VOLTAGE REGULATORS. MAXIMUM NUM-
BER OF ITERATIONS IN SUBROUTINE ODS.

NUMBER OF CIRCUIT LOST.

NUMBER OF LINE LOST.

MAXIMUM NUMBER OF ITERATIONS IN MAIN PROGRAM, NUMBER OF
MACHINES WITH VOLTAGE REGULATORS IN SUBROUTINE ASSEMAD.
NUMBER OF REGULATED VOLTAGE NODESe

DIMENSION OF VECTOR OF ADJUSTABLES,

NUMBER OF ERROR FUNCTIONS TO USE.

NUMBER OF GENERATORS.

SCRATCH VARIABLE.

TOTAL NUMBER OF NODES.

POWER BASE IS 100 MEGAWATTS.

PE
POWER
POWERS
PSPIN
PTAR
QE
QTAR

R
RATEFQ
RNI

RNR

ROIN
RZ

ERROR IN REAL POWER.

COMPUTED REAL POWER AT EACH NODE,

COMPUTED REAL POWER AT EACH NODE.

MAXIMUM REAL POWER AVAILABLE FROM EACH GENERATOR.

REAL POWER TARGET AT EACH NODE,

ERROR IN REACTIVE POWER,

REACTIVE POWER TARGET AT EACH NODE.

RECIPROCAL ADMITTANCE REGULATED VOLTAGES.

RATE OF CHANGE OF FREQUENCY IN PERCENT PER SECOND.
IMAGINARY PART OF ADMITTANCE BETWEEN TWO REGULATED VOLTA-
GE NODES.,

REAL PART OF ADMITTANCE BETWEEN TWO REGULATED VOLTAGE NO-
DESe.

ROTOR INERTIA. GIVEN IN 100 MEGAWATT-SECOND STORED ENERGY,.
REAL PART OF INTERNAL IMPEDANCE.




PROGRAM NNEWT3
BLOCK S

YES Is the number of
iterations £ 2 ?

CALL NEWTON(ICOUNT)

Use Newton's method to
obtain negative of vec-

tor of corrections.

102

!
|

CALL INTER(AA,BB)
CALL ODS(AA,BB,TOLER,100,
ALAMB,FMAX)

Select initial interval
and perform the one-dimen-
sional search to obtain

optimal gain.

U

1 NO

\

\CALL ESPD(K)

————

Compute matrix of secdnd
partial derivatives of

error function w.r.t.

adjustables.

%

CALL MTINV1(BB,0,D,IRROR,
IPIV,IND)

Invert matrix of second

R D

partial derivatives,

\

CALL METHOD(IRROR, LCOUNT)

Check if it is possible
to use second order move
vector. Lf not use Newton'
method to obtain negative

of vector of corrections.

s

{

102

—

80
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2CSs7s0609700007512 ZARATE NNEWT3

Se

PROGRAM NNEWT3(INPUT,QUTPUT)
***************%**%*************************************************
%¥THIS PROGRAM OBTAINS THE OPERATING STATE OF A POWER SYSTEM FROM AN¥
#INITIAL ESTIMATED STATEe. THE PROGRAM USES NEWTONS METHOD FOR THE #
#FIRST TWO ITERATIONS AND THEN THE SECOND ORDER MOVE VECTOR METHODs*
*¥UNTIL SATISFACTORY MINIMIZATION OF ERROR FUNCTION IS ACCOMPLISHED.*
*************%****************%************************************%

COMMON INDEX

COMMON/SHARE/X(100)sDEL(100)sA(100+100) 9N

COMMON/CRST/DELX(100)sDELXN{100)

COMMON/ADMIT/RNR(88)¢sRNI (84+8) sMD

COMMON/COSTS/CP2(8)+CQ2(8)

COMMON/TAR/PTAR(8)sQTAR(8)sVATAR(8)

COMMON/DERIV/DPDV(8s8) sDPDA(838) sDQDV(828) sDQADA(8+8)

COMMON/ERROR/PE(8)sQE(8)

COMMON/REF/VREF(8)sANGTER(8)sVR(8),VI(8)sUMRI(8)sUMI(8)

COMMON/POWER/TOTALPOsTOTALPI sPOWERS(8) sVARS(8) s VAMPS(8)

DIMENSION ROIN(8)sZMR(8)9ZMI(8)sPSPIN(8)sVM(8B) s ANGMACHI(8)

DIMENSION CP(8),CQ(8)

DIMENSION BB(1691)sIPIV(16)sIND(16+2)

CALL SECONDI(TI)
***********************%******************************************%*
#READ DIMENSION OF VECTOR X (N=2%MD)s MAXIMUM NUMBER OF ITERATIUNSs*
#SCRATCH VARIABLEs NUMBER OF ERROR FUNCTIONS TO USEs NUMBER OF NO=- #
#DESs TOLERANCE FOR MINIMUM VALUFE OF ERROR FUNCTIONs AND TOLERANCE *
#FOR ONE-DIMENSIONAL SFARCH. #*
********************************************************************

READ 3sNoMsKsNFsMDsEPST s TOLER

FORMAT(51592F10e6)

NN=N

INDEX=0

5 INDEX=INDEX+1 .
********************************************************************
¥READ INITIAL ESTIMATE OF NODE VOLTAGES AND ANGLES GIVEN AS A VEC- *
#TOR Xe THE FIRST MD FLEMENTS OF THIS VECTOR ARE THE NODE VOLTAGES*
#AND THE LAST MD ELEMENTS ARE ANGLES. DIMENSION OF X IS THEN N *
36 36 3 3 3 36 36 36 56 3 3 36 0 36 3636 3 K 3 36 306 B 3 3 B % 36 58 2 % 3K 2 36 36 3 3 3 K303 3 3 36 3636 % I 3R KN H K H N

READ 2s(X(1)sI=1aN)

2 FORMAT(8F1046)
********************************************************************
#*READ ADMITTANCE MATRIX OF REGULATED VOLTAGE NODES. ¥
********************************************************************

DO 2000 J=1sMD

DO 2000 I=1sMD

READ 2001 sRNR(IsJ)sRNI(IsJ)

2001 FORMATI(2F10.6)
2000 CONTINUE

***************************%*%************%*******************%**%**

*READ SENSITIVITY COEFFICIENTSs AND POWER TARGETSe *
RN H RN R R HH N R R KA K NI H R R R RN R H R I RH RN

DO 2002 J=1sMD



2003

2002

160

161
162
163
313
164
316
336

337

NN NN

45
338
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READ 2003sCP({J)sCQ(J) sPTAR(J)sQTAR(J)

FORMAT(4F14,9)

VATAR(J)=SQRT(PTAR(J)#¥2+QTAR(J) #%2)

CP2(J)=CP(J)*3#2

CR2(J)=CQ(J)*#2

CONTINUE

CALL SECOND(PTL)

PRINT 1

FORMAT(1H1)

PRINT 160

FORMAT(//45H ADMITTANCE MATRIX RN REGULATED VOLTAGE NODES /7)

DO 164 KA=1sMDs4

IF(KA+3-MD)162+161+161

KB=MD

GO TO 163

KB=KA+3

PRINT 3135 (JCHsJCH=KAKB)

FORMAT(/4130/)

DO 164 J=1sMD

PRINT 3163Js (RNR(JsK)sRNI (JsK) sK=KAKB)

FORMAT(I534(F17e29F1362))

PRINT 4008

PRINT 336

FORMAT (20X s%* MACHINE CHARACTERISTICS#*/)

PRINT 337

FORMAT( 66H NODE INERTIA RESISTANCE REACTANCE MA
1XIMUM POWER )

JCOUNT=0

SUMIN=0,
36 336 36 H 3 303 38 3636 36 36 36 30 3 3 3 36 36 9 36 3 3 36 330 330 303 3 30 3636 3638 36 36 3 36 3 3 36 3 3 3 36 36 36 36 3 36 35 I 3 I I3 365N
#READ MACHINE CHARACTFRISTICSs INERTIAs REACTANCFs MAXIMUM POWER, *
#AND NUMBER OF MACHINFS, *
36 3t 36 3 3 36 36 36 3 36 36 3 3¢ 30 3 36 36 30 3 336 36 3 3 36 36 3 530 3636 30 3 I 36 3 36 38 3 3036 36 3 36 3 36 36 36 H I I I IS H W IH RN
READ 338 3sJsROIN(J)sZMR(J)sZMI(J) sPSPIN(J) s NM

FORMAT(I1392Xs4F1546510Xs15)

SUMIN=SUMIN+ROIN(J)

JCOUNT=JCOUNT +1

PRINT 3385sJsROIN(J) 9ZMR(J) $ZMI(J) sPSPIN(Y)

IF(JCOUNTWLT«NM)IGO TO 45

PRINT 3000

3000 FORMAT(//7/953Xs% INITIAL STATE*/)

C
C
C

3001

3 3 36 36 3 36 30 3 3 36 3 3 36 36 36 30 30 3 3 3 30 I 363 3096 36 30 36 36 3630 56 3 3635 36 3 I 56 363 3 3630 I I WIS FKIEH K

*OBTAIN INITIAL ERROR, *
HR R HH R KR HRH R RIS R FFRFRHREF RN R RN HH AR RHHR R R R IR RS
CALL REST(ENORMSQ)

ENA=24#MD

EPU=SQRT ( ENORMSQ/FENA)

PRINT 3001

FORMAT (% NODE TERM VOLTS TERM ANG cP cQ

1 POWERS VARS VAMPS PTAR QTAR VATA
1R#*)
Ly R L T R AR T TR S S P L

*¥*PRINT INITIAL STATE. *
A H RN R AR LRI R H R H I3 % A RN IR R RRRHHRR R RS

DO 3002 J=1sMD
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3002 PRINT 569JsVREF(J)sANGTER(J) sCP(J) sCQ(J) sPOWERS(J) s VARS (J) s VAMPS (U
1) sPTAR(J) sQTAR(JI s VATAR(J)

56 FORMAT(I1394XsF1Je692XsF10e5632X9F10e692X3F10e682X9F10eb492XsF10e492X
19F10e432X9F10e492XsF10e492X9F10e4)

PRINT 3003
3003 FORMAT(/)
C 3 3636 3 % 36 3963 306 36 5 03006 326 9 308 % 3 3 369 30T K H K A3 3 % 3 H M0 I 3303 3 I I3 K 30 B
C #PRINT INITIAL ERROR IN RMS PER UNIT VALUE, ¥
C 3636 36 3 36 0 5 5 3030 3 36 3 33 3 3 30 5 3 3 B K I 390 3 3 33 3 30 3 3635 336 30 S 300 3 330 I H R KUK R KRR

PRINT 5s4EPU
CALL SECOND(PT2)

ICOUNT=0

IE=0

EPUS=0.
C 3363 3 3 F 36 36 3636 36 36 3 3 3 3 36 36 36 366 36 3036 3 3 30 H 33 K 0 030 336 3 9 303030 3 3630 363 6 0 H 3 36 3636 36 6 K 3033 KK R K
C #TAKE ONLY (2%MD-1) ELEMEMTS IN X BECAUSE OF REFERENCE ANGLE. *
C B H BT 332 B2 B3 3 e R R KT KIS 330 K 2360 WK K KA

N=N=-1

CALL SECONDI(TZ2)

TIME=T2-T1-PT2+PT1

PRINT 31,TIME

PRINT 4008

7 CALL SECONDI(TI)

C 26 36 36 3636 33 6 330 3 K F 3 I 3 B KK K K H B F IR I IR
C #OBTAIN THE GRADIENT OF ERROR FUNCTION. ®
C 3336 336 36 3 36 36 36 3 3 3 36363 % 3 H 3 3636 303 3096 3 o1 SR I M 2 36330 06 3336 336 36336 3 NI HH KK A XA

CALL GRADI1

ICOUNT=TCOUNT +1

IF(ICOUNTWLE«2)1005101
C 3363 3 36 3% 636 S0 6 3 336 36 30 H 26 30 3 396 50 0 30 3 o6 3 403 33650 H 023 36 30 3 3 H KIS KA R BHAFA AN
C #UUSE NEWTONS METHOD FOR FIRST TWO ITERATIONS. *
C 33 36 636 3 336 336 3 9 3 3 963 3 336 96 336 3 3 3630 3636 36 3 336 33630 3 06 I 303036393 30 H KR T XK KK

100 CALL NEWTON(ICOUNT)
GO TO 102
101 CONTINUE

*******%***%******************%%%**********%********%***************

CALL ESPD(K)
DO 8001 I=1sN
8001 BB(Is1l)=1e0
33 2 36 A 3 e R IR R R 3BT R K I IR T H S I I RIS RIS

* INVERT MATRIX OF SECOND PARTIAL DERIVATIVES. *
33636 3 33 363 2 3 I 36 5 B I I 3 I H 0 33 Fe 30 B K A e I I K I H IR I H IR

CALL MTINV1(BB»sOsDsIRRORsIPIVsIND)
*************%***%*********************%****************************
*CHECK IF IT IS POSSIBLE TO USE THE SECOND ORDER MOVE VECTOR. 0B- ¥
*TAIN VECTOR OF CORRECTIONS. *
********************k*%**************%*%********************%******%

CALL METHOD(IRRORs ICOUNT)

102 CONTINUE
***********%******************%*%%***************************%******

#*PERFORM A ONE-DIMFNSINNAL SEARCH TO OBTAIN OPTIMAL LAMBEDA *

C 563036 3 6 36 36 3 36 3 36 6 36 36 36 6 36 36 90 36 236 36 36 6 K 3 33 35 3 3 23 38 3 3 0K 363 3636 3 3 33 33 MR HAF KX
C #USE SECOND ORDER MOVE VECTOR FOR THE REMAINING ITERATIONS. *
C #COMPUTE MATRIX OF SECOND PARTIAL DFRIVATIVES OF ERROR FUNCTION *
C #WITH RESPECT TO ADJUSTABLES. ¥
C

[aNARANA] NN O

N
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T 33696 3 36 3 3 3 33030 3630 30 336 30 39 34 3036 3630 330303 30 36 30 36309 33 3036 36 36 36 3036 96 38 36 9636 36 36 36 33 3 30 3 H K R
CALL INTER(AA,B8B)
CALL ODS(AAsBBsTOLERs100sALAMBSFMAX)
LR e R S R S T L R A s L T R R R Py 2 e

#OBTAIN NEGATIVE OF CORRECTIONS AND CORRECT VECTOR X *
W WS N I R I I I I I I I I I I K NN IR IR RN
DO 20 J=1sN
D=ALAMB#DELX(J)
X(J)y=X(J)-D

CONTINUE
36 9636 36 3036 336 36 363 36 36 30 36 303 333 50 3 3 303 30 36 30 309036 36 30 30 30 36 3 36 3 36330 36 3036 38 3696 36 36 I 366 96 36 0 3 36 6 638 3 36 36 36 ¢
#COMPUTE NEW ERROR. *

36 3638 36 3630 363636 36 36 36 336 H 303 3030 303636 36 39 3 3030 3 33 H 330 3 RIS I K KW KR
CALL REST(ENORMSQ)
ENA=2¢*MD
EPU=SQRT (ENORMSQ/ENA)

3 3696 3 3638 336 30 3 30 36 34 3633 338 3330 30 3 H I 360336 36 3 338 3836 0 3 3030 36 36 30 96 9636 3 3 96 36 3696 96 96 6 36 3 969 3 36 3 2

*RESTITUTE ENTIRE DIMENSION IN X FOR PRINTING PURPOSES, *
3 36 36 36 3 36 36 36 3036 3 3030 30330 303 H 330 F I H KK H I B HH K I 2 K 3K
N=NN '

3 3636 36 36 36 3636 30 3636 3630 306 303000 360 3 6 330 30 3 396 36 30 3630 36 30 30 36 96 330 36 36 3638 9606 9 26 96 3636 96 3 3696 K 6 6 36 K H 3 36 2
¥CHECK IF THE DIFFERENCE BETWEEN NEW AND PAST ERROR IS LESS THAN *

*OR EQUAL TO E-10 FOR TWO CONSECUTIVE TIMES. #
36 36 36 3 36 3 36 36 38 3636 36 36 36 36 36 36 34 32 36 3636 36 34 I I 36 3 363 3 36 I 36 3 36 36 3 3 36 35 3 36 363 96 9 3 36 3 36 3 36 I 35 W 36 6 3¢ 3 3% 636 3 336 3¢
DEPU=ABS ( EPU~EPUS)
IF (DEPU.LEe1e0E-10)11913
IE=IE+1

IF(IFeGE+21GO TO 10

IF(1E«EQe1)GO TO 12

1E=0

EPUS=EPU
36 36 3 36 35 36 36 30 36 36 3 36 36 3 3 36 3 36 36 36 36 36 6 I e 3 9 34 36 36 3 36 3 36 3 36 35 36 3 3 36 3 36 36 636 I 3 396 I 36 I I 3 636 36 36 9 36 3 % *
#CHECK IF THE VALUE OF THE ERROR IS LESS THAN OR EQUAL TO THE DESI-#
*RED MINIMUM, *
F6 36 3 3636 33 3 3 3 3 30 3 36330 363 30 3 36 3t 36 36 I 36 36 36 36 3 36 3 3636 36 36 3 3 303 36 36 36 I 36 W I I 3 I I 3¢ 3¢ I 36 I I I 3 RN

IF(ABS(EPU) «LE.EPSIIGO TO 10
3 36 36 3 330 363 30 303 5 3 36 303636 36 30 3 H 338 903 33 3036363 3 30 36 3 36 36 3 30 3630 0 30 36 96 3096 36 96 36 3696 36 6 3 36 969 36 36 36 36 3 36 36 3

#CHECK NUMBER OF ITERATIONS. *
WA I I I E R F NI H IR IR H RN R RFRNR RS
M=M=-1

IF(MeLE«O) GO TO 35
CALL SECOND(T2)
F 363063636 K 36 3 3 3 3030 36 36 330 300 30 036 30 30 303 30 336 30 34 0 3036 36 T 333030 36 96 309630 9 3 I 96 36 36 36 36 336 3 B H KR K

#PRINT NEW RMS PER UNIT ERROR. *
3 383 3036 3 30 3 36 36 36 36 30K 330 3003 F 3 330 3 30 36 30 3036 90 36 3630 36 36 36 96 36336 36 36 3636 36 96 36 9 3696 36 38 3 36 0 33 3 H KKK
PRINT 95 ICOUNT
PRINT.. 5yEPU
TIME=TIME+T2-T1
PRINT 30sTIME
PRINT 4008

4008 FORMAT(//)

36 36 36 36 36 3 36 36 Fe 3 36 3 36 3 3635 36 36 35 3036 36 3 36 3636 36 36 3 36 36 36 3 36 3 3 3 I I3 I 30036 3 I WKW WM NN H KR

*SET DIMENSION OF X TO N-1 AND PERFORM ANOTHER ITERATION. *
3 3636 38 336 36 3 30 3636 36 36 36 36 3636 36 3 330 30 3 3030 36 30 36 30 5036 3636 36 30 3630 0 36 36 3030 36 36 36 35 36 96 36 3 3636 36 36 36 36 3 36 36 36 36 36 3 3 36 3 % 3%

N=N-1
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3006

53

54

70
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66

85
Go TO 7
PRINT 65 ALAMB
FORMAT (% MORE ITERATIONS NEEDED LAMBDA=*3F10¢4)
CONTINUE
CALL SECOND(T2)
TIME=TIME+T2-T1

AVEANG=0.
3636 3 3 36 636 3636 3 3 303 HH I K3 K H K R R 0 3 I I R R RN
#COMPUTE EXCITATION VOLTAGES AND EXCITATION ANGLES. *

B R ad R R T T g e e e A 2 T R ST R R S S R Rt g
DO 52 J=1sNM

VMR=ZMR (J) ¥UMR(J)=ZMI (J)*UMI (J)+VREF(J)*¥COS(ANGTER(J))
VMI=ZMI(J)*UMR(J)+ZMR(J)¥UMI (J)+VREF{J)I*SIN(ANGTER(J))
VM(J)=SQRT (VMR##24+YMT %%2)
ANGMACH(J)=ATAN2(VMI s VMR)

T R R R L T e R e T R RS R R R R S R T s

#CALCULATE AVERAGE ANGLE. *
e A A T R R TR R S R s S L R T

AVEANG=AVEANG+ROIN(J)*ANGMACH(J) /SUMIN
R T T TRt Ry R R Y R R R R R R R R R S X S A

#*CORRECT TERMINAL AND EXCITATION ANGLES. *
36 36 36 3 3 3 I3 I 36 3 35 3 36 3 36 I I 36 I K I 36 3 36 3635 36 3 3 I I 36 363 36 3 363K I I I 36 36 36 36 36 3 26 3% 3 I I K36 36 36 363 I F K
DO 59 J=1sMD
ANGTER(J)=ANGTER(J)-AVEANG+03
DO 60 J=1sNM
ANGMACH ( J) =ANGMACH (J) =AVEANG+0 « 3

PRINT 3006

FORMAT(53Xs% OPERATING STATE%/)

PRINT 53

FORMAT (¥ NODE TERM VOLTS TERM ANG EXC VOLTS EXC ANGLE

1 POWERS VARS VAMPS PTAR QTAR VATA

R*
i**;**************%*************************************************
#PRINT OPERATING STATE. *

R R g s T XL R e R T R Y
DO 54 J=1,MD
PRINT 569J9sVREF(J)sANGTER(J) sVM(J) yANGMACH(J) s POWERS(J) s VARS(J)sVA
IMPS(J)sPTAR(J)sQTAR(J) s VATAR(J)
CONTINUE
PRINT 3003
PRINT 9, ICOUNT
PRINT 2005sEPU
PRINT 30sTIME
36 3 36 3 3 30 3 3 330 30 36 3 30 H H I H 303630 3 3 3696 36 36903 3 3 36 36 363 3 3 K 330 36 3 3 30 330 3 3 33303 0 363 33693 % KR

#CALCULATE LOSSESe. *
T Ry R R T P

DO 70 J=1sMD

DO 70 K=1sMD

TOTALPO=TOTALPO+RNR(KsJ) ¥VREF (J) ##2

SUMLOSS=TOTALPI-TOTALPO

PRINT 57 sAVEANG

FORMAT (¥ AVERAGE ROTOR ANGLE =%4F10e6)

PRINT 66sTOTALPI

FORMAT (#¥ SUM OF POWER INPUTS =#4F1546)

PRINT 67-TOTALPO



2005

30
31

FORMAT (% SUM OF POWER OUTPUTS =%,F1546) 86

PRINT 58sSUMLOSS

FORMAT (% SUM OF POWER LOSSES =%5sF15.6)
333 3 H 3006 336 0 32 F 0 B 336 B0 I H3 F K I I I IR H KRR IH R

#CHECK IF THERE IS ANOTHER FRROR FUNCTION TO USE. *
336 3 336 H6 336 23630 36 36 F I B34 36 3 3 3% 2030 03 3030 3636 36 30 336 0 36 363030 3 36 303006 30 3 30 363006 3030 30 R H R

IF{INDEXeLToNF) GO TO 25

FORMAT (¥ EPU =%3F10e5)

FORMAT (% MIN EPU =%sF10e5)}

FORMAT(* ITERATION NUMBER%*,13)

FORMAT (% TIME AT THIS ITERATION =%5F10.5)

FORMAT (% TIME SPENT BEFORE ITERATING =%sF1065)

RETURN ‘

END



o

PROGRAM NNEWTL
BLOCK S

YES

Ts the number ofﬂ\\ NO

iterations <27/

CALL NEWTON(ICOUNT)

CALL FPOWELL (ICOUNT,TOLER,ALAMB)

Use Newton's method to

obtain negative of vec-

tor of corrections,

\

Use Fletcher and Powell's me-
thod to obtain negative of vec-
tor of corrections and the opti-

mal gain to be used with it.

CALL INTER(AA,BB)
CALL ODS(AA,BB,TOLER, 100,
ALAMB,FMAX)

Select initial interval
and perform the one-di-
mensional search to ob-
tain optimal gain to be
used with the vector of

corrections.

87
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J7512CSs 7060700007512 ZARATE NNEWT4
RUN9Se
LGO.

PROGRAM NNEWT4 (INPUTLOQUTPUT)

C St 3638 36 36 6 36 3 3 36 36 36 36 36 3 3 I 30 5 3 36 3 96 35 36 36 3 3 3 36K 3 96 36 30 36 36 3 3 36 3 3 36 5F 3 I 36 336 I 36 36 36 6 36 H I 33 3R
C #THIS PROGRAM OBTAINS THE OPERATING STATE OF A POWER SYSTEM FROM AN#¥
C #INITIAL ESTIMATED STATEe THE PROGRAM U3ES NEWTONS METHOD FOR THE ¥
C #*FIRST TWO ITERATIONS AND THEN FLETCHER AND POWELLS METHODs UNTIL *
C *SATISFACTORY MINIMIZATION OF ERROR FUNCTION IS ACCOMPLISHED. *
C H N I I I N I N FH I R R IR NIRRT R RFR

COMMON INDEX

COMMON/FLET/G(20)55(20)5AC(20520)9BC(20520)sICOUNTF

COMMON/REF/VREF (8) s ANGTER(8) sVR(8) sVI(8) sUMR(B) sUMI(E)

COMMGN/POWER/ TOTALPOs TOTALPI sPOWERS(8) sVARS(8) s VAMPS(8)

COMMON/SHARE /X (100) sDEL(100)sA(1005100) sN

COMMON/CRST/DELX(100) sDELX0(100)

COMMON/ADMIT/RNR(858) sRNI (858) sMD

COMMON/COSTS/CP2(8)5CQ2(3)

COMMON/TAR/PTAR(8) sQTAR(E) s VATAR(8)

COMMON/DERIV/DPDV(858) sDPDA(858) sDQDV(858) sDANA(858)

COMMON/FRROR/PE(8) sQF ( 8)

DIMENSION ROIN(8)sZMR(8)sZMI(E)sPSPIN(8) sVM(8) s ANGMACH(E)

DIMENSION CP(8)+CQ(8)

CALL SECOND(T1)
C 36 3630 3 3 36 36 36 36 36 3F 36 3 3 36 B 3 3 36 K 33 3 336 3 3 3 3 3 3 I 33 3 3 3636 36 36 36 36 3 36 36 3 3 3 I 36 3 9 36 3 36 36 3 36 36 36 3 3 e
C *READ DIMENSION OF VECTOR X (N=2%MD)s MAXIMUM NUMBER OF ITERATIONS»#
C %*SCRATCH VARIABLE»s NUMRER OF ERROR FUNCTIONS TC USEs NUMBER OF NO- *
C #DESy TOLERANCE FOR MINIMUM VALUE OF ERROR FUNCTIONs AND TOLERANCE #
C *#FOR ONE-DIMENSIONAL SFARCH. *
C 34 3 B 363606 3 36 3 36 36 I 3636 3 35 30 36 36 36 36 9 36 3 3236 3236 36 36 3636 36 36 3 36 3636 30 30 6 I 3 I A I K W MK F AR

READ 3sNsMsKsNFsMDSEPST s TOLER

3 FORMAT(51592F10e6)
NN=N
INDEX=0
25 INDEX=INDEX+1

C J 32 I 36 336 36 3 3 3 3 3 3 3 56 3 3% 36 36 36 3 36 3 3 I 36 5 363 3 3 3 36 3638 3 3 3 30 3E 36 3 3636 3 3 H K I 6 336 36 3 M I K HIHFK N
C *READ INITIAL ESTIMATF OF NODE VOLTAGES AND ANGLFS GIVEN AS A VEC- *
C *TOR Xo THE FIRST MD FLEMENTS OF THIS VECTOR ARE THE NODE VOLTAGESs*®
C *AND THE LAST MD ELEMENTS ARE ANGLESe. DIMENSION OF X 1S THEN Ne *
C 36 3 36 3 36 3 3036 3 3 3 363 36 3 36 3 36 36 36 36 36 36 3 3 3 3 30 36 36 3 3 36 3 3 3630 36 3K 3 36 36 36 3F 36 36 36 3 36 3 36 96 36 36 36 3 36 36 3 3 ¢ 3 % 3¢

READ 25(X(1)sI=1sN)

2 FORMAT(8F1066)

C 36 3 3 36 3 30 36 36 3 3 3 3 3 3 % 36 3 36 3 36 36 3 3 3 T 3436 36 36 3 36 36 30 38 3 3 3 3 30 36 3636 3 36 3 K I I 36 36 3 I 3 3 3 e KA N
C *READ ADMITTANCE MATRIX OF RFGULATED VOLTAGE NONES, *
C 36 336 3 36 36 33 2 3 3 363 % I K 3 3 F S0 3 I K 3 3 I 36 3 3 3 3 36 3 36 36 3 36 3 3 36 3 36 36 36 36 3 36 36 3 36 36 36 3 36 36 3¢ 36 3 F K 33

DO 200C J=1sMD
DC 2000 I=1,MD
READ 2001 sRNR(I9J)sRNI(IsJ)
2001 FCRMAT(2F10.6)
2000 CONTINUFE
R T T T R R R X LT R R R R R R RS L

#RFAD SENSITIVITY COEFFICIENTS, AND POWER TARGETS,. *
33636 3 3 3 36 3 336 3656 3 3 3 H T 363030 2 I3 0 H 3 3 363 3 H I H 336 H I K 3636 3 33 K 3 W R WK HHH

DO 2002 J=1sMD

AN



2003

2002

160

161
162
163
313
164
316
336

337

NONN

45
338

89

READ 20035CP(J)sCQlJ)sPTAR(J) sQTARI(J)

FORMAT (4F1409)

VATAR(J)=SQRT (PTAR(J) #%#2+QTAR(J) #%2)

CP2(J)=CP(J)%%2

CO2(J)=CQUJI)#*2

CONTINUF

CALL SECOND(PT1)

PRINT 1

FORMAT (1H1)

PRINT 160

FORMAT(//45H ADMITTANCE MATRIX RN REGULATED VOLTAGE NODES  //)

DO 164 KA=1sMDs4 .

IF (KA+3-MD)16251615161

KB=MD

GO TO 163

KB=KA+3

PRINT 313 (JCHsJCH=KASKB)

FORMAT(/4130/)

PO 164 J=15MD

PRINT 316sJs (RNR(JsK)sRNI(JsK)sK=KAsKB)

FORMAT(1594(F17025F1362))

PRINT 4008

PRINT 336

FORMAT(20Xs* MACHINE CHARACTERISTICS#*/)

PRINT 337 :

FORMAT( 66H NODE INERTIA RESISTANCE REACTANCE MA
1XIMUM POWER )

JCOUNT=0

SUMIN=0,
*************************************%******************************
#*READ MACHINE CHARACTERISTICSs INERTIAs REACTANCEs MAXIMUM POWERs *
*AND NUMBER OF MACHINES, *
*************************%******************************************

READ 3385JsROIN(J) 9ZMR(J)sZMI(J)sPSPIN(J) »NM

FORMAT(13+2Xs4F15.6510Xs15)

SUMIN=SUMIN+ROIN(J)

JCOUNT=JCOUNT+1

PRINT 338sJsROIN(J)sZMR(J) sZMI(J) sPSPIN(J)

IF(JCOUNToLToNM)GO TO 45

PRINT 3000

3000 FORMAT(///953Xs% INITIAL STATE*/)

C
C
C

3001

NN

***********%***************%*******************%********************

#ORTAIN INITIAL ERROR, ¥
36 3 30 B30 I3 3636 33696 36336 346 40 3 36 90 0 3050 I H A 330 K I H A6 A H R AR HH IR R RIHF RN
CALL REST(ENORMSQ}
ENA=2,6 %MD
EPU=SQRT (ENORMSQ/ENA)
PRINT 3001
FORMAT (¥ NODE TERM VOLTS TERM ANG CcP cQ
1 POWERS VARS VAMPS PTAR . QTAR VATA
1R#)
P R P T R R L TR R R R T A R R R e R R L S Rt L b

¥PRINT INITIAL STATE. *®
B R I E TR TR XL e R TR R e R L LS R e R Rt L b b

DO 3002 J=1,MD
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[ANa RS}

‘e Wala

o0

90

3002 PRINT 56sJsVREF(J)sANGTER(J) sCP(J) sCQ(J)sPOWERS(J)sVARS(J) s VAMPS Y

56

1)sPTAR(J) s QTAR(J)Y s VATARI(J)
FORMAT(I354XsF1Ua692XsF1l0e692XsF106692X2F10e682XsF10e492XsF10e452X
19F10e%492XsF10e43s2XsF10eb4s2XsF10e4)

PRINT 3003

3003 FORMATI(/)

100

101

261

20

W W WA NI R R R U H N R A N R RN K I H RN NI N KRR R R RN
®¥PRINT INITIAL ERROR IN RMS PER UNIT VALUE. *
A W I N N N N K R A KRR H N F R RN FH R R A AR AR HH AR R TR

PRINT 55EPU

CALL SECOND(PT2)

ICOUNT=0

IE=0

EPUS=0e
F R H R H R KN N H NN H R R TR F R I NS R H RN H AR RN AMF I R HXFEXN®R
*TAKE ONLY (2%MD-1) ELFMENTS IN X BECAUSE OF REFERENCE ANGLE. *
F ¥ S I I I B 3 S 3 3 0 I I 30 3030 3 W A I M I I I R KM IR I K R H I K W R FH KK N

N=N-1

CALL SECOND(TZ2)

TIME=T2=-T1-PT2+PT1

PRINT 31,,TIME

PRINT 4008

ICOUNTF=0

CALL SECONDI(TL)
F WA H R N R RN KR R R I I H AN IR R W R AEH R AT
#0OBTAIN THE GRADIENT OF ERROR FUNCTION. *
W e 3 B 3 0 I3 0 KSR I H N S F PR M I I K IR I H A H AR R KKK

CALL GRAD1

[COUNT=ICOUNT+1

[F(ICOUNTeLE«2)1005101
3 3 33 A H K R R K I I 3 3 336 36 330 3 3 H I I KRR K H KR

*UJSE NEWTONS METHOD FOR FIRST TWO ITERATIONS. ¥*
EE R R R R R R R R R £ T SRR RO R R T SRR R R A
CONTINUE

CALL NEWTON(ICOUNT)
M R RN N W R I H N R N K KRR KR

*PERFORM A ONE-DIMFNSIONAL SFARCH TO OBTAIN OPTIMAL LAMBDA. #
e FE R N K N I N I H W N HF H N NI W I W IR R HE I AW WHHFEHARILN
CALL INTER(AAsBB)
CALL ODS(AA3sBBsTOLZRs100sALAMBsFMAX)

GO TO 261
HEH R E R F I F IR R R A F R RN A F X X RN WA NN R R FHHHH I HFRFHEEH
*USE FLETCHER AND POWFLLS MFTHOD FOR THE REMAINING ITERATIONS. %
F R K R R R NI R N R R IR IR R R U H R H RN FFHFHUSN
CONTINUE
CALL FPOWELL(ICOUNTsTOLER s ALAMB)
CONTINUE -

DO 20 J=1sN
b R R R R S R R O R I TR T L H A I R T SR e T - S R T O R S TR O O S R R e b
#*OBTAIN NEGATIVE OF CORRECTIONS AND CORRECT VECTOR X. *
I H W R I I e R I M K I A I I A Y N M N I A H N R F N
D=ALAMR¥DELX (J)
X(J)=X(J)=D v
CONTINUF
B b R e e L T L b b I A A R R ML T
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#COMPUTE NEW ERROR, ’ , *
*************************************%******************************

CALL REST(ENORMSQ)

ENA=2 %MD

EPU=SQRT ( ENORMSQ/ENA)
****************************%***************************************

#RESTITUTE ENTIRE DIMENSION IN X FOR PRINTING PURPOSFS, *
RN RN H R B R R R BRI R IR 48 H KRR RIH IR R HHHH LR
N=NN

3636 3 H 9 36 369 36 36 3 H 33 303058 3 230 K 3 36 3 3633036 3635 338 3 36 F K 36 60 S K H IR HRK

#CHECK IF THE DIFFERENCE BETWEEN NEW AND PAST ERROR IS LESS THAN *
#OR EQUAL TO E-10 FOR TWO CONSECUTIVE TIMES. ¥
HH R IR F BT KRR R R I H I K NI I I KK KN M KRN HHF N RN

DEPU=ABS (EPU-EPUS)

IF(DEPUoLFEe100E~-10)11513

IE=IE+1]

IF(IEoGE-2)GO TO 10

IF(IE.EQ.1)GO TO 12

IE=0

EPUS=EPU
3 36303630 30K I3 30036 6 B 036330 3 H H AT R K I 0363030 I AN K KRR KRR
¥CHECK IF THE VALUE OF THE ERROR IS LESS THAN OR EQUAL TO THE DESI-*
#*RED MINIMUM, #
A s T X S R e R S R S ARt A

IF(ABS(EPU)GLES.EPSI)IGO TO 10
Fo3 I H I IR KNI IH R H IR IR R R H I R KK IR KR RN

¥*CHECK NUMBER OF ITERATIONS. ®
R R R R S R S R L R R S R L S s
M=M~1

IF(MoLE.Q) GO TO 35
CALL SECOND(T2)
3036 3 3 6 B I IR K IR R R KRR W FRR I HH KRR RH RN KK

¥PRINT NEW RMS PER UNIT ERRORo *
3363 3 30 3 3 B B 3 6 I B0 I 3 36 3 I K I I R R
PRINT 99 ICOUNT
PRINT 5,EPU
TIME=TIME+T2-T1
PRINT 30sTIME
PRINT 4008

4008 FORMAT(//)

C
C
C

N NN

RN KRR NI R IR HE R RN R HR KRNI H R R IR

*SET DIMENSION OF X TO N-1 AND PERFORM ANOTHER ITERATION. ¥
FoH 3 R AR R H IR R R IR IR R E R R I H IR R K I H R RN KR
N=N-1
GO TO 7

35 PRINT 6, ALAMB
6 FORMAT(#* MORE ITERATIONS NEEDED LAMBDA=%¥,F10.4)
10 CONTINUE

CALL SECONDI(T2)

TIME=TIME+T2-T1

AVEANG=0.
36 3 3 36 3636 36 36 36 30 9 36 36 I 36 369 30 3 3 I3 K I3 33 3 36 36 3 I I I 33 6 SF I IE 3 36 I3 3036 3 I I I I H X HIHHHH
#COMPUTE EXCITATION VOLTAGES AND EXCITATION ANGLES. *

o H R 3 RIS I I H IR H IR R H R KRR F R R
DO 52 J=1sNM



]

NNN

NN ON

[aNaXe

N OO

52

59
60
3006

53

54

70

57
66
67

58

2005

30

92

VMR=ZMR (J)%UMR (J)=ZMI1 (J) *UMI (J)+VREF (J) ¥*COS(ANGTER(J))
VMI=ZMI(J)*UMR(J)+ZMR (J) #UMI (J)+VREF (J)*SINCANGTER(J))
VM(J)=SORT (VMR*3#24VM] %2}
ANGMACH ( J) =ATAN2 (VMI s VMR)
320303 30 36 36 36356 I3 3 36 263636 96 3636 F0 36 3630 336 S0 30 3 363030 H KK

#CALCULATE AVERAGE ANGLE. *
53636 36 56 36 36 3636 36 36 3 3 36 36 36 3 36 3696 36 36 3 3 03 30 36 036 36 330 I3 H3E IS0 K 303K 3 3OO R RAFRHR

AVEANG=AVEANG+ROIN(J) *ANGMACH(J) /SUMIN
305 36 33 3 36 K33 36 H I I H I R KK I KKK R KNI NI

#CORRECT TERMINAL AND EXCITATION ANGLES. *
********************************************************************
DO 59 J=1sMD
ANGTER(J)=ANGTER(J)~AVEANG+0e3
DO 60 J=1sNM
ANGMACH (J) =ANGMACH ( J)} =AVEANG+0 63

PRINT 3006

FORMAT (53Xs% OPERATING STATE®/)

PRINT 53

FORMAT (# NODE  TERM VOLTS  TERM ANG  EXC VOLTS EXC ANGLE

1 POWERS VARS VAMPS PTAR QTAR VATA
1R#)
************%**%**%*******%*%***%***********************************
#*PRINT OPERATING STATF, *

B33 3 336 9636 3 3 3 5 % 36 3636 3 3636 39 3 3% 3 3K 363 3636 30 3636 3630 3 3 306 3 363 9 3 333006 363 H I M X R KRR
DO 54 J=1-MD

PRINT 56sJsVREF(J)sANGTER(J) sVM(J) s ANGMACH(J) s POWERS(J) s VARS(J) s VA
IMPS(J)sPTAR(J) sQTAR(J) sVATARI(J)

CONTINUE

PRINT 3003

PRINT 9, ICOUNT

PRINT 20055EPU

PRINT 30, TIME
33636 36 36 36 36 36 3 3 36 366 3 36 36 36 36 3 3 3636 36 36 3 3036 36 3 36 36 35 3 30 3 36 36 36 36 3636 3 3 0 3036 36 K K I3 KK H R H Kk

#CALCULATE LOSSES, #
6336 36 36 S H 0 336 36 36 30 36 3 963 36 336 36 30 3 33 3 30 3K 3 H 3 K33 3 3 3R H 3 I 33 H 6 KR F R IR
PO 70 J=1sMD
DO 70 K=1,MD
TOTALPO=TOTALPO+RNR(K s J) *¥VREF (J) %2
SUMLOSS=TOTALPI-TOTALPO
PRINT 579AVEANG
FORMAT(# AVERAGE ROTOR ANGLE =%5F10.6)
PRINT 66sTOTALPI
FORMAT (% SUM OF POWER INPUTS =%3F1566)
PRINT 67sTOTALPO
FORMAT (# SUM OF POWER OUTPUTS =%,F15.6)
PRINT 584sSUMLOSS
FORMAT (% SUM OF POWER LOSSES =%4F1546)
$6 363636 3 36 0 6 3 36 3 9 3 2436 3600 36 3 3 26 3636 3 630 36 30 6 36 36 36 36 38 3 3 3 33030 3036 36 9 36 36 3 30 336 33 MM HHH R A

#CHECK IF THERE IS ANOTHER FRROR FUNCTION TO USEo. *
636 3 3 3636 3636 3 3 3 3636 06 36 3 3 336 3 H 396 3% 3 3 29 3630 3 3636 B 36 34 3 3 I I I 3K 3 I3 330 3 0 H N K
IF(INDEX.LToNF) GO TO 25
FORMAT (% EPU =%#5F10e5)
FORMAT (% MIN EPU =%sF1065)
FORMAT (# ITERATION NUMBER¥*,13)
FORMAT(* TIME AT THIS ITERATION =#,F10.5)



@

31

FORMAT(* TIME SPENT BEFORE ITERATING =%sF10.5)
RETURN ' '
END

93
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PROGRAM NNEWT5
sLOCK S

ey

CALL FPOWELL(ICOUNT,TOLER;ALAMB)

Use Fletcher and Powell's method
to obtain negative of vector of
corrections and the optimal gain

to be used with it.

9L



95

J7512CS97+060570000.7512 ZARATE NNEWTS

RUNS
LGOo,

NONONNN

N"NNOOH NN

Se

PROGRAM NNEWTS5(INPUTsOUTPUT) ‘
36 3 36 36 38 3E 36 363 36 36 3 36 36 36 36 36 3 36 336 3 363 I I 3 3636 3 36 3 3¢ 38 38 36 3 3 3 36 36 36 I 36 36 36 36 3 3 I I I ¢ 36 36 I 3¢ 36 3 36 36 3 36 3¢
#THIS PROGRAM OBTAINS THE OPERATING STATE OF A POWER SYSTEM FROM AN#*
*INITIAL ESTIMATED STATE. THE PROGRAM USES FLETCHER AND POWELLS ME-#
#THOD ONLYs UNTIL SATISFACTORY MINIMIZATION OF ERROR FUNCTION IS #*
"# ACCOMPL ISHED, *
F6 36 36 36 34 36 3¢ 3638 36 36 36 36 36 36 36 3 3 36 36 336 36 36 3 36 3 I 36 363 36 IF 3 36 3636 3 36 I 3636 36 36 36 3 I 36 34 6 36 36 34 3 36 I W 3636 3 RN

COMMON INDEX

COMMON/FLET/G(20)9S(20)9AC(20920)9BC(20520) s ICOUNTF

COMMON/SHARE/X(100)sDEL(100)sA(1005100)sN

COMMON/CRST/DELX{100)sDELX0(100)

COMMON/ADMIT/RNR(898)sRNI (858) sMD

COMMON/COSTS/CP2(8)sCQ2(8)

COMMON/TAR/PTAR(8)sQTAR(8)sVATAR(8)

COMMON/DERIV/DPDV(858) sDPDA(858)sDQDV(8s8) sDQDA(8+8)

COMMON/ERROR/PE(8)sQFE(8) '

COMMON/REF/VREF (8) sANGTER(B)sVR(8)sVI(8)sUMR(B8) sUMI(8)

COMMON/POWER/ TOTALPOs TOTALPI sPOWERS(8) sVARS(8) 9 VAMPS(8)

DIMENSION ROIN(8)9ZMR(8)9+ZM]I(8)sPSPINI(8)sVM(8)9s ANGMACH(8)

DIMENSION CP(8)+CQ(8)

CALL SECOND(TI1)Y
3 I T I I I I IS I I I I I A NI NI N
#*READ DIMENSION OF VECTOR X (N=2#MD)s MAXIMUM NUMBER OF ITERATIONS,#*
#SCRATCH VARIABLEs NUMBER OF ERROR FUNCTIONS TO USEs NUMBER OF NO- #
¥DES» TOLERANCE FOR MINIMUM VALUE OF ERROR FUNCTIONs AND TOLERANCE #*
#FOR ONE-DIMENSIONAL SEARCH, *
36 3 3 3F 3036 36 3 3 3 3 3t 3 36 363 36 36 36 3 36 30 3636 3 3 36 36 3636 36 I 36 3¢ 36 36 36 3 36 36 3¢ 36 3 3£ 3 36 I 36 3¢ 3 I 36 3 W 3 36 3F 3 3¢ 3 3¢ 36 36 3 K 3 3%

READ 39sNsMoKsNFsMDIEPSIsTOLER

FORMAT(51552F10a6)

NN=N
INDEX=0

25 INDEX=INDEX+1

aNaNaXaKs!

[aNaKa

3 36 36 36 3 36 36 36 36 336 36 36 3 336 3036 3 36 b 3 36 3636 3 3 36 36 363 3 35 30 3 36 36 36 3 3630 3 38 36 3636 9 36 96 36 36 36 3636 3 36 363 3630 36 3 3 3 I 34 3 3

*READ INITIAL ESTIMATE OF NODE VOLTAGES AND ANGLES GIVEN AS A VEC- #

#¥TOR Xo THE FIRST MD ELEMENTS OF THIS VECTOR ARE THE NODE VOLTAGESs#

*#AND THE LAST MD ELEMENTS ARE ANGLES. DIMENSION OF X IS THEN No *

********************************************************************
READ 2+{X(I)sI=15sN)

2 FORMAT(8F10,6)
********************************************************************
*¥READ ADMITTANCE MATRIX OF REGULATED VOLTAGE NODESe. #*
********************************************************************

DO 2000 J=1sMD
DO 2000 I=14MD
READ 20019RNR(TIsJ)sRNI(IJ)

2001 FORMAT(2F10.6)
2000 CONTINUFE

3 36 36 38 3636 3 30 e 303 3 36 3 30 3636 36 36 36 3 3 36 3 3 336 36 3 3 96 96 3 3636 3 35 3 3 36 5636 36 36 3 36 3636 3 36 6 6 36 3 36 3 3 3 336 336 6 9 H3H 3¢

¥READ SENSITIVITY COEFFICIENTSs AND POWER TARGETS. ¥
F 3636 2 330 S K I 33633006 3398 3 30 336 330 3036 336 4 3 30 36 3 FE 30 A B 390 356 36 3 3696 36 96 3 36 3 36 3 36 36 36 3 46 3 M 3696

DO 2002 J=1,.MD



2003

2002

160

161
162
163
313
164
316
336

? 337

NN N

45
338

96

READ 2003sCP(J)sCQ(J)sPTAR(J)sQTAR(D)

FORMAT(4F1449)

VATAR(J)=SQRT (PTAR(J)*¥2+QTAR(J) ##2)

CP2{J)Y=CP(J)##2

CQR2(J)=CQLJ)**2

CONTINUE

CALL SECOND(PTI)

PRINT 1

FORMAT(1H1)

PRINT 160

FORMAT(//45H ADMITTANCE MATRIX RN REGULATED VOLTAGE NODES //)

DO 164 KA=1sMDs4

IF(KA+3-MD)162+1615161

KB=MD

GO TO 163

KB=KA+3

PRINT 3135 (JCHsJCH=KA,KB)

FORMAT(/4130/)

DO 164 J=1sMD

PRINT 3169Js(RNR(JsK)sRNI (JsK) s K=KASKB)

FORMAT(I594(F1762sF1342))

PRINT 4008

PRINT 336

FORMAT(20Xe% MACHINE CHARACTERISTICS#*/)

PRINT 337

FORMAT( 66H NODE INERTIA RESISTANCE REACTANCE MA
1XIMUM POWER )

JCOUNT=0

SUMIN=0.
36 3% 36 36 3 36 3 2 3 3 36 36 36 3 36 36 3 36 38 36 35 36 3 3 3 36 3 36 3 363 303 3 3636 330 3 3636330 303 36 36 36 3 H 30 36 363 3 3 H R KK F K
#READ MACHINE CHARACTERISTICSs INERTIAs REACTANCEs MAXIMUM POWER, ¥
*AND NUMBER OF MACHINES. *
T 36 33 3 36 3 36 36 3030 36 396 36 36 36 30 3 3 363 3 46 3 K 36 36 3 36 36 36 36 36 36 36 3636 3 30 3036 3 30 36 9 36 36 K 36 3 36 36 36 36 I 3¢ 3¢ Ik

READ 3389JsROIN(J)9ZMR(J) sZMI(J) oPSPINC(J) s NM

FORMAT(1392Xs4F15,6910X515)

SUMIN=SUMIN+ROIN(J)

JCOUNT=JCOUNT+1

PRINT 3389JsROIN(J)9ZMR(J) sZMI(J)sPSPIN(J)

IF(JCOUNT«LTeNM)IGO TO 45

PRINT 3000

3000 FORMATI(///953Xs% INITIAL STATE¥*/)

C
C
C

It

3001

[aNake!

36 36 36 36 36 3 363 36 36 3 36 3 3 3 3 3 34 3 3630 3 3 333 I 6 363 3 3 36 3 3 36 30 36 363 3 3 36 36 36 3 3 36 36 36 3 3036 3 303 K 3 R KN

¥*OBTAIN INITIAL ERROR. #
363636 36 336 0 000 3 36 363636 303 3 6030 30 3 3006 303 033030 30 3 230 30 3 SH I H H 390336 H I B H R R A R
CALL REST(ENORMSQ)

ENA=2,#MD

EPU=SQRT (ENORMSQ/ENA)

PRINT 3001

FORMAT (% NODE TERM VOLTS TERM ANG CP cQ

1 POWERS VARS VAMPS PTAR OTAR VATA
1R#*)
63 3 3 HE 303 35 36 336 3 90 3630 30 30 B30 3 3630 3030 30 2 2 KK HE I 3 X303 H 0K 6 3033036 36 3 3038 336 030 X6 HIHHH XN

¥PRINT INITIAL STATE. *
3636 36 3 36 30 3 3 36 H 30 3 3 36 36 5 I K 3 3 309 36 3 3030 3 336 3 3 56 30 3 0 30 30 3036 36 34 336 36 36 3 3636 3 30K HH R0

DO 3002 J=1.MD-
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3002 PRINT 569J9VREF(J)’ANGTER(J)9CP(J)9CQ(J)9POWERS(J)9VARS(J)9VAMPS(J

56

1)sPTAR(J) sQTAR(J) s VATARI(J)
FORMAT(I394X9sF100692X9F106692X9F106692X9F10.692X9F10e492X9F106492X
19F106492X9F10e492X9F100492X3F10e4)

PRINT 3003

3003 FORMAT (/)

[aNaNa!

N NN a¥a ke

aNaXa!

20

N NN

NNON NNN

**************************************************%*****************
#PRINT INITIAL ERROR IN RMS PER UNIT VALUE, *
F& 363 35 3636 36 3 36 36 36 3038 3 36 30 30 30 36 36 36 36 3 3 33 36 36 363 36 30 3 36 3 36 36 36 36 303 36 3 3636 36 36 9 3 3 35 3636 36 36 W 336 I3 I3 K ¢

PRINT 5,EPU

CALL SECOND(PT2)

ICOUNT=0

1E=0

EPUS=0.
********************************************************************
#TAKE ONLY (2%MD-1) ELEMENTS IN X BECAUSE OF REFERENCE ANGLE. *
3 36 3 36 3 36 363 3 3 3 30 336 3 363636 9 30 36 36 3636 3636 3 36 3 3 30 36 3 3 34 3 36 36 9 I 3 3 36 3 W 36 36 H I I N I 6% W HHH R ¥

N=N-1

CALL SECOND(T2)

TIME=T2-T1-PT2+PT1

PRINT 31sTIME

PRINT 4008

ICOUNTF=0

CALL SECOND(TI)
3 36 36 36 36 30 3036 36 36 36 36 3636 36 30 3 36 36 3 36 3636 343 303 3030 3 36 3 36 30 36 3636 34 38 36 3636 36 3 3036 36 3 3 3 36 36 3536 I 36 36 36 36 363 33

¥OBTAIN THE GRADIENT OF ERROR FUNCTION. *
3336 33630 B I IR I K I I I I IR R H R H RN KRR
CALL GRAD1

ICOUNT=ICOUNT+1
T 363638 3 36 33 303300 38 303 3030 30 303 2 6 3 03 3036 3036 30 9K 30 3 30 38 3 56 36 36 30 36 30 3636 36 36 36 36 3696 3636 2 36 3036 36 30 3 H 0 H 3 3¢

#USE FLETCHER AND POWELLS METHOD ONLY. *
FF 33003030 33633 I I I I I 3 3 I3 I I I3 K R

CALL FPOWELL(ICOUNTsTOLERsALAMB)
L R s L s s L e T s

*OBTAIN NEGATIVE OF CORRECTIONS AND CORRECT VECTOR X *
TR H I I I I T I I I I I 36 3 M I I It
DO 20 J=1sN

D=ALAMB¥*DELX(J)
X(J)=X(J)-D

CONTINUE
3 3636 38 33303 6 3030 3030 30330 3030 30 3030 30 36 303036 3036 303030 0 3030 030 F A 33030 30 36 3630 30 36 96 36 35 36 3036 6 36 369 36 3636 36 36 36 3 B ¢
#COMPUTE NEW ERROR, *

b b R S R R R L L R L R 2 X T R R R e L
CALL REST(ENORMSQ)
ENA=2,%#MD
EPU=SQRT ( ENORMSQ/ENA)
36 38 38 3 45 3033 3 33030 30 36 33330 0 303 330 3030 030 338 330 36 30 30 30 30 6 3636 30 30 36 3636 3630 34 96 3696 36 36 36 96 369 3 36 36 30 96 3 M
*RESTITUTE ENTIRE DIMENSION IN X FOR PRINTING PURPOSES. *
R e e T 2 L L L L I e e e
N=NN
333 I I I I 3 3 H I I KNI R R R
*CHECK IF THE DIFFERENCE BETWEEN NEW AND PAST ERROR IS LESS THAN *
#*OR EQUAL TO E-10 FOR TWO CONSECUTIVE TIMES, *
R R R L e S S S Y
DEPU=ABS (EPU-EPUS)



SO NN

aNaNe

aNaANA

C
C
C

N NN

NON

[aRaNAa]

11

13
12

52

59

98

IF(DEPUeLEe1e0E~10)11513

IE=I1E+1

IF(IE«GE«2)GO TO 10

IF(IE«EQe1)GO TO 12

1E=0

EPUS=EPU
*******************%************************************************
#CHECK IF THE VALUE OF THE ERROR IS LESS THAN OR EQUAL TO THE DESI-*
#RED MINIMUM, *
***************************************************************%****

IF(ABS(EPU) sLE.EPSIIGO TO 10
36 336 36 336 3636 36 3 330 3 3 36 F 303636 33 3 30 36 36 H 3 H 0300630 30 36 36 2 30 2 I 30303 3 KK 0 I 3 R XH

*¥CHECK NUMBER OF ITERATIONS, *
J6 334 3 36 IE I 336 36 36 3 H 4630 36 56 36 30 30 98 336 309 30 K 30 30 36 3 3636 3 36 3 3H 30 30 9 MR A H R HFHHR R
M=M-1

IF(MeLE.O) GO TO 35

CALL SECONDI(T2)
J6 3636 36 636 H 36 3 3 3636 36 3 330 36 K 33030 3 36 35 3096 309 06 30 3030 3 30 K 363030 30 3 3030 3 I B N HHHHF K2
#PRINT NEW RMS PER UNIT ERRORe. *
3 36 3 3636 36 30 3 36 36 96 38 38 36 36 36 36 36 36 3 36 36 3038 3 3 3090306 03I 036 3 36 06 303 3030 5 36 36 3036 30 3 30 36 3656 36 6 3 3 KR

PRINT 9 ICOUNT ‘

PRINT 5.EPU

TIME=TIME+T2-T1

PRINT 30,TIME

PRINT 4008

4008 FORMAT(/7/)

3 36 36 36 36 36 36 36 96 3 3 3 36 36 3636 36 30 30 30 3 3 36 363 3636 36 3 3036 36 36 336 3038 3 3 3 I K 36 3 3 I SRR FII KA

#*SET DIMENSION OF X TO N-1 AND PERFORM ANOTHER ITERATION. *
36 36 36 36 3 38 30 33 36 36 6 3 3 2030 3 6 30 30 330 9 3636 36 36 36 36 38 3630 36 36 36 36 3 36 36 6 336 36 3 3636 3630 3 3 30 50 330 36 3 36 33343 kK K
N=N-1
GO TO 7

PRINT 6, ALAMB

FORMAT (% MORE ITERATIONS NEEDED LAMBDA=%4F10e4)
CONTINUE

CALL SECONDI(T2)

TIME=TIME+T2~-T1

AVEANG=0.
P X R T R R R Y R T R R 2 S R L A Rkl e
#*COMPUTE EXCITATION VOLTAGES AND EXCITATION ANGLES. ®

363636 30 B30 00 0 3306 F e 3 2 I 36 333036 2030 633030 3 M KR A RN IR RHHF R R
DO 52 J=1sNM
VMR=ZMR(J)#UMR(J)=ZMI (J) #UMI (J)+VREF(J)*COS(ANGTER(J))
VMI=ZMI(J)#UMR(J)+ZMR( J) #*UMI (J)+VREF(J)¥SIN(ANGTER(J))
VM(J)=SQRT{VYMR#3#24+ VM ##2)
ANGMACH(J)=ATAN2(VMI s VMR

F6 36 3 3 36 3303 33 H 303 3 3 K 36 330 30 36 3 B3 H R IO R H KR IR RN RN HH R R R R

#CALCULATE AVERAGE ANGLEe. *
636 36 3 330 H 30 36 36 36 36 36 06 36 30 30 36 30 3 36 36 36 36 36 36 3 36 3636 36 36 36 36 36 30 3 F 3303 3 30 366 9636 30 30 0 3 3 0 U F MR KX EHR

AVEANG=AVEANG+ROIN(J)#ANGMACH(J) /SUMIN
363636 36 336 36 3006 30 30 33 336 36 3 R 3 30 6 00 330 SE 03030 KR 30 3 3 I I3 0 H H IR H KRR R K KRR
#CORRFCT TERMINAL AND FXCITATION ANGLESe. *
MR IR R IR H WA F R HH I HRH I R IR R R R RHHE R

DO 59 J=1sMD

ANGTER(J)=ANGTER(J)~AVEANG+0.3

DO 60 J=1sNM
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ANGMACH (J)=ANGMACH(J)-AVEANG+043

PRINT 3006
3006 FORMAT(53Xs* OPERATING STATE®/)
PRINT 53
FORMAT (% NODE  TERM VOLTS TERM ANG  EXC VOLTS EXC ANGLE
1 POWERS VARS VAMPS PTAR QTAR VATA
1R%
***;****%***********************************************************
*PRINT OPERATING STATE. *

54

70

57

66

67

58

2005

30
31

3 3636 36 33 3 36 3 363 3 36 36 3E 36 3 096 336 3 3 36 34 3 3 3 36K 36 56 33 336 3 3 3 3K 3 K 33 3636 3 36 330 H 3K H K HHH RN

DO 54 J=1sMD

PRINT 569JsVREF(J) sANGTER(J) sVM(J) s ANGMACH(J) s POWERS(J) s VARS(J) VA
IMPS(J)sPTAR(J)sQTAR(J) sVATAR(J)

CONTINUE

PRINT 3003

PRINT 99 ICOUNT

PRINT 2005sEPU

PRINT 30,TIME -
S5 369 36 306 3 30 3 3 3 36 36 3 3636 56 36 36 26 36 36 36 3630 300 36 36 3638 36 36 3636 30 30 F 306 300 I3 3 IR KRR HHFHAH
#CALCULATE LOSSESe *
5 336 36 36 36 3 36 36 63 3036 36 36 36 3 336 36 30 30 3 20 3 3 H 3 33 36 360 36 30 3036 3 I 0K 30 303 36 3 36 3 3036 30 3 30 30 H R H XK MR
DO 70 J=15MD

DO 70 K=1sMD

TOTALPO=TOTALPO+RNR(KsJ) *¥VREF (J) %*%*2

SUMLOSS=TOTALPI-TOTALPO

PRINT 57sAVEANG

FORMAT (¥ AVERAGE ROTOR ANGLE =%3F1046)

PRINT 66+TOTALPI

FORMAT (¥ SUM OF POWER INPUTS =%4F1546)

PRINT 67sTOTALPO

FORMAT (# SUM OF POWER OUTPUTS =%4F1566)

PRINT 58sSUMLOSS

FORMAT (% SUM OF POWER LOSSES =%#49F1546)
J6 36 36 36 36 3 3 303 30 3 4036 3 3630 36 36 2 36 330 9 3630 3690 3 30 3036 36 36 3650 36 3030 36 36 30 36 36 3436 K30 36 3 I 3030 3 I A H R

#CHECK IF THERE IS ANOTHER ERROR FUNCTION TO USE, ®
3636 3 3 36 36 36 3 336 3 3 3 363630 36 30 36 36 30 36 3636 36 H S H 23 330 3600 363630 K 96 3630 303636 I 30 6 3 3 3 3 B M RN R

IF(INDEXeLTeNF) GO TO 25

FORMAT(#* EPU =%3F10e5)

FORMAT (% MIN EPU =%#3F10e5)

FORMAT(* ITERATION NUMBER%*,13)

FORMAT(* TIME AT THIS ITERATION =#,F10e5)

FORMAT (3% TIME SPENT BEFORE ITERATING =%3F1045)

RETURN

END



PROGRAM NNEWT6
BLOCK S

CALL INTER(AA,BB)
CALL ODS(AA,BB,TOLER, 100,
ALAMB,FMAX)

Select initial interval and
perform the one-dimensional
search to obtain the optimal
gain to be used with the

lvector of corrections.

100
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2001

101

CSs7+0605700007512 ZARATE NNEWT6

PROGRAM NNEWT6(INPUT,0UTPUT)
*************%******************************************************
*THIS PROGRAM OBTAINS THE OPERATING STATE OF A POWER SYSTEM FROM AN#
#INITIAL ESTIMATED STATE. THE PROGRAM USES STEEPEST DESCENT ONLYs #
*UNTIL SATISFACTORY MINIMIZATION OF ERROR FUNCTION IS ACCOMPLISHED.*
36 3636 3 36 36 3 36 3 36 3 3 36 3 363636 3 36 36 3 26 36 36 36 36 36 36 3 3 F 3 I I 3 36 36 3¢ 36 3 3 36 36 36 36 36 3 36 3t I e 36 36 3 I 36 3 3 I 3636 36 3 I 333

COMMON INDEX

COMMON/SHARE/X(100) sDEL(100)sA(100+100) sN

COMMON/CRST/DELX (100) sDELX0{(100)

COMMON/ADMIT/RNR(858) sRNI (858) sMD

COMMON/COSTS/CP2(8)sCQ2(8)

COMMON/TAR/PTAR(8) sQTAR(8) s VATAR(8)

COMMON/DERIV/DPDV(858) sDPDA(858) sDQDV(8s8) sDODA (85 8)

COMMON/ERROR/PE(8) sQE(8)

COMMON/REF/VREF (8) sANGTER(8)sVR(8) sVI(8) sUMR(E) sUMI (8)

COMMON/POWER/ TOTALPO s TOTALPI sPOWERS(8) sVARS(8) s VAMPS(8)

DIMENSION ROIN(8)sZMR(8)sZMI(8) sPSPIN(8) sVM(8) s ANGMACH(8)

DIMENSION CP(8),CQ(8)

CALL SECONDI(TI1)

3 36 36 36 3 36 303 3 3 3 336 3 336 36 3 38 36 3 3 336 36 3 36 36 36 36 36 3 3 36 35 3¢ 38 3% 36 3 36 36 36 3 36 36 IF 36 I 3 I 3¢ 3 3 96 W I 3636 I 36 3 I A3
#*READ DIMENSION OF VECTOR X (N=2#MD)s MAXIMUM NUMBER OF ITERATIONS,*
*SCRATCH VARIABLE, NUMBER OF ERROR FUNCTIONS TO USEs NUMBER OF NO- *
#DESs TOLERANCE FOR MINIMUM VALUE OF ERROR FUNCTIONs AND TOLERANCE *
*FOR ONE-DIMENSIONAL SEARCH. *
36 36 36 3 3 36 36 3 36 96 3 3¢ 36 3 3 36 36 3 36 3638 36 3 3 56 36 36 3¢ 6 36 36 3 3 3 35 3 36 3 36 36 36 34 38 3 3638 36 36 I 6 3 36 34 3 I N I 3 3 36 36 3 H 3N

READ 3sNsMsKsNFsMD»EPSI»TOLER

FORMAT(51552F1046)

NN=N

INDEX=0

INDEX=INDEX+1
36 36 36 36 36 3 36 36 36 36 36 3¢ 36 3 3636 36 36 36 36 36 36 36 3 36 36 36 36 36 36 3 36 36 3£ 35 36 3¢ 3 36 I 30 36 36 3 36 36 96 I K W 36 36 3£ 35 I I 3 3 36 3¢ 36 3 I H
#READ INITIAL ESTIMATE OF NONPE VOLTAGES AND ANGLES GIVEN AS A VEC- *
#TOR Xe THE FIRST MD ELEMENTS OF THIS VECTOR ARE THE NODE VOLTAGESs*
#AND THE LAST MD ELEMENTS ARE ANGLESe DIMENSION OF X IS THEN Ne *
36 36 36 3 36 3 36 36 36 36 36 3 3 3 3 3036 3 36 36 36 3 3 36 3636 36 36 36 3 3 3 3 36 3 3 3E 36 36 3 36 36 3636 36 3 3 36 36 I IE 3 M K 363 I W I N

READ 2s(X(1)sI=1sN)

FORMAT(8F1046)
3 303 36 3630 36 3636 35 36 36 3 3 3303 3626 30 3036 38 39 3030 36 6 36 3 36 36 36 36 36 38 36 36 363036 36 36 36 3 6 6 K 36 K H NN IR HHHRH
#*READ ADMITTANCE MATRIX OF REGULATED VOLTAGE NODES. *

3036 30 3 36 30 309 3636 36 36 3 0K H 30 303630 3 3636 3096 369096 36 36 36 36 36 36 36 3 I 3036 36 30 T 2 30 3 30330306 36 X 36 366 3 I
DO 2000 J=1,MD
DO 2000 I=1sMD
READ 2001 sRNR(IsJ)sRNI(IsJ)
FORMAT(2F1046)

2000 CONTINUE

2003

3 3636 36 36 36 3630 30 3 3 36 36 36 30 3636 36 30 30 5 36 38 309 3036 38 38 363 0 336 336 36 36 3036 36 34 36 36 3636 36 9 33636 36 3 I I H NI R
#READ SENSITIVITY COEFFICIENTSs AND POWER TARGETSe *
T R T T s T

DO 2002 J=1sMD

READ 2003sCP(J)sCQ(J)sPTAR(J)sQTARI(J)

FORMAT (4F14.9)



2002

160

161
162
163
313
164
316
336

337

NO NN

45
338
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VATAR(J)=SQRT(PTAR(J)##2+QTAR(J) ##2)
CP2(J)=CP(J)*#2
CQ2(J)=CQ(J)**2

CONTINUE

CALL SECOND(PT1)

PRINT 1

FORMAT(1H1)

PRINT 160

FORMAT(//45H ADMITTANCE MATRIX RN REGULATED VOLTAGE NODES /7)

DO 164 KA=14MDs4

IF(KA+3-MD) 16251619161

K3=MD

GO TO 163

KB=KA+3

PRINT 313s(JCHsJCH=KA,KB)

FORMAT(/4130/)

DO 164 J=1sMD

PRINT 3169Js (RNR(JsK)sRNI(JsK) sK=KAsKB)

FORMAT(I594(F17e25F1342))

PRINT 4008

PRINT 336

FORMAT(20Xs* MACHINE CHARACTERISTICS#/)

PRINT 337

FORMAT( 66H NODE INERTIA RESISTANCE REACTANCE MA
1XIMUM POWER )

JCOUNT=0

SUMIN=0,
6 3636 36 36 36 36 36 36 36 36 3636 36 36 3 36 36 36 36 36 36 3 33030 3 3 336 30 3036 36 309636 36 30 H I NI H N X H KW HHIHH AR
#READ MACHINE CHARACTERISTICSs INERTIAs REACTANCEs MAXIMUM POWER, *
# AND NUMBER OF MACHINES. *
36 3836 36 36 36 36 36 36 6 9 36 36 36 36 36 36 36 36 36 336 30 3630 36 K 30 30 236 36 30 30 30 3 30 30 H 03030 3 3 0006 3 3 3 30330 MM AT RN

READ 3389JsROIN(J) 9ZMR(J) sZMI(J) sPSPIN(J) sNM
FORMAT(1392X94F1566510X515)
SUMIN=SUMIN+ROIN(J)

JCOUNT=JCOUNT+1

PRINT 338sJsROIN(J)$ZMR(J)9ZMI(J)sPSPIN(J)
IF(JCOUNT.LTeNM)GD TO 45

PRINT 3000

3000 FORMAT(///953Xs%* INITIAL STATE*/)

C
C
C

3001

C
C
C

********************************************************************
*OBTAIN INITIAL ERROR. | *
********************************************************************

CALL REST(ENORMSQ)

ENA=24 %MD

EPU=SQRT ( ENORMSQ/ENA)

PRINT 3001

FORMAT(# NODE  TERM VOLTS  TERM ANG cp ca

1 POWERS VARS VAMPS PTAR QTAR VATA
1R*)
*********************************************%**********************
*PRINT INITIAL STATE. #
*******************%************************************************

DO 3002 J=1sMD

3002 PRINT 569J’VREF(J)9ANGTER(J)9CP(J)yCQ(J)9POWERS(J),VARS(J)oVAMPS(J

1)sPTAR(J) sQTAR(J) s VATAR( J)
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FORMAT(1394XsF10e692X9F10e6692X9F104692X9F10e692XsF10s492X9F106452X
19F10e492X9F10e492X9F10eb492X9F1004)
PRINT 3003

3003 FORMAT(/)

C
C
C

aNaNa)

(aNaNS] NN NN

NN

20

[aNaNa!

a¥aNa)

NNON

3¢ 36 38 3 36 36 3 36 30 36 36 3 3 3 36 36 I 38 330 3 36 363 3 3 3 3 36 3 K 36 I 3 5E I 36 36 30 3 3 36 36 30 30 3 3 34 3 3 36 3 36 36 I 34K I 3¢ 3 3 3 F H I3
¥PRINT INITIAL ERROR IN RMS PER UNIT VALUE. *
36 3 36 36 36 36 36 38 3 96 38 3 36 36 36 36 38 36 26 36 3 3¢ 36 3 36 3 3 35 3 363 3 3 3 36 3 3% 36 3 3336 36 3 3 3 3 3¢ 36 3 36 I 3¢ 3 36 36 636 I 3 K 3 K53

PRINT 5.EPU

CALL SECOND(PT2)

ICOUNT=0

1E=0

EPUS=0.
36 36 36 36 3036 36 36 3 36 3 38 36 3 36 36 36 36 36 36 3 36 3 36 36 36 3 3 36 36 I K 3636 3038 36 36 36 36 36 3 3 3436 I I 3 3 363 34 36 36 R W 34 3¢ 3 3¢ 33 K e
*TAKE ONLY (2%MD-1) ELEMENTS IN X BECAUSE OF REFERENCE ANGLE. *
I R I H I W R K KK H R NI R I IR A KRN

N=N-1

CALL SECOND(T2)

TIME=T2-T1-PT2+PT1

PRINT 31,-TIME

PRINT 4008

CALL SECOND(TL)
33 36 39 3 3 34 3436 36 3030 S 3 6 30 330 H I3 N K I I 63 333 6 NI N RN NN R

*USE STEEPEST DESCENT ONLY. *

¥0OBTAIN THE GRADIENT OF ERROR FUNCTIONe. *

3636 3696 36 33036 3K H 3030 I M N6 3 20 3 330 3 33 S FH I3 I3 3 0 303006 30336 336 3 3 HH K 2
CALL GRAD1

ICOUNT=ICOUNT+1
06 SR B I 330333 B I 6 A K R IR I H K K H IR R RN H N NR

*PERFORM A ONE-DIMENSIONAL SEARCH TO OBTAIN OPTIMAL LAMBDA. *
36 36 36 36 3 36 36 3 3 33 3 36 3 3 363 36 3 3 3 34 36 2 K 36 3 % 3% 2 3 3 3 3 I 336 36 063 3 30 I 36 L 3 I W I e KK
CALL INTER(AAsBB)
CALL ODS(AAsBBsTOLERs100sALAMBsFMAX)
36 3 96 36 36 36 3 36 3 3636 36 36 3 I 36 3 30 36 2 3 36 35 36 36 35 I 366 33 36 36 36 36 32 38 3% 36 36 36 35 36 36 36 3¢ 36 3 36 3 3 I 36 30 3 36 33 3 3¢ 33 3 3 W e3¢
*OBTAIN NEGATIVE OF CORRECTIONS AND CORRECT VECTOR X. *
33 H I HH I R R I H I H H IR I I RIS RN FHN RN
DO 20 J=1sN
D=ALAMB*DELX(J)
X(J)1=X(J)=D

CONTINUE
F6 36 36 36 3636 70 3 36 303 3 36 36 3033 3630 30 H 3030 3 330 3630 0 030 36 3036 36 36 30303636 3036 3 06 3636 36 36 3636 2 36 36 36 36 3 3 H MK
#*COMPUTE NEW ERROR, *

36 36 36 36 36 3¢ 36 36 3 3 K 36 3 3 3 36 36 3036 3 3 3 36 3 3 36 36 36 3 3 36 3 36 36 36 36 36 3 3 36 363 3 3 3 3636 36 36 K 36 26 36 36 36 36 36 3 30363 A ¢

CALL REST(ENORMSQ)
ENA=2+#MD
EPU=SQRT (ENORMSQ/ENA)
36 36 36 36 36 6 3030 3 F 43 3 3 H 3 K HH R K I KRR IR IO KN MR I

*RESTITUTE ENTIRE DIMENSION IN X FOR PRINTING PURPOSES. *
363630 36 3 36 336 3 3636 36 96 36 36 3 3 3 33636 0 3006 96 30 3 3036 3636 36 36 30 30 36 36 3 363 30 3636 9 3 36 36 363 30 3 6 6 96 36 34 34 36 3¢ 34 36 3
N=NN

36 36 36 36 3 36 36 36 36 3 30 3 3 3 36 3 36 3 2 36 3 3 36 3 3 3630 36 3 36 3 I 3 36 3636 36 36 3 369 3 3 I 3 3 I I3 36 30 3 3K 056 R H AR

#CHECK IF THE DIFFERENCE BETWEEN NEW AND PAST ERROR IS LESS THAN *

#0OR EQUAL TO E-10 FOR TWO CONSECUTIVE TIMES. *
Y S T I L e e e S T RIS S ST SR

DEPU=ABS (EPU-EPUS)
IF(DEPUsLE«10E~10)11513
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NN NN

aNa¥e
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13
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TE=IE+1

IF(IE.GF+2)GO TO 10.

IF(IE«EQe11GO TO 12

1E=0

EPUS=EPU
********************************************************************
*#CHECK IF THE VALUE OF THE ERROR IS LESS THAN OR EQUAL TO THE DESI-*
#RED MINIMUM, *
33636 36 36 36 36 36 3 3 3 3636 3 36 0303 36 36 I I I H H K 30 30 I 300 I H KA WM RN FHFHRN

IF(ABS(EPU)eLE.EPSIIGO TO 10
J6H03 36 3 63 3 36 36 36 36 36 F 30 36 303030 36 36 96 96 36 36 36 363 30 33 90 3 3 33036 K K 6 I 30 3 36 9636 334 3630 3 3 ke

*#CHECK NUMBER OF ITERATIONS. ®
R Ry R e A T S L R S R L R A
M=M-1

IF(MeLE.O) GO TO 35

CALL SECOND(T2)
Yy Y R e s e X R R R R R LA T L
¥PRINT NEW RMS PER UNIT ERROR. *
R HFHF I K H RN R RN RN KRR R HHEH RN IR RH R

PRINT 95 ICOUNT

PRINT 5,EPU

TIME=TIME+T2-T1

PRINT 30sTIME

PRINT 4008

4008 FORMAT(//)

52

59

60

35

10

36 3636 3 36 36 36 36 3 338 3 36 36 36 36 36 36 36 3 3 3 3 36 36 33 363 3 3 3 3 36 36 36 36 3 3 36 3 3 3 336 3036 3 36 36 3 36 I I I Hae K KN

*#*SET DIMENSION OF X TO N-1 AND PERFORM ANOTHER ITERATION. *
B3I H N R HHHH K R H I 3 0 I H I KRR KR
N=N-1
GO TO 7
PRINT 6y ALAMB

FORMAT (% MORE ITERATIONS NEEDED LAMBDA=3#+F10e4)
CONTINUE
CALL SECOND(T2)
TIME=TIME+T2-T1
AVEANG=0.
36 36 36 35 35 3 36 3 36 K 3 34 3 36 36 36 3 36 3 36 36 3 36 36 36 35 36 3 36 36 3 36 36 36 36 36 36 3 3 3 336 36 636 36 636 I W I W I K H N HHIFFH XX

*COMPUTE EXCITATION VOLTAGES AND EXCITATION ANGLES. *
3b 36 36 36 36 36 3 36 3 36 36 36 36 3 F 3 3 655 363 3% B 36 363 3 36 36 3 36 36 36 3 36 38 3 36 3 2436 3 36 I 36 K 3 I 3 I 3 3 36 3 3 I 3 3 3¢ 36 3 K KR
DO 52 J=1sNM
VMR=ZMR (J) *¥UMR(J)=ZMT (J) *UMI (J)+VREF ( J) #COS(ANGTER(J) )
VMI=ZMI (J) *UMR (J)+ZMR( J) ¥UMI (J)+VREF (J)¥SIN(ANGTER (J) )
VM(J)=SQRT (VMR*#24+VM] #%2 )
ANGMACH ( J) =ATANZ2 (VMI 5 VMR )
36 35 36 36 3 3t 336 36 36 36 3 3 3 6 36 3 36 36 36 3 % F 336 36 3 363 3 3 3 3 36 3 36 3% 3 3 33 36 36 34 36 3% 3 6 3 I I 3 3 36 3 96 I3 3b 38 3 K HK K3t

#CALCULATE AVERAGE ANGLE. #*
******************************************%*************************
AVEANG=AVEANG+ROIN(J)*#ANGMACH(J) /SUMIN
36 3 3 36 3 36 36 36 36 3 36 38 36 34 3 36 36 36 36 A I I I 2 3 3 B I I 56 3 3 3 3 I 3% 5 2 36 36 3¢ 3 36 3 I 3 36 K 3 36 3 36 I 36 36 33 I N W R K
#CORRECT TERMINAL AND FXCITATION ANGLFSe *
**********************%****%***********%*%*******%******************
DO 59 J=1sMD ‘
ANGTER(J)=ANGTER(J)-AVEANG+0e3
DO 60 J=1sNM
ANGMACH( J) =ANGMACH(J)—AVEANG+0e3
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PRINT 3006

FORMAT(53Xs% OPERATING STATE#*/)

PRINT 53

FORMAT (% NODE TERM VOLTS TERM ANG EXC VOLTS EXC ANGLE

1 POWERS VARS VAMPS PTAR QTAR VATA
1R#)
********************************************************************
#PRINT OPERATING STATE, *

o336 6 3336 2 36 6 30 36 30 30 3 36 3030 3 30 3 3 H HE 6K R H 3 303030 30 M 0630 I 006 MR I H R FRHH AR
DO 54 J=1sMD
PRINT 569JsVREF(J)sANGTER(J) sVM(J) s ANGMACH(J) s POWERS(J) sVARS(J) sVA
IMPS(J) sPTAR(J) sQTAR(J) s VATAR(J)
CONTINUE
PRINT 3003
PRINT 99 ICOUNT
PRINT 2005sEPU
PRINT 30sTIME
363636 36 3636 36 36 36 36 30 36 36 36 36 36 36 3036 3036 30 30 360 33 2030 3036 30 30 30 20 30 30 F R K I H M H H 303030 0 M M3 X KRR

#*CALCULATE LOSSES. *
********************************************************************

DO 70 J=1sMD

DO 70 K=1sMD

TOTALPO=TOTALPO+RNR (K s J) *¥VREF (J) ##2

SUMLOSS=TOTALPI-TOTALPO

PRINT 57sAVEANG

FORMAT (# AVERAGE ROTOR ANGLE =#3F10e6)

PRINT 66sTOTALPI

FORMAT (% SUM OF POWER INPUTS =#3F1546)

PRINT 67sTOTALPO

FORMAT (¥ SUM OF POWER OUTPUTS =%3F1546)

PRINT 58 sSUMLOSS

FORMAT(# SUM OF POWER LOSSES =#3F1546)
*****************************************************%**************

#CHECK IF THERE IS ANOTHER EFRROR FUNCTION TO USE. *
***********************************%********************************
IF{INDEXeLTeNF) GO TO 25 '
FORMAT(# EPU =%4F10e5)
FORMAT(# MIN EPU =%4F10e5)
FORMAT (% ITERATION NUMBER¥*,13)
FORMAT (% TIME AT THIS ITERATION =%4F10e5)
FORMAT (¥ TIME SPENT BEFORE ITERATING =#%,F1Ce5)
RETURN
END
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PROGRAM NNEWT?
BLOCK S

CALL ESPD(K)

Compute matrix of second
partial derivatives of
error function with res-
pect to adjustables.

\

CALL MTINV1(BB,0,D,IRROR,
IPIV,IND)

Invert matrix of second

partial derivatives.

i

CALL METHOD (IRROR,ICOUNT)

Check if it is possible to
use the second order move
vector. If not use New=-
ton's method to obtain ne-

gative of corrections.

1

CALL INTER(AA,BB)
CALL ODS(AA,BB,TOLER,100,
ALAMB,FMAX)

Select initial interval and
perform the one-dimensional
search to obtain optimal gain
to be used with vector of

corrections.

106
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2CS9790609700007512 ZARATE NNEWT7
Se

PROGRAM NNEWT 7 (INPUT,OUTPUT)

3 36 36 36 36 3 36 36 b 96 3 36 36 3 36 36 36 3 36 3 3 3 36 I 36 3 36 36 30 I 3 3 9 3636 3 36 3636 36 36 30 3 3 3635 36 36 % 3 36 36 336 3 36 I3 3638 34 336 H e 33
#THIS PROGRAM OBTAINS THE OPERATING STATE OF A POWER SYSTEM FROM AN#
*INITIAL ESTIMATED STATEe THE PROGRAM USES THE SECOND ORDER MOVE  *
#*VECTOR METHOD ONLYs UNTIL SATISFACTORY MINIMIZATION OF ERROR FUNC-#
#*TION IS ACCOMPLISHED. *
36 3635 36 3 3 3 3 3 36 3 3 36 36 56 3636 3 3 3 36 36 36 36 36 36 3 36 30 363 36 32 36 36 36 36 36 336 36 36 H 36303436 I IR FH WU F R K N®

COMMON INDEX

COMMON/SHARE/X{100)sDEL(100)5A(1005100) 5N

COMMON/CRST/DELX(100) sDELX0!100)

COMMON/ADMIT/RNR(858) sRNI (858} sMD

COMMON/COSTS/CP2(8)+CQ2(8)

COMMON/TAR/PTAR(8) sQTAR(8) sVATAR(8)

COMMON/DERIV/DPDV(858) sDPDA(858) sDQADV(858) sDOCA(8,8)

COMMON/ERROR/PE(8) sQE(8)

DIMENSION B(100)

DIMENSION BB(1651)sIPIV(16)sIND(164+2)

COMMON/REF /VREF (8) sANGTER(8: sVR(8) sVI(8) sUMR(8) sUMI(8)

COMMON /POWER/ TOTALPOs TOTALP ! sPOWERS(8) s VARS(8) s VAMPS (8}

DIMENSION ROIN(8)sZMR(8)sZMI (8)sPSPIN(8)sVM(8) s ANGMACH (8)

DIMENSION CP(8)sCQ(8)

CALL SECONDI(T1)
******************%*************************************************
#*READ DIMENSION OF VECTOR X (N=2%MD), MAXIMUM NUMBER OF ITERATIONS,*
#SCRATCH VARIABLEs NUMBER OF ERROR FUNCTIONS TO USEs NUMBER OF NO- *
#DESs TOLERANCE FOR MINIMUM VALUE OF ERROR FUNCT1ONs AND TOLERANCE *
*FOR ONE-DIMENSIONAL SEARCH. *
********************************************************************

READ 3sNsMsKsNFsMDsEPSTsTOLER

FORMAT(51552F1046)

NN=N

INDEX=0

25 INDEX=INDEX+1

NNNONOND

aNa¥a!

35 36 36 36 36 36 36 36 3 3 36 36 36 36 36 3 3 36 3 3 36 3 36 3696 36 3 36 3 3636 36 36 3 3 3636 36 3 36 36 3 36 36 3696 3636 3 36 3 36 336 I I 3 36 3k 3¢ 34 H A AN

#READ INITIAL ESTIMATE OF NODE VOLTAGES AND ANGLES GIVEN AS A VEC- %

#TOR Xe THE FIRST MD ELEMENTS OF THIS VECTCR ARE THE NODE VOLTAGESs*

#AND THE LAST MD ELEMENTS ARE ANGLES. DIMENSION OF X IS THEN No #*

3 36 36 3 3 36 36 3 e 3 3 3 36 3 36 36 36 36 3 36 36 36 36 36 3 3 3 36 3 363 H 30 I3 3 38 36 36 3 36 3636 36 I 3 3 3 3 I I 6 R R H XA
READ 2s(X(I)sI=1sN)

2 FORMAT(8F1066)
********************************************************************
#READ ADMITTANCE MATRIX OF REGULATED VOLTAGE NODES. ¥
************%*******************************************************

DO 2000 J=1sMD
DO 2000 I=1sMD
READ 2001 sRNR(IsJ)sRNI(IsJ)

2001 FORMAT(2F1046)
2000 CONTINUE

C
C
C

R I I R R KR R NN R R RN IR F IR HHANNR

#READ SENSITIVITY COEFFICIENTSs AND POWER TARGETS. *
B 33 396 36 336 3 3 3 3 3 36 3 3 396 3 36 3 3 369 HF 300 363 9 3 3036 363 0 H 333030 334 30 330 H I IS I KRR HHFAR



2003

2002

160

161
162
163
313
164
316
336

337

NN OO

45
338

3000
C
C
C

3001

NN N
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DO 2002 J=1sMD

READ 2003sCP(J)sCQ(J)sPTAR(J)sQTAR(J)

FORMAT(4F1449)

VATAR(J)=SQRT (PTAR(J) ®#2+QTAR(J) *%2)

CP2(J)=CP(J)*%2

CQ2(J)=CQ(J)*%2

CONTINUF

CALL SECOND(PT1)

PRINT 1

FORMAT(1H1)

PRINT 160

FORMAT(//45H ADMITTANCE MATRIX RN REGULATED VOLTAGE NODES /7)

DO 164 KA=1sMDs4

IF(KA+3-MD)162s1619161

KB=MD

GO TO 163

KB=KA+3

PRINT 3135 (JCHsJCH=KASKB)

FORMAT(/4130/)

DO 164 J=1sMD

PRINT 316sJs (RNR(IJsK)sRNI (JsK) sK=KAKB)

FORMAT(I554(F17e¢2sF1342))

PRINT 4008

PRINT 336

FORMAT(20Xs% MACHINE CHARACTERISTICS#*/)

PRINT 337

FORMAT( 66H NODE INERTIA RESISTANCE REACTANCE MA
1XIMUM POWER )

JCOUNT=0

SUMIN=0.
******************************%******%******************************
#READ MACHINE CHARACTERISTICSs INERTIAs REACTANCEs MAXIMUM POWERs
# AND NUMBER OF MACHINES ®
****************************%***************************************
READ 3385JsROIN(J)9ZMR(J) sZMI(J) sPSPIN(J) sNM
FORMAT(1392Xs4F1546910Xs15)

SUMIN=SUMIN+ROIN(J)

JCOUNT=JCOUNT+1

PRINT 3383JsROIN(J)sZMRIJ) 9»ZMI(J)sPSPIN(J)

IF(JCOUNT«LTeNM)GO TO 45

PRINT 3000

FORMAT(//7953Xs% INITIAL STATE#*/)
***********%***************%****************************************
#OBTAIN INITIAL ERROR, *
********************************************************************
CALL REST(ENORMSQ) ‘

ENA=2 ¢ #MD

EPU=SQRT (ENORMSQ/ENA)

PRINT 3001

FORMAT (% NODE TERM VOLTS TERM ANG cP cQ
1 POWERS VARS VAMPS PTAR QTAR VATA
1R#*)
********************************************************************

#PRINT INITIAL STATE. *
R R R R s R R R R R R R R L R R R L R L A kot
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DO 3002 J=1sMD

3002 PRINT 56,J’VREF(J)9ANGTER(J)aCP(J)9CQ(J)9POWERS(J)9VARS(J)9VAMPS(J

56

1)sPTAR(J) 2QTAR(J) s VATAR(J)
FORMAT(1394X9F10e632XsF10e632XsF10e692XsF17e692X9F10e492XsF10e492X
19F10e492X9F10e492XsF100492XsF10e4)

PRINT 3003

3003 FORMAT(/)

********************%***********************************************

#PRINT INITIAL ERROR IN RMS PER UNIT VALUE. *
*******************************%************************************

PRINT 5.EPU

CALL SECONDI(PT2)

ICOUNT=0

IE=0

EPUS=0e
********************************************************************
#TAKE ONLY (2%MD-1) ELEMENTS IN X BECAUSE OF REFERENCE ANGLE. #*
********************%*******%*******************************%*****%*

N=N-1

CALL SECOND(T2)

TIME=T2=-T1-PT24PT1

PRINT 31,TIME

PRINT 4008

CALL SECOND(TL)
**************************%*****************************************

#OBTAIN THE GRADIENT OF ERROR FUNCTIONe *
NN RRRERRE R R R R RN F R IR KRR FH B HH R RHHF X TRF N RH
CALL GRADI1

ICOUNT=TCOUNT +1
RS BN B 0 I BT 33 33 I3 I3 I NI IR HH RN FHH R R

#UUSE SECOND ORDER MOVE VECTOR TECHNIQUE ONLY. *
#COMPUTE MATRIX OF SECOND PARTIAL DERIVATIVES OF ERROR FUNCTION *
#WITH RESPECT TO ADJUSTABLES. *

******************%**********************************%**************

CALL ESPD(K)
DO 8001 I=1sN

8001 BB(Is1)=1e0

I 3636 36 36 36 6 36 36 36 9 36 30 36 56 30360 30 3630 36 3 33696 36 36 36 36 36 36 30 36 36 36 36 36 2 336 36 3030 30 H 3 K IR HAH AR
#* INVERT MATRIX OF SECOND PARTIAL DERIVATIVES. *
AR RN R R R R AR R SR ER R R R R R RN R H R R RRRRHFRERHFL AR

CALL MTINV1(BBsOsDsIRRORsIPIVsIND)
J6 3636 363 3 3636 36 3 36 336 HH K 3303036 3 336 3 36 36 36 3 K 3630 36 3 363 30330 3 3303036 3 336 343036 K H AR IHHHH N
%*CHECK IF IT IS POSSIBLE TO USE THE SECOND ORDER MOVF VECTOR. 0B- *
#*TAIN VECTOR OF CORRFCTIONS. ¥
363636 36 336 36 36 30 36 36 35 3 3 35 3 H 36 36 3 3 36 3696 3636 35 36 3696 36 36 3698 3636 36 3 3 30 36 36 36 3630 46 6 36 36 3 30 36 36 3¢ 36 3¢ 36 36 36 36 36 3 303k

CALL METHOD(IRRORs ICOUNT)
33 36 3646 36 36 36 3 36 36 36 3 H6 3 36 36 30 3 3036 36 43 36 363 32 6 38 36 36 36 36 36 36 I 30 3 36 390 3 3 36 3 36 3 3 3R HFRAK
#PERFORM A ONE-DIMENSTONAL SEARCH TO OBTAIN OPTIMAL LAMBDA. *
o33 3636 36 3036 36 3 3 363 3 R H 3 630930 336 356 36 36 36 % 30 3 3636 333 H M B HF K KRB HHHAFE R KK H R %
CALL INTER(AA,B8B)
CALL ODS(AAsBBsTOLERs100sALAMBsFMAX)
T3 I 6 03 R H IO KRR W H N H R XK KRR R IR

#*OBTAIN NEGATIVE OF CORRECTIONS AND CORRECT VECTOR Xe. ¥
30 3 5 36 33006 3 H 50 3630 36 30 3036 0 90 33 0 3 H % K 3 3636 K K KA MK MK FH R HRHF K

DO 20 J=1sN
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C
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D=ALAMB#DELX(J)
X(J)r=X(J)=-D

CONTINUE
36338 36 033 3 9 36 3636 3 30 4 30 I 30 36 36 3690 36 % 3% 396 36 36 36 36 336 36 36 3 3036 36 0 SE 30 I3 36 36 3630 3096 9 6 369 36 3636 369 330 g3k
#COMPUTE NEW ERROR, #*

36 36 36 98 336 T30 36 B30 3 5 36 30 5 336 36 36 33 0 3636 96 3 3636 3636 36 36 36 36 3036 36 3 36 36 30 36 3 30 3 K 3 36 36 36 36 96 90 90 36 36 36 3 363636 3 3 33 3¢ 3¢
CALL REST(ENORMSQ)
ENA=2 ¢ %MD
EPU=SQRT (ENORMSQ/ENA) ,

363 B IE e 3 B0 3 I e R M IR R I AR IR H RN R KRR H AR

#RESTITUTE ENTIRE DIMENSION IN X FOR PRINTING PURPOSFSe *
363 3 H 3 I3 330 3 36 36 H I H 2 H R I3 32 3 330 36 36 36 3 6363 3 3330 A0 3 3 36 30 3 AR H R HHHRRH
N=NN

JE IR A H K HHFH RN R KRR HH KRR RN IHRHFRIAF R RN

#*CHECK IF THE DIFFFRENCE BETWEEN NEW AND PAST ERROR IS LESS THAN *
#0OR EQUAL TO E-10 FOR TWO CONSECUTIVE TIMES. *
KN R RN R RN R RN AR K MR R AR KR RHHFF KR

DEPU=ABS (EPU-EPUS)

IF(DEPUeLE«10E-10)11513

IE=1E+1

IF(IFe«GE«2)GO TO 10

IF(IEeEQel)GO TO 12

IE=0

EPUS=EPU
B 3636 36 3 36 9 36 3 39 336 3 36 3 36 9634 3 3446 I I M WM R H F K IR KRR KK KR XA FHFER
#CHECK IF THE VALUE OF THE ERROR IS LESS THAN OR EQUAL TO THE DESI-*
*#*RED MINIMUM, ®
F R IR KRR IR H R E R RN H I NN W H RN R NN F R RRF RN

IF(ABS({EPU) eLELEPSINIGO TO 10
6 36 36 3 36 3636 30 36 3 6 36 3636 36 36 36 30 3 36 36 36 3636 3600 36 K 3 36300 30 30 96 30 030 HIE MBI K KWK K AR A K

¥*CHECK NUMBER OF ITERATIONS. *
3636 36363 36 36 3 36 3 36 56 36 36 36 3 330 F 30 6 336 3636 3896 3638 36 36 36 3 3 33 3 36 303636 H I3 3 3 S K B K N KA AR
M=M=-1

IF(MeLELO) GO TO 35 ‘

CALL SECOND(T2)
36 36 36 36 36 36 36 3 3 363 % 36 3 336 336 36 36 36 36 3 3 36 3630 35 3 3 36 36 3 3 3 3635 30 3 3 363 36 36 3430 36 3% 3 K 3 36 3636 36 I I HH R E K
#PRINT NEW RMS PER UNIT ERROR. *
********************************************************************

PRINT 95 ICOUNT

PRINT 5sEPU

TIME=TIME+T2-T1

PRINT 30sTIME

PRINT 4008

FORMAT(/7/)
36 36 36 36 36 36 36 36 36 363 36 3 36 3 34 36 3 56 3 36 34 3t 3 36 36 36 36 36 36 36 36 36 3 36 336 38 36 36 3 36 36 3 3636 3 36 36 6 3036 336 3 3K K NN
*#SET DIMENSION OF X TO N-1 AND PERFORM ANOTHER ITERATION. *
36 36 36 34 36 36 36 36 3 36 3 35 36 36 3 363 3 3 36 3 36 3% 33 3 K 3 36 3 3 3 36 36 363 38 3 3 3 36 36 I 3£ 3 34 36 3 I 36 36 3% 36 6 % W 3k 3¢ 3¢ 3 3 I3

N=N-1

GO TO 7

PRINT 6s ALAMB

FORMAT (#* MORE ITERATIONS NEEDED LAMBDA=#sF1044)

CONTINUE

CALL SECOND(T2)

TIME=TIME+T2-T1

AVEANG=0,
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53

54

70

57
66
67

58
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***************%****************************************************

#*COMPUTE EXCITATION VOLTAGES AND EXCITATION ANGLES. *
30 3 326 6 3636 336 36 3 3% H 36 3 3 36 36 30 3 3690 3036 36 36 36 36 30 36 36 36 36 0 3 5 3036 30 3536 K 3 3630 0 336 3033 A HH
DO 52 J=1sNM
VMR=ZMR( J) *UMR(J)=ZM1 (J) #UMI (J)+VREF (J) *¥COS(ANGTER (J))
VMI=ZMI (J)%¥UMR(J)+ZMR(J) #UMI () +VREF(J) ¥SIN(ANGTER(J))
VM(J)=SQRT(VMR¥*3#2+VM] ¥#2)
ANGMACH(J)=ATAN2(VMI s VMR)
FE B H B I 3336 30333 3 I 3 I 3R 33 333 IR R R R H R R H I RRK
#CALCULATE AVERAGE ANGLE. #
3636 36 3030 36 3 T 3626 3 H M H I 3 206 2 3 R K B 3 K I K636 I I S F I KR
AVEANG=AVEANG+ROIN(J)*ANGMACH(J) /SUMIN
330 0 636 3 3036 F 0 3636 30 B 3 0 S 32 36 36 30 I3 S 06 36 I3 3036 6 36 3E 3 A 36 38 3 3 3 36 3363 3 M MR A AR

#*CORRECT TERMINAL AND EXCITATION ANGLES. *
***************************%****************************************
DO 59 J=1sMD
ANGTER(J)=ANGTER(J)~AVEANG+0.3
DO 60 J=1sNM
ANGMACH ( J) =ANGMACH (J) ~AVEANG+0 o 3

PRINT 3006

FORMAT(53Xs* OPERATING STATF#*/)

PRINT 53

FORMAT (% NODE TERM VOLTS TERM ANG EXC VOLTS EXC ANGLE

1 POWERS VARS VAMPS PTAR QTAR VATA
1R¥*)
********************************************************************
#PRINT OPERATING STATE. *

6 3696 3 3636 36 3636 3 7 30 36 3 3696 36 3636 36 3536 36 336 3 3 3630 6 3 3636 36 36 36 3 % % 36 I3 36 36 3036330 3 3 R R XA F XK KKK
DO 54 J=1,MD
PRINT 569JsVREF(J) sANGTER(J} sVM(J) s ANGMACH(J) s POWERS(J) s VARS(J) »VA
IMPS(J)sPTAR(J) sQTAR(J) s VATAR(J)
CONTINUE
PRINT 3003
PRINT 95 ICOUNT
PRINT 20059EPU
PRINT 30sTIME
S5 36 36 36 336 36 3636 3 3 36 36 36 36 36 36 30 36 36 36 36 3 3630 330 36 30 3638 36 36 30 30 36 30 30 3 36 33 2 30 3036 396 6 30 06 360 I3 H R AH KK

#CALCULATE LOSSESe *
$6 3 3636 3 3 36 3 3% 36 33 39 %3 303 36 3530 30 3 330 330 30 36 3696 36 36 30 36 30 303 3 3 IS0 3 0 3036 33 3 3 30 3 0 030 H MK

DO 70 J=1sMD

DO 70 K=1sMD

TOTALPO=TOTALPO+RNR(K s J)¥VREF (J) %*#2

SUMLOSS=TOTALPI-TOTALPO

PRINT 57 sAVEANG

FORMAT (¥ AVERAGE ROTOR ANGLE =%49F1046)

PRINT 66sTOTALPI

FORMAT(* SUM OF POWER INPUTS =%¥4F1546)

PRINT 67sTOTALPO

FORMAT(# SUM OF POWER OUTPUTS =#4F1546)

PRINT 58 sSUMLOSS

FORMAT (% SUM OF POWER LOSSES =%4F1546)
336 3 3 3636 36 36 36 33 36 36 3 #3636 3036 36 3 36 36 36 6 636 23 36 30 36 3 33 3 3 I H 00 O 3 I 3303030 0
#CHECK IF THERE IS ANOTHER ERROR FUNCTION TO USE. *
36 36 330 3 3 36 3 5 H 3636 336 3 306 3600 30 3 2630 33 30 30 30 3636 3 3 3 3630 % K 303030 3 36 36 363 30 3 K 6 3030 30 H 000 K H

IF(INDEX«LTeNF) GO TO 25
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2005

30
31

FORMAT (%
FORMAT (%
FORMAT (*
FORMAT ( *
FORMAT (%
RETURN
END

EPU =%#4F10e5)

MIN EPU =%#sF10e5)

ITERATION NUMBER%*,13)

TIME AT THIS ITERATION =#4F10e5)

TIME SPENT REFORE ITERATING =%#5sF1065)

112
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SUBROUTINE ODS(A,B,TOLER,L,XMAX,YMAX)

Select two points X, and X5

(EE}————A—-within given interval [A,ﬁ] o

Use golden mean as criterion.

.

CALL FUNCT(X1,FX1)
CALL FUNCT(X2,FX2)
Obtain corresponding error
values (FX!1 and FX2) for
selected points.

- e

®——-C[s FX2 < FX1 o}}_}_g.s_ﬂ_-,_-_w.u. e v l

NO ; .
Maximum is in [Maximum is in

x1,8 . a,x3 .

|
Set B=X2 and pick
X1 according to

Set A=X1 and pick
X2 according to

golden mean,

golden mean.

o - o oo ]

| i

CALL FUNCT(X2,FX2); "CALL FUNCT(X1,FX1)

Obtain error (FXZH
for new gain (X2).|

Obtain error (FX1)=

for new gain (X1)4

\

e e e e e e mae

f

Has the limit in iterations

been exceeded ?
YES

l

* See footnote in subroutine FUNCT

Put a flag. ——— ETUR



Is the new interval,
IBS( Tx1,X3] less than or NO
‘equal to tolerance ?4

| i

Pick gain correspon- (}s (X2-X1) £ 0.2xtolerance 3)
ding to maximum bet- YES | L NO
ween FX1 and FX2, or

the average if FX1=FX2. 27 _ 13

Store optimal gain in

XMAX. |

\

Pick the corresponding
error to gain XMAX,
and store it in YMAX.
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SUBROUTINE ODS(AsBsTOLERsL s XMAX s YMAX)
36 96 36 38 36 38 36 36 35 36 36 36 36 36 369836 36 36 36 36 3 3% 3 36 36 363 H 3 3636 36 35 3636 3 3 6 336 3 3 930 33 96 H 366 30 I W I KN A HAH
#THIS SUBROUTINE PERFORMS A ONE DIMENSIONAL SEARCH FOR THE OPTIMAL #
*GAIN LAMBDA. THE MINIMUM OF THE FUNCTION ERROR VSe. LAMBDA IS LOCA-#*
*TED WITHIN THE TOLERANCE SPECIFIED IN THE INPUTe THE OUTPUT OF THE¥
*SUBROUTINE 1S THE OPTIMAL GAIN STORED IN XMAXs AND THE MINIMUM *

#ERROR FOR THAT GAIN IS STORED IN YMAXe *
363636 3 3 36 36 36 36 3036 36 3 3 3603603 2 2030 30 3636 3036 3030 36 36 9 6 3 06 3636 30 3036 303 MK K I H RN AH H R

COMMON INDEX

11=0
X2=(B=A)/{0s5%(1e+SQRT(56))) + A
X1=B+A-X2

CALL FUNCT({X1sFX1)

CALL FUNCTI(X2,FX2)

GO T0 13
IF(X2=X1eLEeOe2*¥TOLER) GO TO 27
IF(FX2eLTeFX1) GO TO 40
IF(FX2eLTeFX1) GO TO 40
A=X1

X1=X2

FX1=FX2

X2=A+B~-X1

CALL FUNCT(X2sFX2)
I1I=11+1

EP=B-A
IF(EP«LETOLERIGO TO 41
IF(I1eEQelL) GO TO 42

GO TO 12

B=X2

X2=X1

FX2=FX1

X1=B+A-X2

CALL FUNCT(X1sFX1)
EP=B-A
IF(EPeLE«TOLER)GO TO 41
I11=11+1

IF(I1«EQeL)YGO TO 42

GO TO 12

EP=B~A

PRINT T7osNsEP

FORMAT (%* NUM ITERATIONS=%#,16s% TOLERANCE=#3F10.6)
CONTINUE

IF (FX1leGTeFX2) X=A

IF (FXleLTeFX2) X=B
IF(FX1eEQeFX2) X=(A+B) /2,
CALL FUNCT(XsFX)
YMAX=AMAX1(FXosFX1sFX2)
XMAX=X2

IF(YMAX.EQeFX) XMAX=X
IF({YMAXeEQeFX1l) XMAX=X1
RETURN

END



SUBROUTINE REST(VALUE)

temm e ey

Transform vector of adjustables

¥

Calculate node currents.

—t

Calculate real and reactive
power, voltamperes, and power
errors, at each node. Calculate

sums of powers and voltamperes,

\

Compute value of error function

for the given vector of adjust-~

ables.

(ls real power at node j negative ?:)-F ————— .

YES ' * NO

{

Store this power} i Store this poﬁij
|

as power input.

as power output.!

I

Have all the nodes
NO i
been tested ? J=

YES

into terminal voltages and angles.
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SUBROUTINE REST(VALUE)
*********%**********************************************************
%*THIS SUBROUTINE COMPUTES THE VALUE OF THE ERROR FUNCTION FOR A GI-*
*VEN VECTOR Xe THE RESULT IS STORED IN VALUEe ALSO THE VECTOR X IS *
*DECOMPOSED IN VOLTAGES AND ANGLES AND STORED IN THE COMMON BLOCK ¥
*REF. THE REAL AND IMAGINARY PARTS OF THE NODE VOLTAGES AND CURREN-#
*TS ARE STORED IN THIS BLOCK ALSO. *
********************************************************************

COMMON INDEX

COMMON/SHARE/X(100)sDEL(100)sA(1005100)sN

COMMON/CRST/DELX(100) sDELX0O(100)

COMMON/ADMIT/RNR(858) sRNI (898) sMD

COMMON/COSTS/CP2(8)+CQ2(8)

COMMON/TAR/PTAR(8)sQTAR(8) sVATAR(8)

COMMON/DERIV/DPDV(8s8) sDPDA(858) sDQDV(858) sDQDA(848)

COMMON/REF/VREF (8) s ANGTER(8) sVR{8) sVI (8) sUMR(8) sUMI (8)

COMMON/POWER/ TOTALPOs TOTALPI sPOWERS(8) sVARS(8) s VAMPS(8)

COMMON/SUMS/TOTALPsTOTALQs TOTALVA

DIMENSION PE(8)sQE(8)

DO 20 J=1sMD

VREF(J)=X(J)

JA=J+MD

ANGTER(J)=X{JA)

DO 206 J=1sMD

VR(J)=VREF (J) #*COS(ANGTER(J))

VI(J)=VREF(J)#SIN(ANGTER(J))

DO 207 J=1sMD

UMR (J) =0

UMI(J)=0

DO 207 K=1sMD

UMR (J)=UMR(J)+RNR( JsK) #VR (K)=RNI (JsK)*VI(K)

UMI(J)=UMI(J)+RNR(JsK)*VI (K)+RNI (JsK) *¥VR(K)

VALUE=0

TOTALP=0.

TOTALQ=0.

TOTALVA=0.

TOTALPO=0.

TOTALPI=0.

DO 511 J=1sMD

VAR=VI (J)¥UMR (J)=VR( J) ¥UMI ( J)

TOTALQ=TOTALQ+VAR

VARS(J)=VAR

QE(J)=VAR-QTAR(J)

POWER=VR (J) #LIMR (J)+VI ( J) *UMI (J)

TOTALP=TOTALP+POWER

POWERS (J)=POWER

VAMPS (J) =SQRT ( POWER## 2 +VAR#%2)

TOTALVA=TOTALVA+VAMPS(J)

PE(J)=POWER-PTAR(J)

VALUE=VALUE+(CP2(J)*PE(J)*%#2+CQ2(J)*QE(J) #%#2) /VATAR(J) *%2

IF(POWEReLT40)21522

TOTALPO=TOTALPO-POWER

GO TO 511

TOTALPI=TOTALPI+POWER

CONTINUE



_A,5 The output from program NNEW T2,

ADMITTANCS MATRIX OF NODES

. . 1 2 3 L
1 14.92 -88.60 -2.19 23090 65059 65.31 0.00
? -2.13 23090 18.°l -160057 ‘13.38 l37059 0.00
3 -5,459 65.31 -13.38 137.59 78.01 -256.59 0.00
4 0.00 0.00 0.00 0.00 0.00 0.00 24.88
___5 0,00 0.00 0,00 .. _0.00 0.00 0,00  __. . . ~-14.97
-] 0.20 0.00 0.00 0.00 0.00 0.00 0.00
7 0.2 0.00 0.00 0.00 -6059 57.04 -9.90
8 0,90 0.00 0.00 0.00 0.00 0.00 0.00
9 0,20 0.00 0.00 7.00 0.00 0.00 0.00
10 0.9 0.00 0.00 0.00 0.00 0.00 0.00
5 6 T
1 n.0N 0.00 0.00 2.00 0.00 0.00 0.00
2 0.90 0.00 0.00 %2.00 0.00 0.C0 0.00
3 0.00 0000 0000 0000 "6.59 57004 0.00
e =1¢,37 115,71 0.00 _—-0a.00_ =9.90 -99.01 . _0.00
- 2°.91 -186.,00 0.00 V.20 0.00 0.00 0.00
] 0.70 0.00 13.90 -182.17 0.00 0.20 -9.40
7 N. 00 0.00 0.00 0.00 16,50 -154.12 0. 00
f 0.00 0.00 -9,40 66423 0.00 0.00 13.61
S 0.00 0.00 0.00 113.64 0.00 0.00 =2+45
_ 1o -10,93 71.32 . 0,00 _ _..__0.00 0.00 000 . =177
9 : 10
1 D.00 0.00 0.00 0.00
2 0.10 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00
4 0,00 0.00 0400 0.00
S 0.00 0.00 -10.93 T1e.32
& N.N 113.564 0.00 0.00
7 0.99 0.00 0.09 0.00
2 =2.45% 59.07 -1.77 19.52
¢ 2445 -1569.41 0.00 7.00
10 0.00 0.170 ~12.70  ___-89.57 -

0.00
0.00
0.00
=213.47
115.71
0.00
99.01
0.00
9.00
0.00

0.00
0.00
0.00
0.00
0.00
66.23
0.00
-1400l8
59.07
19.52

611



"A.., \~ R~ e 3
TNVEPSE NIDF ADMITTAMCF “YATRIX
1 —_2 3 S S
1 «141738 «0197538 «112761 -.001538 «012498 -+002789 «012648 -+008061
2 «112751 -.01133% «013428 «N03840 «J126737 -.002111 «013139 -+007394
3 e ¥124280 -+J027R9 «N12697 -.002111 «012732 -:701670 «N13353 -+006922
L e 1244R -.0080¢1 «0131139 - 007394 «013353 -+006922 «025932 « 015576
€ 12417 =2 NNQE22 «)1 2987 -~ 00RBT2 ... a013252  _-,008401 @ .028350 «013844
6 203420 ~+01933€& « 005727 -+ 013931 «010345 -+.018542 «042665 -.001824
7 « V12722 -eNN6225 «N13112 -+005547 « 01132562 ~+005082 «02168% «007361
A e )17243] -+N19057 «01057¢ - JIREL4 «011182 -.018197 «042956 -.000028
Q « 10039 -.019513 «N1 0204 -«716134 «010830 -.018777 « 043580 ~-.001242
10 «I11F 133 -e)11712 «012522 -+ 011103 «N12854 ~+e010642 .031788 «010819
s 6 7 8
1 «N12417 -.000522 «N08A29 -.N163135 «012722 -+005225 «009491 -+013067
2 1223737 -.NV8RT 2 «NNC727 -+ 018931 +013112 - 005547 010576 -.018614
3 e 112252 - NNR4N1 « N1 N3I4R —-eN19542 013242 —.N05082 «011182 -+ 018197
4 129349 013344 2042065 . _ . =a001824 4 0216R8% ___ .00T73&1 . .042956 -+000028
s e 132532 « 0205690 «95208¢ « 003406 «023203 +005590 « 052202 « 005626
& « JE20 34 «N034Cé «11£882 - 048605 «031271 -.008197 +114482 « 044530
7 « 123203 . N0%E30 031271 -. 008197 «019849 «009202 «031774 -+006915
A « V52292 «NIRL24 114482 « ML 530 «031774 -.006915 .113170 « 049597
2 «DFIL21 «N04237 T «l11E374 «04313¢ « 032041 ~-.007914 116219 «047120
B 1)) «237213 0217338 _a08ETT1 011548 — . .- «025283 . _.002901 @ .066616 . . .014451
2 10
1 « 3090130 -«019513 «N11833 -+ 011712
2 e 10294 -«N13184 « 012522 -+711103
3 «N10230 - NIRTT7 «11284%4 -e0N10642
A 23530 -.0012%2 .031788 ___.Q10819 _ - e
€ «D53121 ~.0Ne233 «N37203 + 0171338
& 11231374 04413 F «06ETTL «011558
7 « V32741 -« 0NT91 ¢ «025253 «002Q01
Q e114219 «047120 e NEEALE « 014451
Q « 1200 3¢ oN5L5HT «NETIC3 «012778
10 a)E£7C Q3 2012718 0456460 __L,027°500 . . _

021
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_ IMPFNANGE MATCIX 2 REGULATED VOLTAGE NODES

1 2
2 «N1«13% « 007538 . ...«012751 -«001€38
2 «N12761 -.001538 «013428 +003840
3 «N1243R -.002789 «012697 -.002111
“ 012447 -.02R0€1 «0131139 -+007394
© «J12417 -+0N09522 « 112987 -+ 008872
[ « 108429 =.019335 « 000727 -+713931
. 7 2212722 =« 006225 «013112 -« 005547
3 «20C4 I -+N19067 «N10575 ~.01Pk14

) 6
1 «112417 -.NN9% 22 ..009629 -+0139335
e 2 2129827 -+ 038872 - _ 200°727 ~=+918931
3 «N13252 -.018601 «010345 -+ 0138542
4 «02PR350 «013R44 « 062545 -.001 824
s «N3243¢ «0205¢60 « 052085 « 003406
£ e« }F20134 «00340¢ «116862 «N485695
7 «1232)3 «00569) +031271 -.008197
—— -9 £ 0F2202 .—«00562¢ «114482  _  ..044530

ADMITTANCE MATRIX FN REGULATED VNLTAGE NODES

1 - 2
1 14472 -938,50 -?2.19 23.90
2 "=?.19 23.90 18,91 -160.57
3 -4 30 55,31 -13.318 137.59
& 220 200 L=ma00_ . . _ 00
B -« 00 =00 «00 -.00
¢ =)0 -.00 -.C0 -.00
7 =10 -.00 =00 <00
a 0 «00 «0J «0

[ 4 i o 6
1 =20 -.00 « 00 «J0
2 =o' )N -0N «00 «00
3 .00 .00 -.00 000
4 -14,.37 115.71 -.00 «00
.8 1£. 5% ~=129.22 . SR - o [+ I -«00
6 <00 «00 18.00 +105.96
7 « 00 <00 «00 «00
] -1.%° 15.5% 10,47 105.87

3
«012498  _ =~,002789
012697 -.002111
«012732 -.001670
«013353 -.006922
«013252 -+N08401
«010345 -.018542
.«.013262 -.005082
«011182 -.918197

7
«012722 -.006225
2013112 = =.005547
«013262 -.005082
«021635 007361
«023203 «0055690
«031271 -.008197
« 019560 «009202
031774 . __-.0C6915

3
-%45¢ 6%.31
‘13' 38 137.59
78,01 -256.59
-—=00 «00
=00 «00
«00 .00
-6459 57,04
-«00 -+00

— 7
«00 .00
-+00 «00
-6050 51.0‘
-9.90 99.01
«00 «00
«00 «00
16.50 -154.12
-+ 00 -+00

+012648
«013139
«013353
«025932
028360
«042665
«021685
« 042956

« 009491
«010576
+.011182
« 042956
+052202
el14482
«031774
«113170

00
00
-+00
24,88
-14.97
-.00
-9, 20
«00

-+00
-+.00
«00
«00
-1.59
-100‘07
-+.00
12.03

4

-+008061
-.007394
-.006922
« 015576
«013844
-«001824
«007361

~«.000028

8

-0019061
-e018614
-.018197
-+000028
«005626
« 044530
-+006915
« 049597

«00

«00

-+ 00
-213.47
115.7T1
-+.00
99.01
«00

«00
00

-+ 00
15.55
105.87
-.00
-115.35
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INTE2NAL [MPFDANCF NF OPNWER METWARK

221

2=2C2 R=2CR X=2C1
1 <0111 .0018 + 0110
2 «00€2 «Neo7 «00¢1 .
3 « 0037 <0011 « 0036
4 0347 .000"% « 004¢
5 «N077 0010 « 0074
A 22093 0013 20053
T «00€5 «00n7 « 0064
R «00R% +0009 « 0086
c———-_NODE CONNECTICN VFCTORS OF TRANSMISSION | INFS
LINE )} 2 3 ¢ s 6 7 3 9 1 11
NODE 3 2 3 7 7 5 10 10 1 1 2
NODE 1 1 2 3 & 4 3 8 S 5
MACHINE CHARACTERISTICS
NODE INFRTTA RESISTANCE RFACTANCE  MAXIMUM POWER
1 £+ 710000 -0.020300 «114000 20. 000000
2 8.719000 -0,000000 078200 260050000
3 24540000 =0.000000 447700 44500000 e -
& T.110000 =0.020300 063700 15.,000000
] 2.099001 -0.,010200 «031500 21.000000
6 10. 530000 =0.0000C0 2074100 27.100000
7 =0.0070n9 -0.000000 =0.099000 0.000010
A =0. 007009 =0.000000 -0.000000 0.000000
INITTAL STATE
NONE TEFMINAL VALTASES PCWFP ERROR WEIGHTS COMPUTED POWERS POWER TARGETS
_ TEQM VCLTS  TE29 ANG cp cQ - ... POMERS_ ___ VARS . __ VAMPS PTAR QTAR VATAR
1 1.00007) =+300000  1.0C0000 1.000000 7.1500 -+6100 T.1750 19,2000 2.0000 19.3039
2 1.000031 -+300000 1.000000 1.000€00 3.3520 -.9120 3.4714 23.0000 3.2000 23,2215
3 1.09000239 =-+3001700 1.000000 1.000000 52,4500 -3.3590 52.5566 4.3000 9500 4.4037
4 1200009 =+309000 1.000000 1.000000 «0000 -1.2%30 1.2500 15.0000 1.7500 15.1017
5 1.7910)) =+300090 1.000000 1.000900 -.0114 ~2,04213 2,0428 21.2000 2.5000 21.1483
S - -—1.0C0000 . 445320 L0883 4.5328 . 26.0000 8, 7000 27.4170
7 1.700009 -+300990 1.0C0000 1.000000 =«0000 =~1.9320 1.9300 =-4.9000 0.0000 4.3000
8 1.00%03) =+306900 1.000000 1.000010 =0171 =6.0750 6.0760 -31.5000 -11.5000 33,5336
TOTALS §7.4534 ~16.0R19 73.0359 72.1000 7.6000 149.0297
EPU. 2__ 2,8117S§ : L

TIME SOENT REFIOF [TFPATING = . 01400



o~

1TERATICN NUMBER 8
MIN EPU = .02359

AVERAGE RCTCR ANGLE
& SU¥ QOF PCWER INPUTS

SUM OF PCWER QUTPUTS
SUM OF PCWER LOSSES

~~

o~~~
' .

[E2]

N

N

o™

75

TIME AT THIS ITERATICN

ol

124

2.27800
«300000

109.892404
106.081123° 77 7
2.911280

- - - —_—— -— — — o oe
- S—— ——tame = ————— —— o -
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