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Appendix A

Theoretical Study of The Convergence of

The Newton—Raphson Method

A.l. Introduction

The solu problem by NRLF,

DLF, and FDLF | These methods
are focusing on Appendix C ) and

nonlinear equat be focusing on

the solution of Mations.

A.2. Iteration Forj

Let real-valued function
which as many h;" - Eﬂ'in what follow.
Furthermore, it %: : sfhe neighborhood of

i 3¢ ¥

the desired root ‘c is a simp&s root. Let g(x) be

erse QS INBNFNYARGorr o e

about a poi ¥y s given‘by

’QW']@\‘lﬂ‘iﬁuﬁJW]’mﬂ'lﬁﬂ

gly)
m+1 j () m+2 (m+2)
= I (xy =% ) £ {¥y) + 0% =3%) g (n)
j=0 i i i

it (m+2)!
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m+1 J (1) m+2 (m+2)
= x + I (y-y)lg(y)+(y-y) g (n)
i j=1 i i i
i (m+2)!
| (A.1)
(J) J
g (¥ )
i
where n 1is bet - | T = g(0), we have
4 1) : m+2 m+2 (m+2)
e = X ¥ 4 SV 1) vy g (n)

i
m+2)!

PRI '1 W2 me2 (m+2)
= X -:.""_ 1 f B {n) (A.2)
- i
(m+2)!

£
A J

- :
where it has hoRra e —
v

W ﬂ‘NEI’JVIEIW’a'WEI']ﬂ’B'

(1)

Qﬂﬁﬁ\iﬁ’iﬁ”ﬂﬁ"lﬂﬂﬂ']ﬁﬂ

Equation (A.2) suggests consideration of the

fterations formula

m+1 d 1 C1)
x = x 0+ L (-1) fg

i+1 i =1 i i (A.3)
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Subtracting eq. (A.3) from eq. (A.2) and gives,

then

+2 (m+2)
g (n) (A.4)
i+1

Since, from the

then

f(x ) = f(ec)

“mewawwmm
ammnmwmm%” o

(m+2)! (A.6) -

If the root is simple, the term in braces in eq. (A.6) is
bounded Iin some neighborhood of c. Therefore, the order
of eq. (A.3) is m+2, and if the initial approximation is
sufficiently good, the iteration will converge.

The evalution of eq, (A.3) requires the evalution
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of f(x ) and its first m+1 derivatives. If O 1is the cost

i (J) J
of evaluating f (x ) relative to the cost at evaluating
i
f(x), and it is given to 1, the efficiency index of eq.

(A.3) is given by

El (A.7)

where

of eq. (A.3) is

Whson iteration,

B(x ) f(x ) (A.8)
i i

The error is g -
v: uh' J
- 2

e A | — E'f: e (A.9)

ﬂ‘LlEI’JVIEIW’a'W El']ﬂ’i

The value of % q. (A.3) wil} depend party and ether the

‘”H&meﬂeﬂww@nﬂmaﬂ

(1)
g d gl(y)
i = y

d y i

1
-



g1

(J§)
For j > 1, it can be computed the g in terms of deriva-
i
tives of f(x) at x = x as follows. If the operator D is
i

defined,

Hence

Then

ﬂuﬂqmﬂwiﬁﬂﬂns

awﬂa¢Wﬁmuwﬂ1ﬂﬂwaﬂ o

3
2 [ £'(1) ]
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In faect it can shown that the terms in f'(x) can be

canceled as If

1 = 1 = X
1 i
so that
e (A.12)
i+1
From eg. (A.7)"% i RV 8 ™Mo Newton-Raphson
method is "
where O 1Is the cost_
1
It can¥ iY2) that if the
first and secofiffi d%¢ *Te nfidrly constant from
iteration to iteraftdpon, the gpror in the iterate will

decrease aﬂummmwmmrm step.

This type nf convergence &s calledg, "quadrati@/convergen-

AR UBAINGAA Hlcaracse
cunver;lnce near the solution. If e is plotted versus i
with e on a logarithmic scale, gquadratic convergence
implied a straight line characteristic. For this reason,
an alternative form for quadratic convergence is logari-

thmic convergence.
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A.3. Newton-Raphson Method in Vector Form (8)

In the vector case, the result is similar and

obtained nothing but the vector equation

F( X )

has solution X . teration formula

(i+1) o | (i)

X F( X ). (A.13)

Applying the each row of X

Petween row ( X )
J s
is the Jacobian

there exist a Z%5
(i)
and row { X )

J
at Z ., and

Let the Euﬂﬂmwﬂﬂm quﬂ{vjthe magnitude
RO Mgy

where
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61 -

[Q@] = [T ]1~-14 11 J(Z) ] (A.16)

Equation (A.16) 1is not as readily interpreted as in the
. (i+1)

scalar case: however, the size of e is readily shown

to be related to

through the eige When the eigen-

values of [ Q Wenge -1 to 1, the

error at the it atic funetion of

the term-by-term i. As in "the

scalar case, the logarithmie con-

vergence apply.

A simi sult is found by

.5

considering thelY X Jula,

11

¥

(1)
)

(1)

ﬂuﬂquW5wbﬂﬂs

written as

1 ﬁ\‘lﬂ‘iﬂmﬂﬁ')ﬂmﬁﬂ (a1

where X 1is the update on X at iteration i,
i

(i+1

[ P ] is the inverse of the Jacobian matrix,

(i)
and F is a shorthand notation for F ( X ).
i ;

Let the eigenvalues of the Jacobian matrix inverse [ P |
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be p ., P ,..... ., P and let the corresponding eigenvectors

2 N

be k , k ,...., k. Further, let the model matrix, [ M ],
1 2 N

be defined as

[ M ]

and let

Consider only dependent eigen-

vectors ( if t is repeat, it is
possible to rew below in terms of
generalized elgen «,d‘-? \ ':ult is similar but

slighty more compli span Euclidean

N

N-space ( R ), .. be expressed as

linear cambina‘:;

Audingnineing
QRINNIUNMANNY =

Let B denote the N-vector of scalar elements b , and let

: J
C denote the N-vector of scalar elements ¢ ,
> J
X = [ M ] B (A.20)
i
F “ = I M ] e (A.21)
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Then eq.(A.17) is rewritten using eq.(A.20) and eq.(A.21)

[ M ] B = [Pl IMN]C

Hence

l [ M]C (A.22)

Equation (A.22) e k are linearly

J
independent and | M ] is the model

matrix of [ P [P )] I M] is =

similarity tra W ich diagonalizes

[ P ],
(A.23)

Examine eq.(A.23) i” : magnitude of wvector

B may be though of the correction term

g,_—_—‘—l."‘[ length" of the
%ﬁ Lt1oms il |

and the magn

residuals at it '“gth“ used in this

context is broad, ¢ppt note thaf,for the case of orthonor-

o AUGINENINGING
qhﬁmnmmm’imné’ ]

t t
BIMI]IMI]IB

2
|» |

Even if [ M ] is not orthonormal, B is a measure of

1

the norm of X . A similar argument applies to C.
i



a7

Hence eq.(A.23) states that the correction applied at
iteration | is related to the residual at iteration i by
the eigenvalues of [ P ] ( i.e., the eigenvalues of the

inverse Jacobian ). When these eigenvalues are smaller

than 1,
I P | Lige By s + N
i
the correction wi 0 71 -Q'-  ?f”awunntone decreasing
in amplitude ( i JJ & 1?1r”<-a~~m step to step ).
) LA -1
One concludes t T o T TN cWalues of [ J 1]
degrade and contryf | ’ 1~H ;-H"l; each iteration.

]

AUt INnineIns
PIANTUAMINAE
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Appendix B

The Bus Admittance Matrix

B.1. Bus Admittance

jatrices (10)

Consider N+1 nade.'inclu-
ding the refere

BE.1 where node O
is chosen as th

Fth

S SlESEL

‘rﬁ\’ N EX
DS (X

FIFEI ﬁmwmn'ﬁ
m@\mmumw 188

reference

-— |
pt— |
]|

Fig. B.1 A N+1 Node Network With Node O As Reference

It is possible to write:
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[ 1] = LE] I¥] (B.1),

where [ Y | is the node admittance matrix.

[ V] 1s column ';‘- % node voltages.

[ T ] s e currents.

If the inverse ol ':_nay write:

[ V] (B.2),

where,

[z ]

[ Z ] is called g point and transfer

impedance matrix" alled "short circuit

driving point iz". They are

17 Y |
also called, dg c# 4, [ Z-Bus | and

L

[ Y-Bus ].

~SULINENINING.,..
w’]aﬂﬁmmwmﬁq I

o0 01
I = Y Y =—————— Y v
1 ie 11 In 1
I Y Y —————— Y Vv
n ne nl nn n
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This equation shows clearly the way to calculate
[ Y-Bus ]. Each element is a "short circuit admittance."

For example, the k th column is defined by:

I

o

I

1

(B.4),

1

n

with all termi
‘?ﬂ, ,

For a g#;:n : get Vv =1.0, for

aF k
example, and short‘a 1 other ta inals. Then the k th co-

o ot o) 'mymtw BART e

N+1 nodes a specified eq. . This grelatively

mmaaman»aaﬂmwnnmaﬂm by

lnspecti n.

In general we may state the rules for finding the
elements of [ Y-Bus ] as follows:

Y = 1 V=0, edk (B.5).
ik i e

v
k
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This technique 1is more direct than the augmented node

incidence.

B.2. Element Stamps (2,3)

For an equivalent fpgircuit of a transmission

line, which is connecis EJ g/" and n, let:

Y is longitudinal “eetante 3
-

Y is charging 24 YTE R and n.
¢

From KECL, we can wy

(B.6)..

o i

The y-matrix in eq€ &B.6) is cdlled staqfliﬁ; a transmis-

wor 1. AUE AW
YRANIATA HNAD AL G e 1 ne

turn raflio is 1:a , 1 is reference. Let

Y is transformer admittance.
t

From KCL , we can write:



lo2

a (B.7).

1 v
j o
oo~ =] ]
where * is conjug
The y-matrix in e "_# Sp for a transfor-
e—d.p I‘ll l"-.

mer. ,.fﬂ’

il i
A shunt elemenf-:;_?_: is connected at bus f.

A

ZTRIIA T

Case 1: an adm @i e ,
\Z —

From KCL, we can(;'lte;

ﬂus'malmwmm
O ““ﬁﬁ?'i Sl henay

Case 2: 9a received power element at bus f, P+ j Q is a
complex power of the element: example of this kind of
elements are shunt reactor and capactor, which their
rating are said to MVAr. By definition, we can write;

P+ jQ = 8§ = vV 1 \

f r t
then
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such that,

(B.9).

If V is in per un
f :

Occasion® are mutually

coupled,especia ietwork. Consider

the two mutually #uf _@f 5 8Y | nes shown in Fig.
B.2. |

! ]
FI‘Ll ’ﬂVIEle‘iWEI’]fL‘i
ﬂﬁ%ﬁﬁﬁﬁﬁj‘lﬁ%ﬂﬁ-ﬂ;

} l reference | '

Fig. B.2 Two Mutually Coupled Lines.
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The voltage drop equation is:

- - — ———— l_ ——
vy =¥ z Z I
r s rs m r
(B.10).
Vv I
P P
Inverting and solvgf’ na gy, we have
2= —
I = W
r s
(B.11),
I =N
P q
L —
where the admitiﬁ‘ce are uniquely defd¥hed by the matrix
ﬁﬂﬂﬁ’ﬁ”ﬂmwmm
- ¥ } + (Y H =¥ ?
r
QW,’I ﬁ\iﬂjmwﬂﬂmﬁﬂ .12).
I
p
or in general for a coupled line, I = ( self admittance
rs

term ) + ( mutual admittance term ), we have the self
admittance term is exactly the same as eq. (B.6) for the
uncoupled line. The -mutual term specifies that Y be
added in the r th row to the column having the same zola-

rity as r, namely p, and subtracted from the column
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having opposite polarity, namely q.

Eq. (B.12) may be expanded to the full admittance

form by adding two more equations which are negative of

eq. (B.12). The result

I v

r r
I v

s s

= (B.13).

I v

p p
I v

q q

The admittance X ,5lled stamp for a

coupled line.

¥

To calculgtg | ¥ Bus the element stamp method

o verer U ARUTTNEA AT 10 vem

to | Y-Bus |. Since the ¢latest lement W8y added, the
v-o8 Wi AND I AURVIBAR Bhe s o
alement but negative stamp to [ Y-Bus ]. The calculation

of maximum non-zero elements in | Y-Bus ] is:

NZ = B + ¢ L+T) (B.14).
where B 1is total bus in system.
L is total transmission line in system,.

T is total transformer in system.
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Appendix C

Solution of Linear Equation by

The Martix Factorization Method

In linear equ ’ an write in matrix form
as below
[ A B ] (c.1),
where [ A ] n.
[ X1
[ B ]

If [ A1 |1is them [ A ] s

transformed to Wwo matrices [ L ] and

[ U }:

gular M&trix and,

where | 4 a lowe]

its diagunﬂuﬁﬁﬂﬁwgwgq“ﬁiix with 1.0 on
The *’Q'Wfa Mﬂﬁm“umﬂm ﬂ'ﬂ’fl alﬂlated by

Crnut‘ factorization;

j-1
L = A - I L U . e 4
i ] ik Kkj

k=1

. 1=1,2, ..., n;

(C.2).
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iy 1] ik kj

The general eduction of B is;
B' B'
i k
(C.8).
L ] n L]
Bt

‘a ik k

ﬂumwﬂmwmm

A ] is symmétric, poghtive defigqdte, 1t has

. i ;‘ﬂ.ﬂﬂ&ﬂﬂ WUABAINETH

[ Al - [L] [L I.

where [ L ] is a lower triangular matrix with positive

diagonal entires.

The elements of the r th row of [ L ] can be

completed directly form:
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i-1
T L L + L L = A
rj 1] ri 11 ri
=1
, 1 =1, 2, , r=1
{C+4}.
r-1 2 2
r L + A
rj rr
=1 :

So that, this decdlitGas holesky's factori-—

zation of [ A ], s and about N / 6

multiplications. see that;

r 2
r L

rj
=1

which implies thaf are bounded by

max( A ).
ii

AULINENINYINg
ARIANTAUNING A Y
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Appendix D

Sparse Matrix and Optimal Ordering

A matrix having only_ a small percentage of non-

zero elements is said & (59). The [ Y-Bus ] is

a sparse matrix, non-zero elements of

[ Y-Bus |. The tumerorf, Swmeisond [ YOFF |, are

needed; [ YD ] ients of [ Y-Bus ]

, and [ YOFF %,-nal elements of

[ Y-Bus ]. They . vectors; [ IROW ]

and | 1coL 1. Ty off A W Wntifies where each

row starts in the . he vector | ICOL ]

identifies the each element in

[ YOFF ].

A neawndl Bhe natrix would

result before r'¥ orization matrix. Th&® reorder process

Z::ili,ﬂﬂﬁlﬁﬂﬂﬂfﬁ S )4 I
LNk LR

However normally, for a symmetriec matrix, as [ B' ] and
[ B" ] matrices, the row process is enough, and its

result Is used automatically for column.
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Reordering a matrix

Example

s

T T RN \.ﬁ"

- [
I ﬂ -
i - s
I - T...._ _.u...:mm,m_ )
e w'n AR R, e
: r
) r
- 0w ...n __ ._ﬂ/—p ®
o=

o 3

AUEEINENTNYINT
ARANTUURTANYIA Y

N-e e a : n w
: i) _ | A= |
o =2 0) D
= a il
& c
o E “
1 =
B =
o o
F [T
— o
= (=9
@ @
- -2
w w
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Appendix E

Non-Unique Load-Flow Solution

Multiple Loadxb : ‘PP Qgions are possible for
realistic systems_ i ial conditions (16).

To prove in mathem.. Fig. E.1:

ﬂumw,ﬂmwaﬁm
M mﬂi‘ﬁa‘umd Y de

Let; V = € ; Cos¢ = c i SIN¢ = ¢ ;
1 1 2 3
z Z z
Y=0+¢ ; € = Y = ¢ : then
4 3
. . 2
F = C V COSy = cv (E.1),

1 2 2 2
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C V SINY + cVv (E.2).
12 4 2

Q
From eq. (E.1),

CoSs v

= P + cv

SINY v ) (E.3).

From eq. (E.2),

Multiplier both s ¢ sides, we get:

HUEDIIEIWEWEI’Jﬂ’i
Qﬁ'lﬁ\‘lﬂﬁﬂmﬂ']'mﬂ'lﬁﬂ

- P -2PC - c v
2 2 2 3
2 2 2
c c c
1 1 1

Then,
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b 2 4 ! 2
|l ¢ + € ]V + [2QC+2PC-1]V+
4 2 2 4 2 : 2
2 2
c cCC C
1 1. 2 1
2 2
[ P+
2
C
1
2
V is in a stands
2
2 .
v c (E.4).
2

So, V is not uufag
2

IfT R is nod l;’ system then we find:

(E.5),

-
!
I

£
Y]

and

a VVCeos y- v

O AuBInANINENAT
" ARTRN UM INGAY

Y ) (E.6).

SIN 6
VvV
1 2
then, we find
- / s
COS B = 1 - ( X )

2
(vv)
12
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Subsititute COS ® in eq. (E.6) and let,

D = 1 + X
X
We find,
2 .‘ 2
Q + VD ‘ ( PX) (E.7).
2 P ‘
2
(vv)
¥ 2
Square eq. (E.7):
2 4 2
DV + [ 2 + Q@ =0
2
Then V can be Y oy "'J'_"'_L..ff_‘d-i ¢ values,
2 2L |
If, from ‘eg h—-LE
‘ ik ‘
Ys Tz
subsitiute V AW :
2
L 2 )
RO + )
1
h “%mwmmmu 2 \
=3
1 - BS8INg ; {E.8).
2 SIN g
SIN 6
Square eq. (E.8), and we can find;
2 2 4 2 2
(P + Q)SING + (2QE - P )SIN® + E = 0



Example A Power System has V=10,X=0p9.] « R = 0.0
_-———

Case 1 P = 9.0 » @ =0.1 , Y =-5.0 , then

V = 1.6747 [ -32.52 or 1.07489 / -56.86

I

-9.0 , then

Case 2 P 6.0 ,Q=10.0

V = 9.98193 \ # 60109 / -86 55

Case 3 P =5.0 , hen

V = 0.707 120" 077/ b\ s one solution.

The two $ed-Flow are:

1. A transyffs 5\~lgh load appro-

aching its steady-q i

2. A generatfr eceives reactive power

approaching its 1lim

:’~ha limit every
' iteration, and R} 3 iterations.

¥

Audangninens
ARIANTRAM TN Y
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Appendix F

Program Application Guide

F.1. Input of The Prograﬁ

While runnin he name of input data

file is requested L e b O W

Then, the user tyy ile. The program

will ask the na printed,
OUTPUT TO
The user types a naméf“ ‘f . . The program will

read the data ~'ii-. : [F .

F.2. Input-FilgZ8 A

oo ofulInEMingINT
Y G NG RTIbed R

line o g32* e lf:

NC is total number of shunt impedances in system.

NT is total number of transformers in system.

NA is total number of areas in system.

LNIT is maximum iteration; if LNIT is less than 1, it

will be set to 10,
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IN is a control data, its value 1is 0 for automatic

tearing.

The second line of input-file is:

ERROR , PBASE , REF

ERROR is toleran am s - it is egual or less
than 0.0 | 0001
PBASE is base i B -:“j}' it will be setto
| 1.0, N -
REF is refe
The first smission line data
The program will woill jisz——= pop of NL loops

NSB , NEB , 21

NSB is sendW&y

. ”ﬂ;‘t{ﬁ?ﬂﬂﬂfwmm. i
. ammﬂwumwmaﬂ

will read the value of:
NTB , VSPEC , PD , QD , PG , QG , VBASE , QCX

NTB is type of bus,

1 means load bus,
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2 means PV-bus,

3 means swing bus.

VSFEC is setting of voltage In per unit; if its value

is 0.0, it will be set to 1.0,

PD is MW loading.

QD is MVAr loa

PG is MW gen

QG is MVAT

VBASE is base Fy/lE Wu e 0.0 , it will be
set to 1

QCX is shunt LEVEr S a Ef-a:itur.
The q  .: bd)is % Mnsformer data. The

program will work 1 of NT loops

N1A , NTA .,

N1A is bus

NTA is bus atgturn ratio

21 mwmwﬂmm gI11N9 :

is raal part of tfirn ratige,

wmﬁmmummﬂm 4

The forth set of data is shunt impedance data.

The program will work in a reading loop of NC loops.

NCB

NCB

ZC

, 20

is bus with shunt element.

is impedance of the shunt element: positive for
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reactor.

If IN is not equal @ , the user must set area of buses at

the lates£ line of input-file.

/etwurk Ward and Hale

sed to test in many

Example 1 A well-knog

(66), is shown in

programs, the d 2 "

=2

0.300
0.133

b e = WD © O

B WO == =B =2,

Fig. F.1 A 6-Node Network Shows An Optimum Tearing.



0.445 J U]
0.000 J 0
-0.445 J o
1.112 J =5,
-0.5564 J 2
-0.568 J 2
LN B BN 3 P-_D

MODIFIED JACOB

-0.1066
0.0000
-0.6461

5.7057
—-2.3249

A
W

-1.1712
-1.4450
-1.3545

ZBUS

" 0.2263
0.1252

107 0.000 J 0.000 -0.445 J
.000 0.577 J -1.226 -0.577 J 1.308
.646 -0.577 J 1.308 1.021 J

Y1 BLOCK FOR AREA 1
0.646
-1.955

Y1 BLOCK.

706 —0 38 558 J  2.582
.3256 @ - Iyt - = 434 J 1.827
.582 Wyt J -4.376

PRO /

]
Gr? §&E

h i‘_'h"{ ]

W

3249

‘lJEI’JVIEIW’a'W BN
AAIUNRIINIANY

=1.4450 -1.3545
1.0698 0.2385

0.2385 0.2236
AREA 2
0.1252

0.3073

120



TIE LINE IN P-PROBLEM 1 IS LINE
TIE LINE IN P-PROBLEM 2 IS LINE
Z2 FOR AREA 1

=1.4450 =1.17
1.0698 -1 .
0.2385 =12

Z2 FOR AREA

- =0.12562
-0.3073

1.6699 Y I
-1.3198 824855

MODIFY JACO-rgﬂ HﬁTRICES

ﬂ‘NEI’JVIEIWa'W BN
ﬂﬁ"lﬁ\‘lﬂﬁmuﬁ’]'mﬂ'lﬁﬂ

AREA

0.0000
0.0000 1.2265

AREA 2

65.7087 -2.3249
-2.3249 4.2013

Z1 FOR AREA 1

121



122

-9.3770 0.0000
0.0000 0.8153

Z1 FOR AREA 2

0.2263
0.12562

@.1252

TIE LINE IN Qe $ L I NE 6
TIE LINE IN . ;

Z2 FOR AREA

0.0000
0.8153

Z2 FOR AREA

-0.1252
-0.3073

1.4155

: ‘ﬁuﬂ?ﬂﬂw%’wmm -
ﬂmmmmﬂw'ﬂmaﬂ

BUS 1 VOLT 1.05000 ANGLE 0.00000
-BUS 2 VOLT 1.10000 ANGLE 0.00000
BUS 3 VOLT 1.00000 ANGLE 0.00000
BUS 4 VOLT 1.00000 ANGLE 0.00000
BUS 5 VOLT 1.00000 ANGLE 0.00000
BUS 6 VOLT 1.00000 ANGLE 0.00000
CURRENT IN TIE LINE NO. 1. 5- 6 0.000000 J 0.000000

CURRENT IN TIE LINE NO. 2 3- 4 0.000000 J 0.000000



BUS
BUS
BUS
.BUS
BUS

L= - R

b M- B - By - s )

**** ERROR MAXIMU

STEP 1
AREA
BUS
BUS
BUS
AREA

BUS
BUS

TIE LI
TIE LI

9

AREA
AREA
AREA

AREA
AREA
AREA

WITHOUT TIE CURRENT
WITHOUT TIE CURRENT
WITHOUT TIE CURRENT
WITHOUT TIE CURRENT
WITHOUT TIE CURRENT

ETO

\v:‘
NE NO77
NE NoLl

AUL INENTNINS
A #A San 38 AN L TR

STEP4 ET1
1 IT1 -0.
1 ITI -0.
1 IT1 0
1 ET1 0
1 ET1 0
1 ET1 0

0.112354
-0.044486
-0.057654
-0.027913
-0.021697

573492
034805

000000

.721956
.791483
.768501

0.505514

PCAL
PCAL
PCAL
PCAL
PCAL

™ .698779
J.518488

805
492

123

-0
-0
-0
-0

.112354
044486
057654
.027913
021697



CURRENT IN TIE LINE NO.
CURRENT IN TIE LINE NO.

BUS
BUS
BUS
BUS

= B

AREA 2 IT1 0.573492
AREA 2 IT1 ©.034805
AREA 2 ET1 0.1341356
AREA 2 ET1 0.082513

BUS
BUS
BUS.
BUS
BUS
BUS

D oon b L B =

Lo00
=
=
-3
=]
o
=
=]

ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE

-0.033879 J
5592556 J

‘FfﬁEI’JVIEIWZIWEI'lﬂ’i

ETO 5.2474565
B 2 ETO 0.080210
AREA 2
BUS 1 ET® 0.209877
BUS 2 ETO 0.159349

STEF2 EC1

ammmmumfmmaa

QCAL -0.
QCAL -0
QCAL
QCAL 0.

0.827014

124

0.000000
-0.062789
-0.257048
-0.187715
-0.236200
-0.226009

@.007572
0.126460

-

689611
.081623
.B27014
131520



CURRENT IN TIE LINE NO.
CURRENT IN TIE LINE NO.

BUS
BUS
BUS
BUS
® BUS

L= B0 4

TIE LINE NO 1 EC1
TIE LINE NO 2 EC1
STEP 8 1IC

TIE LINE NO.
TIE LINE NO.

AREA
AREA

AREA
AREA

AREA
AREA

AREA

AREA

BUS

BUS VOLT

B
€2

|
i

P WITHOUT TIE CURRENT ©0.554054
P WITHOUT TIE CURRENT -0.176541
P WITHOUT TIE CURRENT -0.316224
P WITHOUT TIE CURRENT -0.445377
P WITHOUT TIE CURRENT -0.512766

0.079139
-5.037578

0.006546

5 Ay TSN

721

CUREN I PTE TP

0.567976

125 !

.00000
.06279
.25705
.18771
.23620
.22601

-0.032448 J 0.000911
-0.654807 J -0.423659

PCAL
PCAL
PCAL
PCAL
PCAL

.554054
. 694070
. 3456267
.0721561
.483723



**** ERROR MAXIMUM **** 0.144070
STEP 1 ETO
AREA 1
BUS
BUS
BUS
AREA
BUS
BUS
TIE LINE NO -0.154859
TIE LINE NO -0.156296
Y|
TIE LINE NO. - 1l 0.025234
TIE LINE NO . 2 CURRENT 0.149263

FIUEI’JVI&IM’&W 8NN3
"qmmnwumammaﬂ

000000
AREA 1 " ET1 -0.211278
AREA 1 ET1 -0.188695
AREA 1 ET1 -0.196160
AREA 2 IT1 -0.149263
AREA 2 IT1 -0.025234
AREA 2 ET1 -0.036937
AREA 2 ET1 -0.026447

126



CURRENT IN TIE LINE NO.
CURRENT IN TIE LINE NO.

BUS

BUS

BUS
BUS

=T - ]

Q-V ITERATIVE

BUS
BUS
BUS
BUS
BUS
BUS

o oon ks G B e

LO000
he
=3
=
=]
=
w3

WITHOUT TIYy

STEP 1 ETO

AREA -

\v:‘
. BUS l'u‘
BUS

VOLT
VOLT
VOLT
VOLT
VOLT
VOLT

ETO
ET@

1.050000
1.100000
0.984666

10.917208

279285
—ﬁ 000224

ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE

-0.009944
-0.504488 J

QCAL
QCAL
QCAL
QCAL

-0.

-0
-0
-0

0.029328

AREA ﬂuzﬁl’JVIEIWZIWEI’]ﬂ‘i
B;QW']ﬂﬂﬂﬁiuﬁJﬁamﬂmﬁﬂ

TIE LINE NO
TIE LINE NO

STEP2 EC1

EC1
EC1

STEP 3 IC

-0.004311
-0.286010

127

0.000000
-0.063992
-0.222100
-0.170812
-0.217697
-0.214895

-0.004517
-0.468333

159328
.180251
.b25499
.053128



CURRENT IN TIE LI
CURRENT IN TIE LI

BUS
BUS
BUS
BUS
BUS

L=

TIE LINE NO.
TIE LINE

AREA
AREA

AREA
AREA

AREA
AREA

AREA
AREA

BUS
BUS
BUS
BUS
BUS
BUS

NO .

CURRENT
CURRENT

STEP4 ETI1

0.031593
.005841

6247

muamamwm

q W}ﬂu\ﬂ NIRIAMANYAY

9P WITHOUT TIE CURRENT -0.149798
P WITHOUT TIE CURRENT -0.291447
P WITHOUT TIE CURRENT -0.389139
P WITHOUT TIE CURRENT -0.511483

“*** ERROR MAXIMUM ***°

STEP 1

AREA

EToO

0.009677

PCAL
PCAL
PCAL
PCAL

-0.005841
©.031593
ANGLE 0
ANGLE -0
ANGLE -0
ANGLE -0.
ANGLE - -0
ANGLE -0

128

.00000
.06399
.22210
17081
.21770
.21490

.008745 J 0.001199
.516913 J -0.498062

0.490323
-0.544942
-0.2995386

0.006005
~-0.503395



BUS
BUS
BUS

AREA

BUS
BUS

TIE LINE NO
TIE LINE NOs

TIE LINE NO.
TIE LINE NO.

AREA
AREA
AREA

AREA
AREA
AREA

gjﬂ’] ENﬂ

AREA
AREA

BUS
BUS
BUS
BUS

ETO
ETO
ETO

©.005272

-0.0088566
-0.008687

.008529
104274

f ‘Ll;El ARYNINHANT

B O B

VOLT
VOLT
VOLT
VOLT

ET1 ¢

IT1

ET1
ET1

Q-V ITERATIVE

(=

0. G 2759

-0.004063

-0.000210
-0.001083

.050000
.l100000
.001624
.930346

wummma 4

ANGLE
ANGLE
ANGLE
ANGLE

0.004063
-0.001321

129

¢.0000C 0
-0.058uhd
-0.2230:8
-0.171601
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BUS 5 VOLT 0.919439 ANGLE -0.215098

BUS 6 VOLT 0.919232 ANGLE -0.213485
CURRENT IN TIE LINE NO. 1 . 5- 6 . -0.005097 J 0.000388
CURRENT IN TIE LINE NO. 2 . 8= 4 -0.518596 J -0.497362
BUS 3 Q WITHOUT TIE oM® > QCAL -0.127919
BUS 5 Q WITHOUT TIEu : . . oaet QCAL -0.178390
BUS 4 Q WITHOUT TIE ety ~ - QCAL ©0.001712
BUS 6 Q@ WITHOUT TIE 4 = W h QCAL -0.052386

0.002386
"STEP 1 ETO

AREA

BUS .

BUS V01428

AREA ———————————————)

, f I"' d
BUS 1'u‘ ETO
BUS ET@ ejﬁmmﬁﬁ?

ﬂumwﬂmmﬂ’lﬂ‘i
,Tammﬂmﬂtﬁﬂmﬂ%ﬂ

STEP 3 IC
TIE LINE NO. 1 CURRENT -0.001216
TIE LINE NO. - 2 CURRENT =0.002185
-8TEP4 ETI1

AREA 1. IT1 -0.002185



CURRENT IN TIE LINE NO.
CURRENT IN TIE LINE NO.

BUS
BUS
BUS
BUS
BUS

=T S

AREA 1 IT1

AREA 1 ET1
AREA 1 ET1

AREA 1T1

AREA

2
2

AREA
AREA

BUS
BUS
BUS
BUS
BUS
BUS

\Z

¥

WITHOU

- e - - - B

WITHOUT|{F IE CO®
IE CURRENT -0.154379 .
WITHOUT I, CURRENT -@J295589 PCAL

wiflcld B FHEN1-d I 132

-0.001216

0.020487
-0.000992

0.002185
001216

ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE

i ‘i‘d
B0ussolll  PecaL
PCAL

IRIRAIANN TN Y

STEP 1 ETO
AREA 1
BUS 1 ETO
BUS 2 ETO
BUS 3 ETOD

AREA ) 2

-0.000667
-0.000028
0.000174

-0.004837 J
0.517805 J -0.495294

-0

-0
-0

131

.00000
.05806
.223056
17160
.215610
.21349

©.001576

0.500889
-0.550041
-0.300241
-0.000189
-0.499792



BUS i
BUS 9

TIE LINE NO
TIE LINE NO

TIE LINE NO!

TIE LINE NO

AREA
AREA
AREA

AREA |
AREA
AREA

w AREA
AREA

ETO
ET0

=0.000018
0.000044

STEP2 EC1

EC1 0

DO0813
RO273

0.000256

.000072
000650

-0.000256
-0.000379

Y

se AUEMENENIANT
A ﬂ'ﬁﬁﬁ‘fﬂmﬁq"iWﬂ'}ﬁ d

BUS
BUS
BUS
BUS
BUS
BUS

L=< 0 SN L

CURRENT IN TIE LINE NO.
a CURRENT IN TIE LINE NO.

VOLT
VOLT
VOLT
VOLT
VOLT
VOLT

L=

50 5 e o

.050000
.l100000
.000621
. 929608
.919003
.919152

ANGLE Q.
ANGLE -0
ANGLE -0.
ANGLE -0,
ANGLE -0
ANGLE -0

-0.005067 J 0
-0.518224 J -0

132

oo0000

.058690

223194
171701

.215343
-213655

-001627
.495157



BUS
BUS
BUS
BUS

ook D

Q WITHOUT TIE CURRENT -0.728101 QCAL -0.

Q WITHOUT TIE CURRENT -0.179747 QCAL -0.180212

Q@ WITHOUT TIE CURRENT @.535923 QCAL 0.000079

Q WITHOUT TIE CURRENT -0.050314 QCAL -0.049840
0.000212

STEP 1 ETO

AREA

BUS

BUS

AREA

BUS Pendesi o o041

BUS = =87000064

TIE LINE NodJ 1 : 000252

TIE LINE NO o -@ 001345

ﬂﬂEl’JVI&I,IJ?ﬂEI’]ﬂ‘ﬁ
"m'% RINTUURAZNY 1R

STEFP4 ET1
AREA 1 IT1 0.000151
AREA 1 IT1 0.000165
AREA 1 ET1 -0.001418

AREA 1 ET1 ~ 0.000134

133 |

130148
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AREA 2 IT1 -0.0001561
AREA 2 IT1 -0.000165
AREA 2 ET1 -0.000055
AREA 2

ET1 -0.000070

-0.005102 J ©0.001465
-0.518263 J -0.495304

CURRENT IN TIE LINE NO.
CURRENT IN TIE LINE NO.

BUS 1 Q WITHOUT TI ; QCAL 0.435306
BUS 2 Q WITHOUT T.jd > / AR ' QCAL 0.185711
BUS 1 P WITHOUT TIE 4 A\ Nt PCAL ©0.952294

ﬂ‘NEI’JVIEIWa'W BN
qmmmmummmaa



L DUT 'FUT LI B

. BUS : VOLT . ANGLE : o S SDEMAND . SHUNT
: NO. : ' : : ' e Y L\ NN : S '
:  PUs. &+ KY : (DEGREE) : ~-~ - NN - oo i :
" . . . | ", T L thR . WAR -

1 : 1.0500: 105.00: 0.0000: 0.00 : 1.87

2 : 1.1000: 110.00: —-3.3627: 0.00 : 0.00

3% 1.0007: 100.07:-12.7881: 6.50 : 0.00

4 : 0.9296: 92.96: -9.8377: 0.00 : 1.27

5 : 0.9191: 91.91:-12.3382: 9.00 : 0.00

6 : 0.9192: 91.92:-12.2415: 2.50 : 1.48

i T — s & = i e i A e s 1

ﬂ‘UEl’JVIElWiW BN
QW"IMﬂ‘iﬂJ&IWl?ﬂmﬁﬂ

gel



e i T ———

e e bl b T T pp—— P ———— e
- . . »

LA B LIHE FLD L

—— e ——

) ‘ AN LOSS :

{BUS :BUS :-—====-- fmmmmmmmm R T N e - :
:P :Q : MW : MVAR | ' | - MVAR

1: 6: 22.155: 10.118: #2488 B R .324: 5.575:

1:  4: 25.459: 13.5164-4F 54802087  G49) 206 65.577:

4: 6: 4.456: 0.225: W Q) g A\ .045: 0.188:

2:  6: 16.413:  9.285: 1 755288 53N .868:  B8.762:

2: 3: 8.584: 0.001: JE \ .881: 1.279:

¥ e *

AULINENINEINg
ARIANTAUNNIINGIAY

9€1
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** SYSTEM TOTAL *""*""

MW MVAR

GENERATION 31.05
LOAD 18.00
LINE CHASS " g 0.00
STATI 4.62
LOSS 17 .67

MISMATCH#

v
J

-

AULINENINEINg
MIANTAUNNIINGIAY
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Example 2 The 14-node network cptimal tearing as shown in

Fig. 6.2. The data as below:
14 14 0 4 3 20 ©

0.001 100.0 0.0

1 7 0.067 0.20 0.042

1 9 0.067 0.20 0.042

2 11 0.350 0. 0.

3 5 0.067 0. 0.

3 10 0.067 0. 0.

3 10 0.067 0. 0.

4 12 0.350 0. o

5 14 0.067 0. ’

5 14 0.067 0. 0

6 12 0.350 0. .

7 13 0.067 0.

8 11 0.350 0.

9 10 0-034 0.

13 14 0.034 0.

2 1.02 100.0

11.00 0.0

1 1.00 100.0

21.00 0.0

2 1.02 100.0

1 1.00 0.0

3 1.04 100.0

1 1.00 0.0

1 1.00 50.0

1 1.00 50.0

1 1.00 25.0

1 1.00 25.0 .- : @
1 1.00 50.0 : 0.0 0.0 100. m 2m u‘
1 1.00 50.0 25.0 ¢ 2.0 0.0 10§,
12 0.12 0.

34 0012 0. ﬂgl’JVIEIW‘MEI’m‘i
56 0.12 0.

7 8 0.12 0.973 0.0

qmmnmum'mmaﬂ



17.2613
0.0000
-8.9910
0.0000
-8.41756

9.9042
0.0000
-1.40562
-8.4175

.5335
.0000
.0000
.4345

o s o @

FIUEI’JVIEIWJ"W Il

P-D PROBLEM ****

MODIFIED JACOBIAN MATRICES

~8.4175
0.0000
0.0000
-1.4052
9.9042

'ﬂW’]ﬁi\‘lﬂiﬂmﬁﬂﬂmaﬂ

-2.0772
-2.2033
-2.1464
-2.2576
-2 .0857

.2033
.1016
.1588
.3947
.2124

AREA

.1464
.1588
.1031
.3329
.1562

AREA

.2576
.3947
.3329
.5436
L1377

-2.0857
-2.2124
-2.15652
-2.1377
=1.9749
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0.2796 0.0216 0.1565 0.1841
0.0216 0.1072 0.0669 0.0142
0.1565 0.0669 0.4861 0.1031
0.1841 0.0142  0.1031 0.1994
0.5846 : g 3 52 "0 .4729
0.2436 . s [ 2465
0.3595 O 2D G 37
0

.4729 nj 4 Sl 784

.2576
.3947
.3329
.5436
1377

ot ::.mmun

~ @'mldz m 0000 0000
£.1031 29000 o dtue

A Ut SN

Z2 FOR AKEA

ﬂmmnimum'mmaﬂ

0000 -0.4729 0.5846
ﬁ mm@m -0.2465 0.2436
0.0000 -0.3637 0.3595
0.0000 -0.4784 0.4729

Z4 MATRIX

-1.6797 2.2083 -2.3947
2.2033 -1.3763 1.7847
-2.3947 1.7847 -0.2473
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trer Q-V **** PROBLEM

MODIFY JACOBIAN MATRICES

21.7668 7 D 0.0000

0.0000 "/ B 0 . 0000
~-8.9910 Y 1T E 5, a0 . 0000

0.000¢ A B RN ™ 29382

9.9042
0.0000
-1.4052

8.5335 [|| 0.0%
0.0000 =13.2278
0.0000 ¥8.9638

AUEagNINg N

ARANDI WNATNYAAY

0.0000 0.0000 0.0000 0.7703

¥

-8.9638

Z1 FOR AREA - 2

0.1097 0.0085 0.0614
0.0085 0.1062 0.0596
0.0614 0.0596 0.4328



ITE.
ITE.
ITE.
ITE.
ITE.
ITE.
ITE.
ITE.
ITE.
ITE.
ITE.
ITE.
ITE.

0.1172
0.0000
0.0000

Z1 FOR AREA

0.0000
0.1144
0.0573

Z2

FDR A RIL"

0.0000
0.0573
0.0845

Z4 HATRIX

FI'NEI’WJ&IW?WEI’]T’I’B’
QW']&\‘lﬂ‘iﬁuﬂJW]’JVIEJ”IﬁFJ

DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL

mmqmmhmmu

-
= =

WYY YO Y Y Y Y Y

BEGGQEGEEEEEH

.030120
.208933
.134342
Q77973
049114
.029628
.018397
011233
006933
.004252
.002618
.001608
.bo0989

11
11
11
11
11
11
11
11
11
11
11

DEL Q
DEL Q
DEL Q
DEL Q
DEL Q
DEL Q
DEL Q
DEL Q
DEL.Q
DEL Q
DEL Q
DEL Q
DEL Q

GEEEEBEEEEEEE

.BbE7165

. 167347
.104824
062375
.038823
.023614
014594
008938
.005507
.003381
002080
001278
000786
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BUS

11
11
11
11
11
11
11
11
11
11
11
11



BUS VOLT ANGLE
NO. : '

PU. KV : (DE
1 1.0200: 102.00: 6
2 1.0076: 100.75: &
3 l1.0128: 101.28: 9
4 1.0000: 100.00: 8
5 1.0200: 102.00: 8
6 0.9995: 99.95: 7
7 1.0400: 104.00: O
8 0.9996: 99 .96: -0
9 0.9748: 97 .48: 4
: 10 0.9735; 97.35: b
11 0.9303: 93.03: o
12 0.9274: 92.74: 6
13 0.9875; 98.?5 0
14 ©.9823; g98.2 3

i |- -
# . ®

GREE) : -4 -4 - e P
; N MVAR MVAR
5767 :4 50.00 0.00
.2074: 0.00 0.00
7964 50.00 0.00
.8165: 0.00 0.00
.5151: 50.00 0.00
7188 0.00 0.00
0000 : 50.00 0.00
411 0.00 0.00
057 25.00 19.01
.699 25.00 0.00
. 3289 20,00 8.66 :
L1838 0.00 : : : 20.00 8.60 :
,1486: : 50.00 : 25.00 : 19.51 :
#usﬁmw%@wmn oui

’QW'm\‘m‘iﬂJlIﬁTmmﬁ&l

75




- LIN

:LINE;FRDH: 0D 2 FLOW FRO 7/ 7 1 _-' : LOSS :
tNOi. :BUS 1BUS (=r=mroetim——— : i B et :
: - - HIC A < MW : ‘ } A | : MW : MVAR

i B 1: 7: b52.598: 2.163 6.4566:
2: 9: 26,731; 0.597 1.782:
3: 2: 11:, 20.704: 1.493 1.791
4: a8 B5: 9.331: 0.086: 0.2565:
b 3: 10: 38.044: 0.992 2.960:
6: 3: 10: 38.044: 0.992; 2.960:
T 4: 12: 14.606: 0.847 1.017:
8: 6: 14: 48.647: 1.541 4.600
9: 6: 14: 48.647: 1.641: 4.600
19: 8: 12: 211.8%77: 0.688 0.826:
11: T: 18: 7.018: 0.415 1.240:
12 B: @ 11: 6.430: 0.580: 0.696:
13: 9: 10: -23.867: i . T8 v .0 0.238: 0.700:
14: 13: 14: -43.398: = .208: 44.212: -19. 0.814: 2.395;

b o e F o # e s b e _-_....__r___ e e e B ________..... i i i s s s
N N . H H i

FI'LIH’JVIEIVI?W H’]ﬂﬁ
ammmmummmaﬂ
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** SYSTEM TOTAL ****

MW MVAR

GENERATION ' 662 .98 277.01

340.00

LOAD } ji;’y

LINE CHAF - L.,H__ 40.65

STATIC #¥F 4 55.77
LOSS 33 .44

MISMATCH,

ﬂ‘LIEI’JVIEWI‘iW BN
qmmmmumwmaﬂ



Example 3 The EGAT network data is as below:

208

302 0 69 5 0100 ©

0.00100 100.00 O

14
14
16
16
186
17
17
17
18
18
18
18
19
19
19
ig
20
20
21
21

22
22

22

22
22
22
23
23
23
23
24
25
26
27
27
30
30
a1

31.

32
32
33
33
33
34
36
36
38
38

182 0.001258 0.03344 0.00418
182 0.001220 0.03567 0.00439

17 0.70 0.00503 0.01109
21 0.00184 0.01445 0.02660
22 0.00194 0. )
18 0.00104 ©.

18 0.00104 0.

22 0.00177 0.

19 0.00205 0.

19 0.00205 ©.

23 0.00134 0.¢

23 0.00134 0.

20 ©0.00159 0

20 0.00159 0 4

179 0.00440 0.

179 0.00440 O

21 0.00232 0¥

21 0.00232 0.045

159 0.01 0.074#%" 5.5 9%
202 0.00178 0. F*
23 0.00200 0.0%( '
23 0.00200 0.021 40 &

158 0.00756 0.05444

158 0.00756 0.054447%

159 0.009490 .0 3
202 0.00] 0N g
179 ﬂ.ﬁ@ZlP;&

179 0.00211 G40

179 0.00211 '“U°2 g
179 0.00211 G @2214 0. m9¢93
25 0.0089443 09ua2929 0.009BA

22 ool AR MTN El'm’i

28 0.0088ko1 0.068797 0.00900

AREASRAD m'mmaa

33 #.003901 0.011225 0.01508
146 0.008867 ©0.025551 0.03439

33 0.001189 0.03421 0.00460
38 0.019263 0.054495 0.07706
34 0.0015785 0. 033573 0.04104
36 0.0028501 0.035902 0.03841
60 0.004766 0.013382 0.01875
35 0.006628 0.014053 0.01714
37 ©0.005494 0.016165.0.02061
38 0.0018895 0.023751 '0.02538
39 0.710 0.01991 0.00280

39 0.710 ©.01991 0.00280
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40 0.0022191 0.027912 0.02984
49 0.008724 0.025827 0.03261

50 0.0014093 0.017702 0.01891

52 0.0011283 0.031750 0.04461

60 0.0013815 0.038929 0.05479

61 0.002983 0.08373 0.01173

42 0.007535 0.021139 0.02974

42 0.007535 0.021139 0.D2974

41 0.0027759 0.034794.\

42 0.0010822 0.0304

43 9.007010 0.01508

44 0.008965 0.0

45 0.0024658 0w

43 0.003814 it

45 0.005086

48 0.916399-'

46 0.016392

47 0.0040769

49 0.005150

51 ﬁ.ﬂﬂdngﬂd

52 0.001106 u.v

56 0.012591 Oy

57 0.011610 @.1

58 0.007343 0.4

53 0.0909337 a.az‘ Q Nk

55 0.0021607 0.0f6 V)G

58 0.007898 0. a2219~

61 0.008321 0.0 -*¢9$

54 0.001108M

55 0.0052] [P
58 0.006664% AW
59 0.007404 ({0208 m
59 0.007404 a*wzmama 0.02918

59 0.0018921 04023784 0.025

133 0.0

SYE T N
64 0.00 050

54 0.001 52 0.049874 §.07050

EB
74
74
69
69
68
69
70
70
71
72
71

@

EEEEEEEEEEE

zoslleif ﬂmmmﬂmaa

D021605 0.037616 0.03943

0028970 0.043230 0.04582 .
0028970 0.043230 0.04582

.007363 0.020696 0.02901
.007363 0.020696 0.02901
.016706 0.035834 0.04310
.008537 0.014551 0.01580
.007686 0.021799 0.03001
.007686 0.021799 0.03001

.0015591 0.027970 0©.03139-
.0018486 ©0.031872 0.03400
.002321 0.05275 0.00685

1
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72
73
73
74
77
78
78
78
79
79
79
82
82
82
82
87
87
88
88
89
89
90
90
91
91
93
94
95
97
98
99
99
101
101
102
102
104
104
105
106
106
107
108
110
110
111
111
112
112
114
114
115
115

148

73 0.016073 0.027696 0.02953
74 0.009391 0.016163 0.01721
77 0.0012065 0.020573 0.02235
75 ©.0010131 0.017271 0.01876
78 0.0015526 0.026493 0.02880
79 ©0.001136 ©.02421 0.05292
79 0.001136 0.02421 0.05292
81 0.007434 0.021874 0, wz?aa
80 0.002090 0.05863 Q.

82 0.0016805 0.035538

86 0.004543 0.012J05

83 0.008729 0.0)50™

84 0.003996 0.

85 0.005733 0

85 0.005733 0.0

88 0.00512 0

88 0.00512° 0.

89 0.00762 @

89 0.00762 0.

90 ©.00271 O

90 0.00971 0°

91 0.00892 0.

91 0.00892 0.

92 '0.00808 0.

92 0.00808 0.

94 0.0027505 0.08% 6]

95 0.006469 0.013773

96 0.003218 0.0965F=2"

98 0.0035339WC

lm@ E'mlﬁl ;;-J :‘;H:LZH:.L:.L;;.
100 0.00651 84 A

141 0.003105700 .

102
124
103
104
105
111

E

1080

109
111
111
112
114
113
114
115
115
116
118

0. @ﬂ4?4‘“’ .013858 0.0 :2 s
ﬁ @@5&92 ﬂ13453 0.02

P SRR Talich

i%‘ﬁii%%ﬁ%wmaa

.009448 0.027881 0.03547.
.005393 0.01586]1 0.02024
.006130 0.017592 0.02381
.006130 0.017592 0.02381
.D006323 0.017737 0.02494

.0011912 ©.033485 0.04721
.0010912 0.032152 0.04112
.005616 0.015749 0.02214
.00507 0.01422 0.00200
00507 0.01422 0.00200
.011383 0.033467 0.04302
.01847 ©0.05184 0.00726

EEE\EEEEEEEE



115
115
116
118
119
119
119
119
124
127
127
127
128
129
129
129
129
129
129
130
130
131
131
132
132
132
132
136
137
137
139
142
142
142
143
144
144
144
144
144
146
150
152
162
152
152
153
155

159

159
161
161
162

119
125
117
119
120
121
122
122
125
128
129
129
129
130

130

132
132
159
159
158
158
132
132
133
133
134
134
136
138
139
140
144
144
150
144
145
146
145

4 R InenaY

15

153
163
155
157
154
156
160
160
162
164
163

Q
@
0.
4]
o

E

0.
0.
0.
0.
0.
0.
0.
D
o
(1]
]
]
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
Q.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
o
0.
o
(1]
0

=10 ==~ =

.009301 ©.026128
003698 0.Q010841
008119 0.023905
007454 0.020945
.DB5221 ©.015355
001624 0

002648 ©

bo2648 0O

007990 0.023459
00545 0.04174

0021563 0.4
0021563 0.
001617

01255 o @°

001467
00146
01832
01832
01231
01231
001608 0 |
001608 0.01

00261 0.032£000/v3

0024y
002 dFSa—sac
0018 -y@
00333740

00333 la 095¢
00884

.

.03664
.01402
.03051
.02938
.01959

(=R == ]

.04554 0.00639
.07433 0.01041
07433 0. ﬂ1ﬂ41

Ih:"

i |

311931 0. ﬂllTB

LT

586 0. ﬂlﬁﬂ!ﬂ 0.01387

007004 0.09718 0.00904

.007495 0.010557
.008260 0.024313
.00593 0.07522 0.
00827 0.05970 0.
00827 0.05970 0.
.007283 0.021871
.001789 ©0.05365 0.0662

.011563 0.034079 0.04360

.004320 ©0.012121 ©0.01701
004320 ©0.012121 0.01701
.03854 0.010813 ©.01517

0.01078

0.03105

07486
03129
03129
0.02701

149



164 165 0.002581 0.07743 0.0955
165 166 0.002175 0.06524 0.0805
166 167 0.003368 0.09878 0.0826
166 168 0.478 0.01433 0.0177

168 169 0.002205 ©.06615 0.0816
169 170 0.002134 0.06402 0.0790
170 171 ©0.001118 0.03354 0.0414

170 172
172 173
173 174
173 175
173 175
174 175 |
175 178
176 177
176 178
179 180
179 180
180 181
180 181
182 183 .00114%
182 1868 .001342,

0.002683 0.08055 0.0992
b}
L
@
Q
0
@
Q
0
i}
Q
@
Q
L5}
(i}
183 184 0.00112¢
@
0
0
@
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

.00315 0.01382_ohkPj
,001869. 0.06Q '*;!* ;
005747 0 ONCRSSNUIS

005747 0 NGas
004806 iy
005687 & Cerms s
00624 3™

.00333%
.00524 0
005244
.00518 0487
00518

184 185 0.002439
185 19: 0.003880 ¢

188 187 003040 0 |

187 188 0.001188 0.

187 188 0.001403 0.

187 194 0.003647 4
002RTI_B_samit o

188 189
188 150
1890 191
191 192
192 193
194 195
194 195

ﬁ?”iiﬁ%}ﬁﬁ%iumnﬁ

196 197 211 ©.09632 01188

7 R s A Y

0033, ‘y
@@123.
00462 -n’ 013565 0.0

202 203 0.00416 0.03002 0.06593
202 203 0.00416 0.03002 ©.06593
202 205 0.001077 0.07790 0.07155
202 205 0.001077 0.07790 0.07155
202 205 0.001085 0.07847 0.07282
202 205 0.001085 0.07847 0.07282
203 204 0.001936 0.014072 0.01225
203 204 0.001936 0.014072 0.01225
205 206 0.00827 0.06016 0.03024
205 206 0.00827 0.06016 0.03024

62 207 0.01142 0.08262 0.08202
62 207 0.01142 0.08262 0.08202

150



88 204 0.001667 ©0.012364 0.11535
88 204 0.001667 0.012364 ©.11535

135 136 0.00264 0.03291 1.04408

130 159 0.002894 0.021255 0.07813

130 159 ©0.002894 0.021255 0.07813

130 160 0.01378 0.09975 0.02013

130 160 ©0.01378 0.09575 0.02013

136 208 0.00178 0.02325 1:60843

35 44 0.007342 0.04332 0.02438

41 45 0.0024658 0.030882 0000
-44 45 0.009086 0.02553300NAEF

41 44 0.008965 0.025M

32 34 0.01211 m.m34u_ﬂﬁ_

32 34 0.01211 0.0 r—

62 179 0.002894 0.

62 179 0.002894 0.

23 179 0.00211 ¢

23 179 0.00211 O.

202 203 0.00416. 470

202 203 0.00415 Q4

203 204 0.00193640 .

203 204 0.00193% O

136 208 0.00178 q

127 160 0.003234%0

127 160 0.003334 0 FIEL

92 134 0.00159 0.0 ad N 20

92 134 0.00159 0. ml 75 T

134 179 0.00267 0. mz?ﬁ =

134 179-0.00267 m.@Z*aﬁgrghﬂj

202 206 0.00142%0

202 206 0.00 148

203 206 0.0028% 4

203 206 0.00282 m (

137 140 0.00183430 0.02467 6

152 156 u.mlzll mﬂm34mss 0.045

155 157 ©.

163 16658, MJ mpﬁ wmm'

48 50 0.00

135 208 0.01857 0.08475 0489572

135 2

52 AT ANy
1 1.03 6

1 1.00 149.88400 72.59200 0.00 0.00 69.00 0.00
1 1.03 136.77100 66.24100 0.00 0.00 69.00 30.00
1 1.00 120.87100 58.54100 0.00 0.00 69.00 34.80
1 1.00 305.00699 147.72200 0.00 0.00 69.00 30.00
1 1.03 136.88300 66.29500 0.00 0.00 69.00 20.00
1 1.00 241.75 117.08500 0.00 0.00 69.00 20.00

1 1.00 149.88400 72.59200 0.00 0.00 69.00 30.00
1 1.00 136.77100 66.24100 0.00 0.00 69.00 20.00
1 1.00 152.50400 73.86100 0.00 0.00 69.00 20.00
1 1.00 136.88300 66.29500 0.00 0.00 69.00 30.00
1 1.00 115.73600 56.05300 0.00 0.00 115.00 ©.00

151



PR - I - I = I T % S e X, R e N e o B o e e el a at B el e B e T R - T S S SR e L R 0
e o = B e e e e e I e e e e el e o e e e e e e o e e e e e e e el =
ror ow e .

152

.00 124.75500 60.42100 0.00 0.00 115.00 30.00
.04 0.00 0.00 ©.00 V.00 115.00 0.00

.00- 169.09700 81.89700 0.00 0.00 115.00 30. 00
.04 0.00 0.00 225.00 0.00 230.00 0.00

.04 0.00 0.00 ©0.00 ©.00 230.00 120.00

.04 939.,16299 164.26401 0.00 0.00 230.00 120.00
.04 0.00 0.00 0.00 0.00 230.00 0.00

.04 65.00 40.30 1200.00 0.00 230.00 0.00

.03 0.00 0.00 0.00 O GORAN 00 0.00

.02 0.00 0.00 0.00 - ) 60.00

.04 0.00 0.00 ©0.QNIS

.05 0.00 0.00 0. 20

00 11.92 7 .39 s
.03500 1.81 1 1=
.05 ©.00 0.00 U .L4
.03 5.73 3.5
.00 10.55 6.54
.00 17.70 10
.00 20.56 12.
.08 43.09 264
.05 41.44 25°
.03 25.21 16.
.02 26.15
.00 24.89
.00 17.23 :
.05 39.02 24.18 W o
.05 10.43 6.47 0.00 S
.00 23.00
.04 23.32
.04 19.39
.00 22.01 188
.02500 25 45 3‘.7 o u,an
.00 40.

05 3 sa 2 3? .00 0.00 115.00 0.00

.00 1 '
it
.00 145 "
.ms a 50 .31 14.00 0.90 115.00_0.00

SRR REAY

.64 4.11 0.00 0.00 115.00 0.00
.ﬂE 16.22 10.05 0.00 ©0.00 115.00 32.60
.00 22.86 14.17 0.00 ©0.00 115.00 12.60
.00 18.22 11.29 0.00 0.00 115.00 6.30
.00 25.65 15.90 0.00 0.00 115.00 0.00
.05 1.00 0.62 58.00 '0.00 115.00 0.0Q¢°
.00 4.75 2.94 0.00 0.00 115.00 -3.00
.05500 32.71 20.20 200.00 0.00 115.00 0.00
.05 0.00 0.00 100.00 0.00 230.00 0.00
.04 23.02 14.27 0.00-0.00 115.00 0.00
.04 3.50 1.10 30.00 ©0.00 115.00 0.00
.00 33.35 20.67 0.00 0.00 115.00 0.00




. H
B2 = DY b b i [0 bt b e e i

. .
I-IHH)--I—-HHI—-Ir—ln—-l--b—-l—-Hl—-HHl-ll-iHHl-lHl—qu—dHi—l—il—l—-Hb—Hl—len—lH

HI—II—IMI—-I—!MHHI—IHb—lb—lMl—lHHHt—ll—ll—lb—iHHI—*HHIQHIGMIQEQ[\]HHHHH_

.@5
.00
.00
B2
.00
.00
L85

.04

.04
.04

.00
.00
.03
.00
.00
.23

.05
.05
@5

]
=

a
=

@@
.00
.00
.01
.04
.00
.00
.00
.00
.01
.00
.04

L05500 10.

153

1.37 0.85 0.00 0.00 115.00 0.00
13.03 8.08 0.00 .0.00 115.00 0-.00
5.24 3.24 0.00 0.00 115.00 0.00
4.81 2.98 0.00 0.00 115.00 0.00
29.16 18.07_0.00 0.00 115.00 0.00
12.50 7.74 0.00 0.00 115.00 0.00
11.14 6.91 80.00 0.00 115.00 ©.00

.02500 24.74 15.33 0.00 0.00 115.00 13.10
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: 270
271:

187:
188:
188:
190:
191:

192:

194:

194:
1956:
196:
197:
157:
199;
202:
- 202
202:
202

202:
202 :
203:
203:
205
206

62:

62

88:
- 88:

135
130:
130:
130:
130:
138:

356:

41:

194:
189:

" 190:
191:

192:
193:
195:
196
196:
197:
198:
199:
200:
203:
203:
205:
205:
205:
205:
204:;
204:
206:
206:
207 :
207:
204:
204:
136:
159:
169 :
160:
160:
208:
44
456

=31
20
-24

-36.

-58
-20
-67
-67

-0
-18
-13
=31
-47
-42
-42
-73
-73
-73

=T,
-59.

=69
42
42

15.

15.
141.
141,

82.

43.

43.
1.
1.

45.

-53

-15.

062 18.
.T18: 28.
.822: -0.
191: -6,
.288: -20.
.947: 13,
.27 — R
827 -8.
.841: 14.
.318; B,
.2564 24,
.120: =29,
.8B23: =-32.
600 : 11.
.500: 1 5 P
.636: -16.
.Bbas: -15.
L001: -—-14.9
001: .—14.¢
B38: -4,
.838; -4,
221

221

020 :

020:

688 :

688 :

G87:
380
661 :
8339

W

0.046:
0.026:
0.019:
0.016:
d.160:

n 0.018:

.014:
0.014:

Y  \“.m12:

S5 S5889

o, 011:

. .945',:

.092:
.197:
.079:
079
006
055

055 :

1055

; WA 0G5 :
6607 8 ™ . 065
664 -42 .073" .098: 4b.148:
,Eﬁﬁ —-42 m?a gaga 0, 143
;ﬁ?s -141 -83.282: 0. 4mn

éEEmﬁﬁﬁﬁﬁmﬁ’i ‘.ﬂﬂ?@ﬂ

230: 6.497: .222; -8.562; 0.008:
230: .497: —1 222: -8 .562: 0.008:
747: -193 088: -45.536: 10.763: 0.210:
.106: 54.276: 53.503: -54,536: 0.398:
124 : 11.517: 15.1384: =-14.,971:" ©0.009:

m:ueaé:se;mnon:utoh-_eas:m:au:;E:aiSE;eqaEFE:QEQEnatazaa
- bl b el ol
o
(]

141
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! 273:
: 274:
: 275:
276
i 277:
278:
279
: 280:
"281:
1 282:
283:
284:
2856
286
: 287:
: 288
i 289;
290:
: 291
292
293:
294:
295:
296:
297:
298;
299;
300 :
: 301 :
: 302

44:
i1:
32:
32
62
62:
23:
23:
202:
202 :
203;
203:
136:
127;
127:
92:
92:
134:
134.
202

202

203:
203:
137:
162:
155

"162:

48;
136:
135:
1356

45: 3.518;: -35.
44: -16,244: 651.

34: =-2,848: T

34: -2.848: s

179: 30.999: -30.

17¢: B80.999: =-30.

179: =57.110: -25,

179: -57.110: =25,
203: -42.500: 11.

203: -42.500: 11.

204: -59,838: -4,

204: -59.838: -4,

208: 45.747: -193.

160: 134.016: 97

160: 134.016: 97

134: 79.263: -68

134: 79.263: -68.

179: 147.599: =-15.

179: 147.699: -15.

206:-150.203: =6T7.
2@6:-1§ﬂ 203: =86T7. e
206: -39.233: -40. ' 39.510: a6, EJI
206: -39.233: -40.377:6 429.810: .@p.691:

140: 1.5m9 :
ﬂw?mﬂmmm
167: =-8.200: g 8.207: -0, Hl?

155: 14.816: 2 nﬂ? -14,78%: -1lo0,

50: 28.6
2 A RARIAIUURIN AR Y
208: 42.9209 -72.873: -42.614: ~-28.600:
208: 42, aza -72.873; -42.614;: =-23.6006:

@ ﬂ??:
0.077:

G G@T

0,006:
0.306:

e-»—-mmmm-—+—-nmmaaqaeeeaae¢9

248
Bl
1.911:
1.911:

B ——— o —— — L] = ——— . [ s o .
——— e ——— Y —— —
n - i - i

27T1:
734 :
D22
022
.189:
.189:
782
.TH2:
.B69;
569
«471:
471
749
286
.286:.
135
1856
491
4091
209
.269;
R ) B
202
002
0.696:
0.0u1:
0.137:
(1]
|

241



**** SYSTEM TOTAL ***°
MW MVAR

GENERATION 6166.63 1015.86

LDAb_ 3433.31

LINE CHARG Lo ' 2612.66
_STATIC
LOSS 695.68

MISMATCH & od

_Augineningns

500.51
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Appendix G

The Computer Program

A computer progidudpaf Diakoptics Iin FDLF is
written in Fortran-77% | er PDP-11/24, VAX-11/
760 and micro-comp eh;::i. 0) '-"w;#; sram has a top-down
structure design r i_{"ﬁi‘the subroutines in

the module can be

———— .

Mution of

5 Method

CUT — 2
| d

FACTOR nmH £ [ Al

FDLF Solve Luad-Flﬂw

FUL INHNTNHART - e

INPRE }nput Data
ﬂWﬁﬁ\‘lﬂiﬂMﬁ’}@Wﬂﬂﬁﬂ

SLisT ) Print The Input Data

ouT Print The Out Put Data

PC Calculate Pi

PCD Solve P- Iteration

PRE1 ~ Build Tables

PRE2 ~ Form ['Y—nus ]
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PRE3 ' Form [ B' )
PRE4 Form [ B" |
QC Calculate Qi
QCcv Solve Q-V lteration
SOLV Forward and Backward

X1
X2
ZZ24

5 !
R R R R R " : ".' A x s s s a e EnEn

. PROGRAM LIST

l#l"ll'l‘"llll!"‘l'llt._" LE R B I B A

TR
CALL INPU ey
CALL L1STicA -
CALL PRE1L7 X ]
CALL PRE2 "= -
CALL PRE3 [\ !
CALL PRE4

e @ U ANINTNYINT

stor 9

ARIANTUNAIINYIA Y

SUBROUTINE COMB(N)

COMMON NA ,NB ,NL

COMMON/G1/ TJ(60,60) ,DV(60)

COMPLEX ZSE -

COMMON/LINE/ NSB(500) ,NEB(500)
COMMON/TRA/ N1A(200) ,NTA(200)

COMPLEX VG,CTI

COMMON/Z24/ VM(400) ,AG(400) ,VG(400) ,CTI(60) ,E0(50,10),
1PCAL(400) ,Y1(50,50,10) ,NBC(400) ,NAC(400)
DO 15 I=1,N

J=NBC(1)
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CALL X2(J,L.K)
CALL X1(K,M,N1)
-DV(I)=E0(M,N1)
CALL X1(L,M,N1)
DV(I1)=DV(I)-E@(M,N1)
15 CONTINUE

c WRITE(* ,579)

C579 FORHAT{I 25X, STEFE EGI )
c DO 781 I=1,N

C WRITE(® ., ?321 4

c782 FORHAT{EX,'TI
C781 CONTINUE
CALL SOLV(N)

,6X,'EC1" ,6X,F10.6)

c WRITE(" ,

c478 FORMAT(/ ,2
c DO 568 I

c WRITE(® ,577

C577 FORMAT(5 'CURRENT' ,5X.,F10.6)

c568 CONTINUE

DO 20 I=1,
PCAL(1)=DV
20 CONTINUE
C WRITE(" .6

C683 FORMAT( / ,25X%
DO 25 I=1,NA
J=NAC(1) i
IF(J.NE.®) THEN
DO 30 L=1,J
DV(L)=0.0

30 CONTINUE §o—————— =
DO a5 J=1\4
L=NBC(J) -
CALL X2(L KM
CALL X1(K,N1

. ERMARvenang

o BT UMANGIAD

c 729 L=1,J
C wanE{* 725} I.DV(L)
C726 FﬂﬂuATfﬁx.'AREA'.5x.13.5x.*1T1',sx.Flm.s}
c729 CONTINUE
G WRITE(" ,3988)
DO 40 L=1,J
DO 40 M=1,J
TJ(L,M)=Y1(L ,M,I)
40 CONT INUE
CALL SOLV(J)
S DO 7729 L=1,J
c WRITE(® ,7726) I,DV(L)



C7726
Cc7729

45

256

25

30

35

40

FORMAT(5X,'AREA' ,5X,13,5X%,'ET1' ,6X,F10.6)
CONTINUE
DO 45 L=1,J
Eo(L,I)=E0(L,I1)+DV(L)
CONTINUE
ENDIF
CONTINUE
RETURN
END

SUBROUTINE CU
COMMON NA ,NB ™
COMMON /LINE /™%
COMMON /BUS &
COMMON /TRA /
COMMON/Z24
J=NB/NA+1
DO 5 I=1,N7
L=I*J
M=L-J+1
IF(L.GT.NB)
DO & K=M,L
NAB(K)=1
CONTINUE
KE=NB*NB
K1=KK

DO 10 L=0,LNIT

NhB[H}—Kw
NTT(K)=0
DO 25 J=1
M=NSB(J)
J2=NEB(J)

éE;E'%’:M’El'Tﬂ’EIW’?WEI”I‘ﬂﬁ

DO 30 qF

: H“NIA{J}

R4 AIRINNINNAY

Dﬂ 35 J 1,.NA
NXX(J)=0

CONTINUE

DO 40 J=1,NB
M=NAB(J)

NXX (M) =NXX(M)+1
CONTINUE
NAA(K)=NTT(K)*NTT(K)
DO 45 M=1,NA

: HﬁA[K}wNﬁH(K]+NXX{H} HXX(H}

NAA(K)=NAA(K)+2*NXX(M) *NXX(M)

177
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45 CONTINUE

20 CONTINUE
LL=1
KK=NAA(1)
DO 50 J=2,NA
IF(KK.GT. NhA{J}J THEN
LL=J
KK=NAA(J)
ENDIF

50 CONTINUE

' NAB(N)=LL

15 CONTINUE

c .- DO 888 Ll1=1

C WRITE(",")

c8s8s CONTINUE °
IF(KK .EQ .K
K1=KK

10 CONTINUE
RETURN
END

' ,NAB(L1)

SUBROUTINE TA
couuoﬂiﬂlf T

Do E I= 2 L F s
TIC1,1)=TJ(1, I}fw
5 GDNTINUE

X=0.0
K1=J-1 M
IF(J.GT.1)d
DO 15 K2=1,K}

s Eﬁfﬁé‘xjﬁ fgnInensg

IF(J.GT.1) TJ(I,J)=T (I J]!TJ I1,1)

" ﬁfﬂﬂﬁﬂ\‘lﬂimﬂﬁ’]?ﬂmﬁﬂ

SUBROUTINE FDLF

COMMON NA ,NB,NL ,NC,NT,LNIT,ERROR

COMMON/AR1/ NBB(400) ,NK(50,10) ,NLOAD(10)

COMMON/BUS3/ NAB(4@@1

COMMON/BUS1/ NTB(400) ,VSPEC(400) ,PD(400) Qnt4mm} PG(400)
1,QG(400)

COMMON/G1/ TJ(60,60) ,DV(60) ,A(60,60)

COMPLEX ZSE

COMMON/LINE/ NSB(E@E} NEB{Emm] ,JYSH(500) , ZSE{EBEI

COMPLEX TAP



Oao

778

10

15

- B88

1,

20
9999

179

COMMON/TRA/ N1A(200) ,NTA(200) ,ZT(200) ,TAP(200)
COMMON/TIE/ NTL,NTT(60)

COMMON/P/ NTP ,NPT(60),Y1P(50,50,10) ,NBP(10) ,Z4P(60,60)

COMPLEX VG
COMMON/Z24/ VM(400) ,AG(400) ,VG(400)
COMMON/PQX/ EPO(50,10) ,EQO(50,10) ,DPX,DQX
DPX=9999.99
DQX=9999.99
WRITE(8,778)
FORMAT('1"',//). %
DO 10 I=1,NB ~

AG(I)=0.0 —
PD(I)=PG(1)=
QD(I)=QG(1

CONTINUE
D1=100.0
D2=100.0
K=0

K=K+NLOAD( I
CONTINUE ;
IF(K.EQ.0) DEf=fo sias:
DO 20 I=0,LNITj :
IF(D1.GT.ERROR)
IF(D2.GT.ERROR) g7
TYPE 888,
WRITE(B ,ageos = o+ = s g > ;
FDRH&T{E*!{ WA F10.6,2X,13,2X
'DEL Q',2) :
[F{nl.LT.Eaf.R AND'.
CALL OUT
RETURN

535%$,@UEI’JVIEWI‘§W BN

WRITE(B49999)

SRS Ny -

SUBROUTINE ICT
COMMON NA,NB,NL

COMPLEX ZSE

COMMON/LINE/ NSB(500) ,NEB(500) ,YSH(500) ,ZSE(500)
COMPLEX TAP

. COMMON/TRA/ N1A(200) ,NTA(200) ,ZT(200),TAP(200)
COMMON/TIE/ NTL.NTT(60)

COMPLEX VG,CTI

couunn;zz4{ VM(400) ,AG(400) ,VG(400) ,CTI(60)

DO 10 I=1,NTL

AN




8888
9999

7777

15

1,QG(400)
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J=NTT(1)
CALL X2(J,L.,M)
IF(J.GT.NL) THEN
J=J=-NL
EEI{I}={¥G{L]—?G{M}}'CHPLK{ﬂ,ﬂ.ZT{J}IREAL{Tﬁp{J}}}
SE
CTI(I)=(VG(L)-VG(M))* ZSE(J}
ENDIF
CONTINUE
DO 533 I1=1,NTL
J=NTT(1)
CALL XE(J.L.,_
WRITE(® ,786
FORMAT ( 56X, ' Co
1,5X,Fle.6,
CONTINUE
RETURN
END

' ,5X,138,6X,1I3,'-"',13

SUBROUTINE*IN,
COMMON NA NI, AR \EBASE ,REF
COMMON /BUS 3% 18 p 4 A\
COMMON/BUS 1/ ST 4005 58 AR0W PD(400) ,QD(400) ,PG(400)
COMPLEX ZSE FF 4% , ,

COMMON/LINE/ NSB("Se=—==88800) ,YSH(500) ,ZSE(500)
COMPLEX TAP : /d

COMMON / TR/
COMMON / BUia e a e
COMMON /QCLZE
COMMON /CAP .." v
CHARACTER * il
TYPE 8888

o 5%8"5" HEM3ins

TYPE 7797

ATl Iy

EN(UNIT=9,FILE='DATA .DAT' ,STATUS='0OLD")
OPEN(UNIT=9 ,FILE=X,STATUS='OLD"')
OPEN(UNIT=8 ,FILE=Y ,STATUS='NEW' )
READ(IR,*) NB,NL,NC,NT NA,LNIT, IN
IF(LNIT.LE.®) LNIT=10
READ(IR,*) ERROR,PBASE,REF
IF{ERRDR.LE.@.@) ERROR=0.0001
IF(PBASE .EQ.0.0) PBASE=1.0
DO 156 1=1,NL
READ(IR,*) NSB(T) ,NEB(I),Z1,Z2,YSH(I)
ZSE(1)=CMPLX(Z1, 72)

CONTINUE

;ﬂi.TAP{EEﬂl
|h' d
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25

35

40

15

10

CONTINUE
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DO 20 I=1,NB
READ(IR,*) NTB(I),VSPEC(I),PD(I1),QD(I),PG(I),.QG(I),
1VBASE(1) ,QCX(1)
1IF(VBASE(I).LE.0.@) VBASE(I
IF(VSPEC(1).LE.0.0) VSPEC(I
CONTINUE

IF(PBASE .NE.1.0) THEN

DO 25 1=1,NB
PD(I)=PD(1)/PBASEJN
QD(I1)=QD(I)/PBAN
PG(I)=PG(I)/PRNS

ENDIF
Do 35 I=1,
READ(IR, '}

CONTINUE
DO 40 I=1/
READ(IR,")
CONTINUE
IF(IN.EQ.0Q)
IF(IN.NE.O)
CLOSE(9)
RETURN
END

SUBROUT INE &
COMMON/G1 .i
IF(N.EQ.1) SJHEN
h(l 1} 1.0, 3(1 o

Eiii"ﬂcuﬂ’l NENIN 21N

po 10 9

488N sniuming1sy

(1)=1.0
CALL SOLV(N)
DO 10 J=1,N
A(J,1)=DV(J)
CONTINUE
RETURN
END ~

SUBROUTINE LIST
COMMON NA ,NB ,NL ,NC,NT,LNIT ,ERROR ,PBASE
COMMON/BUS3/ NAB(400)

COMMON/BUS1/ NTB(400) ,VSPEC(400) ,PD(400) ,QD(400) ,PG(400)
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1,QG(400)

COMPLEX ZSE

COMMON/LINE/ NSB(500) ,NEB(500) ,YSH(500) ,ZSE(500)

COMPLEX TAP

COMMON/TRA/ N1A(200) ,NTA(200) ,ZT(200) ,TAP(200)

COMMON/TIE/ NTL,NTT(60)

COMMON/BUS2/ VBASE(400)

COMMON/QC1/ QCX(400)

COMMON/CAP/ NCB(40g

WRITE(8,108)
108 FORMAT('1"',// »&

WRITE(8,118) wam
118 FDRHAT(lmx *_

e e ¥

WRITE[B.IEB}
128  FORMAT( 10X
1 YSHT :°
WRITE(8,11}
Do 10 I=1,N
WRITE(8,12
138 FORMAT(10X,"'
12(F7.3." =
10 CONTINUE
WRITE(8,118),
IF(NT.NE.0)
WRITE(8,148) g
148  FORMAT('1',//,10> 3 R FORMERS LISTING ***',//)
WRITE(8,158) = ,ff?
1568 FORMAT( 10 i e e e e :
S e ————— "
WRITE(S, 1""’r
168  FORMAT(10XJ}:
1 zZT 1 5
WRITE(8,158)¢

. Eﬁaﬁfﬁ%@%ﬂm%’m?‘” o)

12{F7.3;" 2 1))

N @Wﬂﬁﬂifuﬂﬁ']?ﬂmﬁﬂ

(NC.NE.0®) THEN
WRITE(8,358)
358 IFORHAT('!'.!I.I@X.'*" CAPACITORS LISTING ***'.//)
WRITE(8,188)

=]

188  FORMAT(10X,':===—= fo—— e R
WRITE(8,198)
198 FORMAT(10X,': CAP : NBC : ZC 1)

WRITE(8,188)

DO 30 I1=1,NC

WRITE(8,208) 1 ,NCB(1),ZC(1I)
208 FORMAT(10X,' :' 20" *,18.," '), AX.P7.8." ")
30 CONTINUE
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WRITE(8,188)
ENDIF
WRITE(8,218) ERROR,PBASE
218 FORMAT(//,16X, 'ERROR' ,T40 ,F8.5,/,15X, 'BASE MVA"',
1T4¢ ,F8.4)
WRITE(8,228)
228 FORMAT('1',//,10X,'*** BUSES LISTING (LOAD AND
1 GENERATION IN PER UNIT) =***'.//)
WRITE(S8, 233) .
238 FﬂRHﬁT(!ﬂX ﬂﬂﬂﬂﬂ - % = [ m———————— tm————— :

WRITE(B.248}

248  FORMAT(10X,': TYPE
S SHUNT :')
WRITE(8,238
DO 35 I=1,NR »
WRITE(S8,25 ML NTB(I),PD(I),
1QD(1) ,PG(1) Ny

258 FORMAT(10X™ : % i £ Sou N 4

156(1X,F5.2, 1%
35 CONTINUE
WRITE(8,238)
DO 40 I=1.,N
ZSE(1)=1.0/Z8
YSH(I)=YSH(1

AR
40 CONTINUE , 7
DO 50 I=1,NT %

ZT(1)==-1.0/ZT(1). =
S0 CONTINUE Sz AJ
DO 55 I=1 G — -
" ZC(1)=-1.0% A
65 CONTINUE - =
NTL=0
DO 60 I=1,
J=NSB(1)

I;ﬁmummﬂm NBIN3

NTT{NTL *I

o0 “&Wlﬂﬁﬂimﬂ‘lﬁ’l?'ﬂmﬁﬂ

po965 I=1,NT
J=N1A(I)
K=NTA(1)
IF(NAB(J) .NE .NAB(K)) THEN
NTL=NTL+1
NTT(NTL)=I+NL
ENDIF
65 CONTINUE
WRITE(8,398)
398 FORMAT('1',//,15X,'TEARING SYSTEM')
DO 885 I=1,NB
WRITE(8, 4m8} I.NAB{IJ
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408 FORMAT(5X,'BUS"' ,5X,13,5X, 'AREA' ,5X,13)
885 CONTINUE
WRITE(8,418) NTL
418 FORMAT('1',//,156X,'TOTAL TIE LINES IN SYSTEM',5X,I3)
DO 70 1=1,NTL
J=NTT(1)
IF(J.GT.NL) K=J-NL
IF(J.GT.NL) WRITE(8,348) K
IF(J.LE.NL) WRITE(S8,®
348 FORMAT(5X,'TIE TR
388 FORMAT(5X,'TIE 1
70 CONTINUE
RETURN
END

AT NO.',K5X,13)
',6X,13)

SRBASE ,REF
COMMON /BUS* p(400) ,QD(400) ,PG(400)
1,QG(400)

COMPLEX Z :
A Y§H(500) ,ZSE(500)
COMMON/TRA/ N \mtzm@},TAPizan}
COMMON/TIE/ }
COMMON/BUS2/ Vi
COMMON/QC1/ QCR(4
COMMON /CAP / Ncsg
COMPLEX v ,CT

COMMON /Z 4 ) LAG( ) . VI ol |ICTI(60) ,E0(50,10),
1P{:AL{4M} V i} (500)
CALL I1CT :
DO 5 I-I,N-i
J=NCB(1) ™

QCX(J)=QCX(J¥+ZC (1)

5 EZTTIMQY'W?WMW

QD(I}-QG(I} QD(I)

ﬁ’w’mmmmwm of

IH(NTB(I).NE.1) T
CALL QC(I,Q)
QG(1)=QD(1)+Q
ENDIF

10 CONTINUE
CALL PC(IS,P)
PG(IS)=PD(I1S)+P

WRITE(8,38) .
38 PORMAT(:"1" . //5 16828 QUT-PUT ****"' 1)
WRITE(8,48)
48 FPORMATCION - 8 =Y v a8l =" ) Lt} 2 CI7 =" ). 480

llﬁ{l_I]II:I]
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68
78

88

88

15

17
27

37

47
57

67

25

WRITE(8,58)
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8X,"'

FORMAT(10X,': BUS :'.6X,'VOLT' ,6X,' : ANGLE

1 'GENERATION' ,3X,':' ,6X, 'DEMAND' ,6X.': SHUNT
WRITE(8,68)

FORMAT(10X."'= NO. = *.7(* "), 8g(" ot B -l ¢ 3§
WRITE(8,78)

FORMAT(10X,"':"'.B6X,"': PU. : KV : (DEGREE) : '
12C2T0 =", ' Y8( "= L 2]

WRITE(8,88)
FORMAT(10X,':"'
T GIVAR . Samip
WRITE(8,48) —
DO IE I= 1 NB

Gq=QG{I}'P

DQQ=QD( 1 ) "+¥%
WRITELS,08) 25 (iyTs ABONRPP . DQQ . QCX(1)
FORMAT ( 10X.4F: 1 8 . 297 25\ 7.2 .F8
GOHTIHUE
WRITE(8,48
WRITE(8,17) | I
FGRH&T{.IT*I 1 { “-__‘ [ % D I--vll"jr"fj
WRITE(8,27) F i , _
FORMAT(5X, ':
WRITE{E.E?}

K FLOWES
WRITE(8 45ﬂ;

WRITE(S8, 5? ’
FORMAT(6X,': g ', 3( MW

Eééﬁﬁﬁﬂ'a:wﬂmwmn's
Qmwu}mfmmaﬂ

L=NSB(
5{ }“¥G{L) CONJG(A3°*VG(L)+SUM) *PBASE
R(I)=VG(K)*"CONJG(A3"VG(K)-SUM) " PBASE
CONTINUE
CL=0.0
TQL=0.0
TPL=0.0
DO 35 I=1,NL
SUM=S(I)+R(I)
L=NSB(1I)
K=NEB(1I)
FF=YSH(I)*(VM(L)" vu{LJ+vH{KJ VM(K) )" PBASE

:',2(8X,':"'),2(3X, "MW

S i

4N,
b |

:"))



35

77
45

55

(s NeoleNeNeNel

70

19

29

CL=CL+FF
PLL(1)=REAL(SUM)
QLL(1)=AIMAG(SUM)+FF
TPL=TPL+PLL(1)
TQL=TQL+QLL(1I)
CONTINUE

DO 45 I=1,NL
D1=REAL(S(1))
D2=AIMAG(S(I))
F1=REAL(R(1))
F2=AIMAG(R(I))
WRITE(8,77) 1
FORMAT(5X, "' :
CONTINUE
WRITE(8,67)
GP=0.0
DPP=0.0
GQ=0.0
DQR=0.0
V1=0.0

DPP-DPP+PD{I]
GQ=GQ+QG(1)
V1=VI1+QCX(I) |
DQQ=DRQ+QD(1)
CONT INUE
GP=GP*PBASE
DPP=DPP" FgAai™
GQ=GQ*PBAEY
DQQ=DQQ" PEFSY"
vi=o.o M|
DO 65 I=1, c
L=NCB(1)

186

F1,F2,PLL(I),QLL(1)
"Rt ERLE TS B 8)

‘ééamﬁutl"?ﬂﬁlﬂ‘iw Tali%)

V]—?lﬂ'BhSE

“ﬁ«ﬂﬁﬁ’ﬂﬂ‘imuﬁﬁ’mﬂ’]ﬁﬂ

K=NTA(1)

A3=(VG(L)-VG(K)/TAP(I))*CMPLX(0.0,ZT(1))

CX=CX+CABS(A3)**2/ABS(ZT(1))
CONTINUE _

CX=CX*PBASE

TQL=TQL+CX

CX=0.0

F1=ABS(GP-DPP-TPL)
F2=ABS(GQ-DQQ+V1-TQL+CL)
WRITE(8,19)

FORMAT('1',//,25X,'**** SYSTEM TOTAL ****')

WRITE(8,29)
FORMAT(//,T34,"'MW' ,T45, 'MVAR"')
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WRITE(8,39) GP,GQ

FORMAT(//,10X, 'GENERATION' ,T30,2(F8.2,4X))

WRITE(8,49) DPP,DQQ

FORMAT(//,10X, 'LOAD' ,T30,2(F8.2,4X))

WRITE(8,59) CX,CL .

FORMAT{II 10X, 'LINE CH&RGING ,T30,2(F8.2,4%))

WRITE(8,69) CX,V1

FORMAT(//,10X,'STATIC CAPACITOR' ,T30,2(F8.2,4X%X))

WRITE{E.?Q} TPL ,TQL

FORMAT(//,10X, 'LOSSONUEP J2%(F8.2,4X))
k’

WRITE(8,89) F1,F;
FORMAT(//,10X
RETURN
END

2 (F8.2,4X))

SUBROUTIN
COMMON NA ,NE
COMMON /AR
COMMON/TIE/
COMPLEX Y
COMMON /YBL/
COMPLEX VG,

187 |

D(10) NCON(10) ,NBA(10)

COMMON /Z24/ VYl PP d&e) W'%00) .CTI(60) ,E0(50,10)

1,PCAL(400)
CALL X1(1I,J,K
N=NBA(K)
P=0.0
DO 10 L=1,N
M=NK(L K1Y
X=AG(I)-Aft—————————— \1;’[
P=P+VM (M )= '
CONTINUE [ .
(1)

’J'VIEW]?W g1nN9

P=PCAL(J)
DO 256
M=NTT
CALL
IF{N

RH&T{EX 'BUS',5X,13,5X,'P WITHOUT TIE CURRENT'
15X, "PCAL"' ,5X, Flﬂ.ﬁ}

P=PCAL(J)

RETURN

END

SUBROUTINE PCD(D1,I1XP)

COMMON NA ,NB,NL

COMMON/BUS3/ NAB(400)

COMMON/BUS1/ NTB(400) ,VSPEC(400) ,PD(400)

AG{Y(J.L.KJ}'SIN(x}i

I} FCAL{J)-HﬁAL{JJ+R L(VG(N)* G(CTI(L)))
igjptﬁztagrg;ﬁ?1f1§3hv1 %§Fﬂ {(CTI(L)))
,PCAL(J

.Fl0.6,
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1PCAL(400) ,Y1(50,
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COMMON/G1/ TJ(60,60) ,DV(60) ,A(60,60)

COMPLEX ZSE

COMMON/LINE/ NSB(500) ,NEB(500) ,YSH(500) ,ZSE(500)

COMPLEX TAP

COMMON/TRA/ N1A(200) ,NTA(200) ,ZT(200) ,TAP(200)

COMMON/TIE/ NTL ,NTT(60)

COMMON/P/ NTP ,NPT(60),YIP(50,50,10) ,NBP(10) ,Z4P(60,60)

COMPLEX VG,CTI "

COMMON/Z24/ VM(400) M} p0) .VG(400) ,CTI(60) ,E0(50,10),
i\ F2lA00) NAC(400)

50,10) ,DPX,DQX

L /1)

COMMON/PQX/ EP \
WRITE(*,1677 e
FORMAT(// .2

DO 632 1=1,
WRITE(* ,57%%
FORMAT(5X &
CONTINUE
CONTINUE
DO 80 I=]
IF(NTB(1)
CALL X1(1*
EPO(L ,M)=EJ,
ENDIF
CONTINUE
D1=0.0
CALL ICT
DO 15 1=1,NA
JJ=NBP(1)
IF(JJ .NE .4
DO 20 J=ig9%¢
CALL X1(JL7
IF(N.EQ.I.&;.
CALL PC(J 1
DV(K)=PCAL ] PD(J)
IF{ABﬁNK} &I .D1) THEMW

i i RITEWeNT
maéﬁ’imum'mmaﬂ

pd 25 L=1,JJ

DO 25 N=1,JJ

TJ(L,N)=Y1P(L ,N,I)

CONTINUE

CALL SOLV(JJ)

DO 30 L=1.,JJ

EO0(L,I)=DV(L)

CONTINUE

ENDIF

CONTINUE
IF(D1.GT.DPX) THEN
WRITE(8,7898) DPX,D1

,F10.5,5X,'ANGLE' ,F10.5)
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IF(NTP.NE.OQ)

TYPE 7898 ,DPX,D1

FORMAT(5X,'DPX ' ,5X,F10.6,5X,'Dl1 ' ,5X,F10.6)

DO 605 J=1,NB

IF(NTB(J) .NE.3) THEN

CALL X1(J,L,M)

AG(J)=AG(J)+EPO(L M)
VG(J)=VM(J)*CMPLX(COS(AG(J)) .SIN(AG(J)))
ENDIF
CONTINUE
GOTO 75
ENDIF
DPX=D1
WRITE(",
FORMAT ( 5X =
WRITE(*",
FDRHAT{I.'
Do 763 1=1
J=NBP(1)
WRITE(* ,88
FORMAT( / .4
DO 763 L=1,
WRITE(" ,78
FORMAT(5X,'F
CONTINUE

65X ,F10.6)

DO 35 I=1,NTP
NBC(I)=NPT(1)
CONTINUE
Do 40 I=1)

DO 40 J=IfTe=
TI(1,J)=2%
CONTINUE [}
DO 45 I=1,M

NAC(1)=NBP(Ig

s AANEANINNT

CONTIN

@H"Hfﬂﬁﬂ‘imﬂﬁﬂﬂmﬁﬂ

DO 55 I=1,NB

IF{HTB{I}.NE.E} THEN
CALL X1{(I1,L.,M)

AG(I)=AG(I)-EO(L M)

EPO(L ,M)=EO(L M)
VG(I)=VM(I)*CMPLX(COS(AG(I)),SIN(AG(I)))
ENDIF
CONTINUE
RETURN
END

' ,6X,F10.6)

189
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SUBROUTINE PRE1
COMMON NA ,NB
COMMON/AR1/ NBB(400) NK(50,10) ,NLOAD(10) ,NCON(10) ,NBA(10)
COMMON/Z24/ NK1(60)
COMMON/BUSS3/ NAB(400)
COMMON/BUS1/ NTB(400)
DO 10 I=1,NA
NLOAD(I)=0
NBA(I)=0
10 CONTINUE
DO 15 I=1,NB,
N=NAB(1I) : : ,
IF(NTB(1) .EQm “AD (I P +1
IF(NTB(1) .EQ. N N '
NBA(N)=NBA4
15 CONTINUE
DO 20 I=1
K=0
J=NLOAD(1)
DO 25 L=1.NE
IF(NAB(L) .Ey
IF(NTB(L) .EQ .
K=K+1 :
N=K
ENDIF
IF(NTB(L) .EQ.2)
J=J+1
N=J _
ENDIF -
IF(NTB(L &8
NBB(L)=N 1
NK1(N)=L &
ENDIF

25 CONTI ‘a o _
Core BT RRN TINBION T
c566  FORMAZ (6% MAREAY | pe’ B, ONH ' REF H2(2x,13))

DO 20 ¥=1,NBA(I)

» ARARYHINUMANYIAY

C ITE(* ,544) 1,NBB(I) ,NAB(I)
Cb644 FORMAT(SX, 'BUS' ,6X,18,6X, 'REFER' ,6X,13,56X, 'AREA' ,56X,12)
c877 CONTINUE
WRITE(8,8)
8 FORMAT('1',//,5X, 'SUMMARY TOTAL BUS IN EACH AREA',//)
DO 30 I=1,NA
WRITE(8,18) I ,NLOAD(I) NCON(I) ,NBA(I) ;
18 FORMAT (5X, 'AREA NUMBER',I3,' LOAD BUS ',13,' VOLTAGE
1CONTROL BUS ' ,13,' TOTAL BUS',13)
30 CONTINUE
RETURN
END
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SUBROUTINE PRE2

COMMON NA ,NB,NL,NC,NT

COMMON/AR1/ NBB(4@¢J ,NK(50,10) ,NLOAD(10) ,NCON(10) ,NBA(10)
COMMON/BUS3/ NAB{4nm}

COMPLEX ZSE

COMMON/LINE/ NSB(500), NEB(E@B} YSH(&EB} LZSE(500)

COMPLEX TAP
COMMON/TRA/ NIA{EE"
COMPLEX Y )
COMMON/YBL/ Y(5&
COMMON/QC1/ Qas

K=NBA(I)
DO 15 J=1.k%
DO 15 L=1.K
Y{(J,L,I)=
CONTINUE
CONTINUE
DO 20 I=1,
J=NSB(I)

CALL X1(J,LK
Y(L,L,K)=Y(L,
J'NEB[I} -
CALL X1(J.,L K} Sy

¥(L,L,K)=Y(L.L K} rﬁﬁifg YSH(I))

CONTINUE e BN

DO 25 I=17NL -

=NSB(I} 3 e — < ]
L=NEB{I}'5ﬂ AY |
IF(NAB(J) .Ef}. NAB 7 -
CALL X1/(J, ‘J I

Y(K,K H}ﬁY{K H}+ZSE{I}

g inens

Y(J.K =Y(K,J ,M)

ﬁ"}mﬂimﬂﬂ’l?ﬂmﬂﬂ

IA{IJ
L-NT&[I}
IF(NAB(J) .NE.NAB(L)) THEN
X=REAL(TAP(1))
CALL X1(J,K,M)
Y(K .K H}~th K ,M)+CMPLX(0.0,ZT(I)" (X—l 0))/X
CARL X1(L.E.N)
Y{K.x.u}=Y{K.K.u}+cuPLxra.n.ZT{I}'{l.m-XJJf{x-x}
ELSE
CALL X1(J,.K.M)
Y(K.K ,M)=Y(K,K,M)+CMPLX(0.0,ZT(I))
CALL X1(L,J,M)
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Y{J,J.H}=Y{J.J.H]+CMPLX[B.@.ZT(IJHCABS(TAP{I]]"E}
Y(K,J . M)=Y(K,J ,M)-CMPLX(0.0,ZT(I))/TAP(1)

Y(J,K ,M)=Y(J ,K ,M)-CMPLX(0.0,ZT(1))/CONJG(TAP(I))
ENDIF '

CONTINUE .
DO 35 I1=1,NC
J=NCB(1)

CALL X1(J,L,K)
Y(L,L.,K)=Y(L,L.K)
CONTINUE .
DO 40 I=1,NB
J=1
CALL X1(J,L.E
Y(L,L,K)=Y (™
CONTINUE

N=NBA(1)
WRITE(* ,7¢
FORMAT(/,2
DO 444 J
WRITE(® ,778
FORMAT ( 5X ,#%
CONT INUE
RETURN
END

3,/)

SUBROUTINK, PR

COMMON /AR ACJ(10) ,NCON(10) ,NBA(10)

COMMON/G1/ 1J(60,60) ,DV(60),A(60,60)
COMPLEX ZSE ¢ &

oo ST RUNTNL VG ascccoo

COMMON AFRA/ N1A(200) TA(E&E}.ZT{EE@}.TﬁEJEBE}

SRR

G Ineae

gouﬂgs§;£4¥T:.H¥T{f¢}.YIPEEB.BE.I@}.NBP(IG}.ZdP{B@.ﬁﬂl

ZT(60) ,NAT(10) ,Z1(50,50, , ,60,

o AL _ 10) ,Z2(50,60,10)
FORMAT(/,6X,'**** P-D PROBLEM ****')

DO 10 I=1,NB

IF(NTB(1) .EQ.3) IS=I

CONTINUE

DO 15 I=1,NA

NBP(1)=NBA(I)

CONTINUE

J=NAB(IS)

NBP(J)=NBP(J)-1

DO 20 I=1,NA
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" NTP=NTP+1

40

C4677

=NBP(1)

DO 25 L=1.,J
DO 25 K=1,J
Y1P(L ,K,I)=-AIMAG(Y(L,.K,1))
CONTINUE
CONTINUE
NTP=0

DO 30 I=1,NTL

J=NTT(I)
NPT (NTP)=J

IF(J.LE.NL)
IF(L.EQ.IS.
NTP=NTP-1
N=L
IF(L.EQ.IS)
CALL XI1(N,
YI1P(L,L ,K)=4fF
ENDIF
ELSE
J=J-NL
IF(L.EQ.IS.OR
NTP=NTP-1
N=L - .
IF(L.EQ.IS) N=}
CALL X1(N,L,K)
Y1P(L,L,K)=Y1E
ENDIF -

ENDIF "f_________f—___“ —3

CONTINUE 44" S
WRITE(* 444 i
FORMAT(/ , 26X , 'MODIFIED Jacon1AN FATRICRS ",

DO 566 I=1, '

w::mwmmmw BInNa

FORMARJ 15X, 'AREA
DO 566 M=1

@mawquw 9188

CDNTINU

DO 35 I=I.NA

J=NBP(I)

IF(J.NE.0) THEN

DO 40 L=1.J
DO 40 M=1,J
TJ(L ,M)=Y1P(L ,M,1)
CONTINUE

WRITE(* 45??}
FORMAT(lﬁx 'JMAT L-U")
CALL INVE(J) :
DO 45 L=1,J

DO 45 M=1,J

193



45

€479
35
C463

ooaaao

379

50

C679

55

60

€511

C562

194 |

Z1(L ,M,I)=A(L,M)
Y1P(L ,M,1)=TJ(L M)
CONTINUE
DO 479 L=1,J
WRITE(® ,788) (Y1P(L ,M,I) ,M=1,J)
CONTINUE
ENDIF
CONTINUE
WRITE(® ,463)
FORMAT(/ ,25X%, 4
DO 379 I=1,Nags
J=NBP(1)
WRITE("
DO 379 L
WRITE(* ,7
CONT1NUE
IF(NTP.EQ
DO 50 I=1%
NAT( 1 )=NBP
CONTINUE
Do §5 I=1,
WRITE(" - N 3 ‘
FORMAT (X, '# o 14 4 MROBAEM' ,3X,13,3X,'1S LINE',3X,13)
NZT{II-NPT{ Y
CONTINUE
CALL ZZ24(NTF)
DO 60 I=1,NTP .
DO 60 J=1,NTE
Z4P(1,J | 44000
CONTINUJ y
WRITE("
FORMAT ( / jx.
DO 562 11 ,NTP
WRITE(® ?3&3.{24?(1 .J) @J=1,NTP)

HET?H“HH’JVIEIVI?'W BN
mmmﬁmum'mmaﬂ

@OMMON NA ,NB ,NL

CDHHGN!ARII_NBB(d@@} NK(50,10) ,NLOAD(10) ,NCON(10) ,NBA(10)
COMMON /BUS3/ NAB{4GG}

COMMON/BUS1/ NTB(400)

COMMON/G1/ TJ(60,60) ,DV(60) ,A(60,60)

COMPLEX ZSE

COMMON /LINE/ NSB(500) ,NEB(500) ,YSH(500) ,ZSE(500)
COMPLEX TAP

COMMON/TRA/ N1A(200) ,NTA(200) ,ZT(200) ,TAP(200)
COMMON/TIE/ NTL,NTT(60)

COMPLEX Y

COMMON /YBL / Y{EG,EG.I@}

COMMON/Q/ NTQ,NQT(60),Y1Q(50,50,10) ,Z4Q(60,60)
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COMMON/Z24/ NZT(60) ,NAT(10) ,Z1(50,50,10) ,Z2(50,60,10)

K=0

DO 20 1=1,NA

J=NLOAD(1I)

K=K+J

DO 25 L=1,

DO 25 N=1,

Y1Q(L ,N,I)
25 CONTINUE
20 CONTINUE -

IF(K.EQ.0) RET

J
J
=-AIMAG(Y

c WRITE(* ,342) , et
C342  FORMAT(/,25% 2, Q) e —aean
NTQ=0 '

DO 30 I=1,
NTQ=NTQ+1
J=NTT(I)

NQT(NTQ)=J
CALL X2(J,
IF(J.LE . NI 7

IF(NTB(L).N WrQ=NTQ-1

IF(NTB(L) .NE. JTO 30
IF(NTB(L) .EQ OTO 30
NTQ=NTQ-1

N=L
IF(NTB(K) .EQ. 11
CALL X1(N,L.K) ﬂ%ﬂ;_ /4
Y1Q(L,L ,K¥Y -
ELSE -
J=J-NL &
IF(NTB(L) 1 NHQ=NTQ-1
IF(NTB(L) .I{#f.1.AND.NTE .1) &dro 3o

IF{NTB{LJ En 1 AHD NTB{K} EQ 1) GOTO 30

éii’ﬁ“ﬁl&lﬂﬁﬁlﬂ‘mﬂ’lﬂi

Y1Q(L, K}-YIQ{L L ﬁ?—ZT(J)fREAL{TAP(Ji

D,
4 | ﬂﬂ‘iﬂmﬁﬂﬂmﬂﬂ
C
C376  FORMAT(/,5X, 'MODIFY JACOBIAN MATRICES')
C DO 264 I=1,NA
C J=NLOAD(1 )
c WRITE(" ,8364) I
C364  FORMAT(5X,'AREA',5X,13)
c DO 264 L=1,J _
c WRITE(*®,321) (Y1Q(L,K,I) ,K=1,J)

cazl FORMAT(5X,10(F8.4,2X))
C264 CONTINUE
DO 35 I=1,NA
J=NLOAD(I)
DO 40 L=1,J
DO 40 M=1,J
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TJ(L ,M)=Y1Q(L ,M,I)
40 CONTINUE

CALL INVE(J)

DO 45 L=1,J

DO 45 M=1,J

Z1(L ,M,I)=A(L M)

Y1Q(L . M,1)=TJ(L M)
45 CONTINUE
35 CONTINUE A%
C DO 357 I=1.NA 2%
C J=NLOAD(1) -
c WRITE(* ,684 ™™
C684 FORMAT(/ ,5X"

c DO 358 L=1
c WRITE(® ,32
C358 CONTINUE
c WRITE(" ,64
C683 FORMAT( /.

Cc DO 3567 L=!

c WRITE(®,

C357 CONTINUE
IF(NTQ.EQ.
DO 60 I=1,NT

C WRITE(* ,67

C679 FORMAT(5X,'T] »0X,13,3X,"1S LINE' ,3X,14)
NZT(1)=NQT(I)
50 CONTINUE
DO §5 1=

NAT ( I ) =NESaaas

DO 60 I=1,
Do 60 J=1,
Z24Q(1, J}—TJ{ &)

2 el NENINYINT

C578  FORMAQY(/, ax 24 L—U‘
C DO 577 I=1

- Gor1 W‘Mﬁﬂ‘?m URIMNYAY

SUBROUTINE QC(I,Q)

COMMON NA ,NB ,NL

COMMON/AR1/ NBB(400) ,NK(50,10) ,NLOAD(10@) ,NCON(10) ,NBA(10)
COMMON /BUS3/ NAB(400)

COMPLEX ZSE

COMMON/LINE/ NSB{EEE} NEB(500) ,YSH(500) ,ZSE(500)

COMPLEX TAP

COMMON/TRA/ N1A(200) ,NTA(200) ,ZT(200) TAP{EEEI
COMMON/TIE/ NTL ,NTT(60)
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COMPLEX Y
COMMON/YBL/ Y(50,50,10)

COMPLEX VG,CTI

CDHHDN!224I VM(400) ,AG(400) FG(&@@) .CTI(60) ,E0(50,10) ,
1QCAL(400)

CALL X1(I1.,J.,K)
N=NBA(K)

Q=0.0

DO 10 L=1,N
M=NK(L .K)

X=AG(1)-AG (M) NS/ A
Q=Q-VM(M) * (AILSEEEY , L K22t X ) ~REAL (Y (J L ,K) ) *SIN(X) )
10 CONTINUE T

QCAL(J)=Q*VM
Q=QCAL(J)
DO 16 L=1,
M=NTT(L)
CALL X2(M

IF(N.EQ.I) © 2WVG(N)*CONJG(CTI(L)))
IF(K.EQ.1) WG (K) *CONJG(CTI(L)))
156 CONTINUE '
c WRITE(® ,674

€678  FORMAT(5X,"B, LEAG NONT TIE CURRENT',5X,F10.6,
c 15X, 'QCAL"' ,F . ,

Q=QCAL(J)

RETURN

END —

S b T

SUBROUT I NI ;-‘

COMMON NAS -

COMMON /AR 1 /JNBE *NLJAD (10) ,NCON(10) ,NBA(10)

COMMON /BUS % I NAB(400 '

CGHHDN!BUSIH B(400) ,VSPEC(400) ,PD(400) qn{4¢m]

COMMO

U o

COMMO ) \ZSE(500)

COMPLEX TAP

Mﬁ%ﬂ“ﬂﬁmﬁ

co PLEx VG,CTI
conunﬂfzz4f VM(400) ,AG(400) ,VG(400) ,CTI(60) ,E0(50,10),
1QCAL(400) ,Y1(50,50,10) ,NBC(400) ,NAC(400)

C COMMON /PQX/ EP@{EE 10) ,EQ0(50,10) ,DOX,DQX
Cc WRITE(® ,1577)

C1577 FDRHATIII.I&X.'Q-? ITERATIVE' ,//)

C DO 532 I=1,NB

c WRITE(* ,578) I,VM(1),AG(I)

C578 FDRH&T{EX.'BUS'.IE,EK,'VDLT'.EX,FI#.G.EX.'ANGLE‘.EK.FIB.E}
C532 CONTINUE

C75 CONTINUE

Cc DO 95 I=1,NB



OaOooa

20

25

30

15

c
Ce77
C
C673
G

C
cesg73
c

c
C789
C763
C

Cc

c
C7898

aaaa

198

IF(NTB(1) .EQ.1) THEN
CALL X1(I,L,M)

EQO(L ,M)=EQO(L ,M)/2.0
ENDIF

CONTINUE P
D2=0.0
CALL ICT
DO 15 1=1,NA
JJ=NLOAD(1)
IF(JJ.NE.0®) THEMNJ
DO 20 J=1,NB =3
CALL X1(J.,K
IF(N.EQ.I .AND™
CALL QC(J,Qum
DV(K)=QCAL(K
IF(ABS(DV (19"
D2=ABS(DV(E,
1XQ=J .
ENDIF
DV (K )=DV (K
ENDIF
CONTINUE
DO 25 L=1,JJ
DO 25 N=1,JJ}
TJ(L,N)=Y1Q(L 4
CONTINUE
CALL SOLV(JJ)
DO 30 L=1_JJ
EO(L,1)=T\ 48
CONTINUE ] 07
ENDIF
CONTINUE  1
WRITE(", ) D2
FﬂRHhTilsx ¥'a° " ERROR MAKIMUM ****' 5X,F10.6)

z:;:wq'mumwmﬂ‘s

Do 7
'NLDAD(I]

mamﬁmmmwmaﬂ

763 L=1,J
WRITE(' ?391 L.EO(L,I)
FORMAT (65X, 'BUS' ,5X,18,6X, 'ET0' ,5X,F10.6)
CONTINUE
IF(D2.GT.DQX) THEN
WRITE(8,7898) DQX,D2
TYPE 7898,DQX,D2 _
FORMAT(5X,'DQX ',5X,F10.6,5X,'D2 ' ,6X,F10.6)
DO 85 J=1,NB
IF(NTB(J).EQ.1) THEN
CALL X1(J,L,M)
VG(J)=VG(J) /VM(J)
VM(J)=VM(J)+EQO(L .M)
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" NBC(1)=NQT(I)

VG(J)I=VG(JI)*VM(J)
ENDIF

CONTINUE

GOTO 75

ENDIF

DRX=D2
IF(NTQ.NE.0) THEN
DO 356 1I=1,NTQ

CONTINUE
DO 40 I=1,NTQ
DO 40 J=1,NTQ

CONTINUE
DO 45 I=1,NW"™®
NAC (1 )=NLOAL
DO 60 J=1,NL
DO 50 L=
Pa(a
CDNT]NUE
CONTINUE
CALL COMB (N7,
ENDIF
DO 55 1=1,NB.
IF{NTB{EJ.EQ, |
CALL X1(I.L M) =
VG(I)=VG(I)/VM {I
VM(I)=VM(I)-EO0 (LT
EQO (L , M) S04 i
VG(I)=VG &
ENDIF
CONTINUE =
RETURN ]
END

susofl HHQM HNINYINT

coMMoNdG1/ TJ (60, EB} DV(60)

FeadFsaiumIng s

K=L-1
DO & I=1,K
DV(I)=DV(1)/TJ(1.,1)
K1=I+1

PO '8 J=K1.L
DV(J)=DV(J)-DV(I)*TJ(J.I)
CONTINUE
DV(L)=DV(L)/TJ(L,L)

DO 10 1=1,K

K1=L+1-1

K2=K1-1
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15
10

DO 10 J=1,K2
DV(J)=DV(J)-DV(K1)*TJ(J K1)
CONTINUE

RETURN

END

SUBROUTINE X1(1.,J.K)
COMMON/AR1/ NBB(40
COMMON/BUS3/ NAB
K=NAB(1I)
J=NBB(1)
RETURN
END

SUBROUTINE
COMMON NA,
COMMON/LINE/
COMMON /TRA,
IF(M.LE.NL
N=NSB(M)
K=NEB(M)
ELSE
N=N1A(M-NL)
K=NTA(M-NL)
ENDIF
RETURN
END

L
1
7

SUBROUTINE 7
COMMON NA ,&&¢ ,NL

COMMON/BUS3/ JNAB(400)

COMMO | v :
VEINANBANT, e
COMMO N , obYvsHY30¥) ,ZzsE(500)

COMPLEX TAP

DO 15 J=1.,K

DO 15 L=1,N
z2(J,L,1)=0.0
CONTINUE
CONTINUE

DO 20 I=1.N
J=NZT(I)

CALL X2(J,L,K2)
CALL X1(L,K1,M)
K=NAT(M)

DO 25 N1=1.,K
Z2(N1,I M)=Z1(K1,N1,M)

D
=NAT(I)
0
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25

35

40

c782

C674

- DO 85 J=1,N

201

CONTINUE
CALL X1(K2.,K1 ,M)

K=NAT (M)

DO 30 N1=1.,K

Z2(N1,1I M)=-Z1(K1,N1 ,M)
CONTINUE .

CONTINUE
DO 352 I=1,NA
WRITE(" ,567) 1
FORMAT(/,5X,"
K=NAT(I)
DO 352 J=1
WRITE("* , 345
FORMAT(5X, 124
CONTINUE
DO 35 I=1,N

J=NZT(I)
CALL X2(J.,L %

CALL X1(L M
CALL X1(K2,1

TJI(1,3)=22
CONTINUE
DO 40 i=1,N
J=NZT(1)
IF(J.LE.NL) X=-1_ f
IF(J.GT.NL) X= ‘r'+ ZT(J-NL)
TI(1,1)=TM \
CONTINUE T2
WRITE(®,
FORMAT(/, Ty
DO 674 I=%
WRITE(", 345}ATJ{I J) Il

ciffTW’JVIEWﬁW gIN3

RETUR
END
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Table G.1 Number of Elementary Operation in Computing

Automatic Tearing
Per Itearation
Combine Solution

FDLF Per Iteration

Bulilding Tables

Bulilding [ Y-Bus |

Building [ B' ] and

s 1

Building [ Z' ],
4
[ Z" ]| and Factor-
4
jzatlon Matrices

Output and Mis-

cllaneous

TL + A ( B + 2TL 5

B+A+2 (204 42

2B

B + 10L +16T + 3\

16B + 18TL - 4A 3!'

. mﬂummmwmmm- Dlemraen

Multiplication and Division

1+ AFB AL LTHA) ]

¥

AW (2TL + 4 )

2 { 2A+ 9 + 7TTL + 2 }

+ 2B ( 4TL + 3F )

None

ammmmumwmaﬂ

9B + IBL 4 5T + C + 10TL + 3F + 4

2

= ATL + 2A [ 2 (F=-1)(F+ 1) ]

14B + 29L + 13T + 18TL + 6

B = Bus, = Area,

L =

Line,

T =

Transformer,

TL

= Tle-Line,

C = Shunt Element,

F

B/ A

c02
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