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LOAD FLOW AS A PLANNING TOOL- AN OPTIMAL_ APPROACH

ABSTRACT:

Thre boend flow Solnlion is o an iondespensable ool o the design
o operational planning of a power system.  In practical systems,
in order to obtain an acceptable design or operating strategy,
a large number of conventional Jload flow solution have to be
performed one after the other. The success of the final solution
depends to a great extent on the experience, skill and intuition
of the system planner and invariably involves trial and error

adjustments,

In this Report, a new approach is conceived wherein a
single optimal load flow solution replaces a series of many trial
andd  error o laad Flow solntions . Forooa o syslom under given
“constraints tho best pdssih]e operating strategy is directly found
by using one line solution technique. This method is illustrated
with an exampie.  While the propused lechnigue calls for areatoer
programing  cffort  and  compuler memory compared  to conventional
foad  Tlowss, this  would ot tee a0 serious drawback wilthe the

availability of the present day powerful computing aids.
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NOMENCLATURE

P - Real Power
Q - Reactive l'ower
v ~ Voltage magnitude

- Voltage angle in radians
N - Number of buses

(; - Nimmnber of gencrator buses

SUPER SCRIPT

-1 - Inverse of the Matrix

ir - Transpose of the Matrix
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INTRODUCTION

The  tosd  flow  solution lechniques  based  on Guwss  seidal
or Newton Raphson Algorithms are so  frequently used 1in the
process of power system  design or operational  planning so  that
jts basic features and limitations have bheen taken for aranted.
Each bus in a system is characterised by four variables, |V|
and & at the slack bus, P and |V] at generator buses and P and
Q at the load buses. The load flow  solution gives the
corresponding values of I', and Q at the slack bus, Q and ¢ at
the gepnerator buses and |V| and ¢ at the load buses. Often the
results of the initial leoad flow are not acceptable, For example
the . P and @ found at the slack bus may he beyond the capacity
of the generator at that bus.  Similarly |V| as found at some
of the luvad Dbuses may be loo low. Or al a generator bus, due
to the voilation of limits on €, the wvoltage may be too high or
too low. By reducing ¥ at such a bus, the Ilimits for Q mav
be widened and this could lead to an acceptable voltage level.
Thus, the system planner has to consider several alterations,
modify the input specifications to the load flow problem and
obtain a fresh solution. Often a number of such load flows may

be carried out before an acceptable result is obtained.

In this work, a new method is proposed which enable the

systom  plannor to spoclfy desieed vabives o any aomber of
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optimization techniqueo



variables in the system. The lead flow solution is reconceived
as one that yields a system state that is closest to the desired
solution. To solve the problem, an optimization technique based
on weighted least square errors principle is used. Provision
are also made for the system planner to incorporate: the relative
importance that he attaches to each of the various desired values.
The method vyields a solution in which the sum of the weighted
squares of the deviation of each variable from its desired or
target value 1s minimum subject to the necessary load f{low
constraints. without the need to conduct several case studies.
Thus the process of arriving at the most acceptable system state
is made morc systematic and objective., and less time consuming,
and the subjective decisions which the system  planner normally

has to make are almost enlirely eliminated.



CHAPTER T

OPTIMIZATION TECHNIQUES:

Ar: or technique of obtaining best results under certain
restrictions and limits is known as the optimization. The
objective function may be different from problem to problem.
The wmethod for getting the results may also vary. In general
the optimization techniques falli inte two categories, viz Linear
and Nonlinear technigues. Out of these two, linear methods are

more  effective, less  time consuming and for real time

implementation they are woellb suited., In this chapter weighted
least square error method is revieved briefly. A feasible
solution  which  optimizes  the ebjective  tunction  is called  an

optimal solution.
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Fhin reosnll Qs alno o accord  wille coapeticnee ated Common Sense
1f the accidental errors  of 0 measurments IH|.T[1_,. ....... mn he
denoted by PERUTERREE N resipeciively then
4 2 2 o S .
X, o+ X, o+ X, foe e X Sy X7 iS4 winiwmum.
1 2 3 n 4

We arrive at this principle from the principle of
probability, which states that the best or most probable value
detainable from a set of measurements or observations of equal
precesion is that value for which the sum of the squares of the

errors is a minimum.

In its most general form, the above principle states that
the bost value ol an unknown quontity thal can be obtained frogr:
a set of measurements of unequal precision is that which makes

the. sum of the weighted squares of the errors a minimum.

Adopting this principle to the optimal load flow problem,
we doeline the best o slale of Lhe power systemoas  that Tor which
the sum of the weighted squares of the derivations of each
variable from its derived value is o minimun. The weighlages
al'ow the system planner to  assign the relative importance of
the various variabtoes. This is in facl the only point at which
the subjeclive assessment of Lhe system  planner can  affect the

solution.

. cpeem ey v amirratnETTLy L oL L mMeIsSurenents

11



problem formulation



CHAPTER H11

PRORLEM FORMULATION:

Problem is formulated in polar co-ordinates. ¥ariables at
each bus are 7, (), V and &
N =+ total numbher ol huses
1 to 6 » Gonerator buses o which bos 1 Is slack bus, so  that

51

1t

0

G + 1 to N * load buses, at which P and Q are specified.
i, i =2 to N and Vi' i = 1 to N are the system state
variables numbering 2N - 1 . There are 2N other variables,

namelyPi.i=1toNanin.1=1toN.

In conventional load flow studies one has to specify values
for 2N of the 4N wvariables and then solve the non linear power
eguations  for the rewaining 9N virfablos, However In practice
we really need to specify only the slack bus angle and P and

Q for the load buses. All other specifications are artificially

introduced.

Let there be G generator buses, including the slack bus.
Then G+1, G+2,......... N arc the load buses. For each of these
buses, Pi and (Ji must be specified, 50 the total number of

specified variables is K = 2(N-G).

From among the 2N-1  state  variables, we choose K
variabnles called dependent variahles, forming a vector [x] of

order K x 1.

13



1 <SG+1_I
18
2 G+1
[x] =
g |
N-G+1 VG+1
Ves2

K=2(N-G) | Yy

L

“The remaining 2N-1-k variables is 8o to to V

S Vq G

are called independent wvariables and forma vector [Y] of order

j x 1 where j = 2N-1-k = 2G-1

r—'-‘ I— |
1 5,
)
z 3
(Y] =
G-1 g
G vy
G Vz
j=2G-1 Y;

15
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There is a third class of variables for whoch we want

lying between

oal

= N+G.

cach

'target'
where m
{t] and
m x 1.
1
2
G
?b'] =
G+1
G+2
2G

AR

Their

their limits

\’f

\ G+1

M

generalor

specified

variables are included

in wvectors

and

bus

[bminl

Vo far
in a vector

target values are

and

b min

upper

[b]

all bhuses.

included

G+1

26

20i+1

limits.

in

[bmax] all

!

i

]

values while
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Thest:

of order m X 1
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of order

lmin
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Zmin
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VZmin

v Gmin

v
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All the specified variables are included in a vector [a]
of order k x 1. The specified wvalues for these variables are

grouped in a vector [s) of order k x 1.

Each element in [a] is a function of the wvariables [x] and

[yl . We may therefore write

[a] = [a {(x), (y)}}]
The load flow soclution must satisfy the conditions
ta [0, (vl o] ==--~ (1)
Now the Q at each generator bus is required to lie between

lower and upper limits. The loud Now solutlon must satisfy the

conditions.
QM@ (xy . {yy 1 g0 1 -—-(2)
where [Q] , [Q_. | and [Q ] are G x 1 vectors given by

min max



The load flow solution must satisfy the condition

Ph b Hh s Ly . (4
and
b f(x) , (y)} 1 must lie as close as possible to [t}] = ----- (4)

The heuristic condifion of* cquation (4) may be written

as a formal mathematical weighted least squares proportion, namely

n y

F = l W. (t. - b,}” must be minimum,
i i

i=1

tr

F = ( [t] - [b] [W])([t] - Lb) ) must be minimum where [W]

is a m x m diagonal matrix whose diagonal elements are the

weightapes W,

W, 0 0
L
: 0 We.... 0
Wy = 2
() (] W
L
I

The load flow problem may now be formulated to an

optimisation problem, as given below. Minimise

Fo= ([t] - Ib [x) (yly 3% mwidau - (b ixlyl 1) - (%)

Subject to the constraints

fa{ixt, Tyt 1 = 1Is] ------ (1)
(Q gl T 0ixy Tyl 1 gty 1 -mmmm (2)
]hmin] S ib {Ix], Lyl} 1&g Ihl!laxl _____ (3)



Note that K = 2(N-G) = 2N - 20

and so K 2N - 1 or K<no of state variables.
Also, m = N+G = j + N + 6 + 1 and s0 j or m>» number of
indnprendent  variablos, Sinee fhe mamber of  specilication K

is less than the numboer of state viociables 2N-T,  an infinite
number o solution exiist whichh wil] satisly coqation 1, Oul ol
these, we are looking for that solution which will minimise
F of equation{5) and also satsify and also satisty the constraints

of equation (2) and (3},

1



derivation of the algorithm
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CRNL - bl - el DA o Al T W G e LelpA K] IDTRA YD)
whorn [©0] - [dh/dx] s o om x Lk malrix
and [D]= [db/dy] is a m x ] mairix

S (1L - by - el AT Cast - tay - ¢l - Led 1At sy

[:!&Y])tr (wl ( [tl -~ [bl - [c] [A]_i ( [s] - [al} - ( [P] - [c]
[A}“1 [Bl ) [ A y) when substituting for [ Ax] from equation (6)
= ( [t] - [b) - [c] [A]_1 ( [s] - fal ) - [G] [ayl )tI‘ twl ([t]
-[b} - [c] [A]™h ( [s) - fal) - [G] [ y) )

where [GI = [D] - [C] [A]"Y {B] is a m x j matrix.

= { it} - Ib] - [c] [/\l—1 (ls1 - fal ”tr‘ [w] {[t] - [b} - [c]

[Ajl ([s] [a}l )) - 2 ([t] - [b]l - [c] [A]_1 {Is] - Ilal N

tr

[W] [G] [a vyl + ( [G] [ Ayl ) (wl ( [G] [ aAy) ) must Dbe

=

a minimum

therefore dF/AY must be zero ie

-2 ( Itl - 1b} - [« I/\]_] t s} - lal ])tr [wl 1[G} + 2([G]

(a1 (W) (6] =0

transposing
22061 (Wl ¢ 111 - (b1 - (el [A1TY ( Is] - [a} ) + 2(G1'F

{wl ( [Gllay]l) =0
ie

ir

(617 w1 (G] (AY] = (617 (W] ( {t} - [b] - [c] [A] ( [s] - [a]})

or

tr

fayl =( (617 (w1 1G] )yt a1 twy (1) - 1ol - [c) [A]-l([S]-[a])

7
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CHAPTER 1V

DERIVATION OF THE ALGORITHM:

Since the load flow problem is non-linear an iterative
procedure must be used. At any iteration, let {x] and [y]
represent the values of the state variables. Let [ A x1, [ Ayl
be the optimal corrections to be made to [x] and [y] to

proceed to the next iteration.

Then since we are aiming to satisfy equation 1,
[s]1 - [a{ (x] + [Ax], [y} + [&¥1} ] =0
Let Ja{lx} + Lax] , tyb + a1} 1 = lat Ixldyl }]1 + (Aa]
Then [s] - ( a {[x}, [yl} 1 +[Aal ) =0

ie [S] - {al - [Aa] = O
ie {s] - [a] - [AlA x - [B] &y = O

where [A] = [{da/dx] is a k x k matrix

and [B] = [da/dy) is a k x j mairix |

ie [A] [ Ax] =7!ﬂ] - [a] - (8] [4y]

pr [Ax] = [ATY ( (s] - fa} - [B] [Ay]l ) =-—--—- (6)

Alsac since we are éssuming to minimise F,

from equation 5, |

Fo= (ft] - (b Lix1 + 1 8x1, fyl + [ Ay1l 1 = (ol [x].[y1}1+{8b]
must be a minimum

let [b{(x] + [8x], [y] + [Ayl} 1 = [b {Ix].Iyl} 1 + [ &bl

then F = ([t] - (b {[x].iy1 1 -1 46D w1 (it1 - ol [x1.Iy} 1 - [Ab]



iterative procedure
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CHAPTER V

ITERATIVE PROCEDURE!

The starting values for the state variables [x] and [y] may

be chosen as follows:

e —ry p=— —_— e — r —
5G+1 0 ) 2 0
§ G2 0 83 0
ON_ O S 1|2
[x1,° = ; 1¥1g7 =
0 ) 0
) 1 v, 1
Vi 1 v L
Y 1 v 1
N G
Let the

~tate variables at the end of an iteration be [x], [v] .
To proceed to the next iteration:-
Step 1

Calculate P and Q for all the buses and form the vectors

fal, [Q] and [Db].

Step 2

The MVA rating of each generator bus is Kknown, say Si for

the ith bus. Calculate G . . = 8.2 - P.2 and Q , = /S_z - 1?’.2
mini i i maxi i i
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e | s
G+1 1
PG+2 S, l
" UN-G
Qe 49 SN'G”
lar = Uiaa L st 1 = SN—G+2
K'' x 1 Ko 1
QN Sk
02 Qerlin
Q Q
5 S-max
I — L— —

limits, simply set K' = K , j' =3 , [ x* ] = [ x ]

=[y1.[a’1=[alandrs"l=is].

Step 3
Check each wvariable in | b | for limit wviolation. If it is
found that b, < b .. or b, > b . increase W, suitably
i mini i maxi 1

and thus form a now | W ]

Step 4
] L]
Computa |5 I - | & | amd store U is In the same location
t
as [ a ],compute [ t ] - [ b | and store it in the location as

[ b J'compute the K x K matrix | A | as Juollows.



(A

37

8 PG+‘_l SPGH 8P S+1 (+1 G+l 6 pf}+1 6PG+T1 § PG+1
1
] 9 ] 3 i)
38g+1 842 38 v Vg1 Vg2 Vg Vg Vg
3PL., i Pz ®oaz Pcaz o0 3P ¥ Poan 3P ,
986,082 28y Von ?Vee BV 3V, 3V
a PN BPN - BPN BPN P PN d PN BPN BPN
—_— N-G
986, %2 38 3 Vga Vg2 3V VvV, 3Vg
30,1 9 Ugi 90,1 2 d5i1 Mge 3Qp,1 3 Q4 2 9a
— - N-G+1
98601 2% Gan oy Vi1 Ga22 97y aVy Vg
3 QG+2 aQ(}»(?, 3 Q(i+2 BQfH'.-] aQ #2 0T aQ(HZ J QG+2 aQG+2
MG+1 &40 a8 3 Vi Vi Yy LY 3V
3 QN 3QN 3 QN 9 QN BQN BQN BQN BQN
— K=2 (N-G)
86G+1 8664-2 39 N BVG+1 aVG+2 aVN BVZ BVS
30, 30, 30, 0, 3 R, 20, 99,
_ 2(N-G+1)
9861 980 90y Ve V2 vy 3V CA
BQS 305 BU!- 8()5 3)5- &5 305 a2l '
K
36 Gt 3 &2 3 Sy Wi Va2 Ny ¥, 3Vg
L -
1 2 N-G NeGil e, 2(N-G) kel K
Compute the K' X matrix | Hl 1 as follows.,
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for all the generator buses and thus from the wvectors [Q-min] and
[Omax] compare [Q} with [Qmin] and [Qmax] and check for limit
violation. Temporarily include all the Qi 's which wviolate the
Jimits in the vector fal, forming the augmented vector ta'l.
Include the violated limits themselves in the vector [s] forming
he augmented vecto  (s']. Accordingly regroup the state variables
[x] and ([y] as {x'] and [y'] . For example, suppose it is found

that 02 < 02 min and QS> Q iie two of the elements in [1]]

5 max

have limit viclation. Then temporarily define the wvarious wvectors

and indices as follows.

K = K+2; j =]j-2
6c;+14\ F_GZ
g 8
;+Z 3
: ¢
5 - '
N Vq
’ f \%
[ x 1= | You Ly 1= 3
n y \Y
joox1 4
K* x 1 Vo )
6
Vg
VN
Vs :
Vl‘
L _J LVG -l




[B'] =

0Pguy  Pgurcee OPGer 2Fca Pon 2Fert o 3Pg =+ %7Gn
' 1
36, 36 4 38, v, v, 3V, g ¥ 3V,
3Pgy  Pgizr e Pz Foez ¥, Poz Poez FGe2 BPg o
: 2
36 35
) ) 36, v, ¥, 3V, v, W, 3V,

2P, Py ... 3Py Py Py ®, Py OPy .- 3P,
- N-G

28, 28 g, 27, aVy 3V, v, W, 3V,
Q5,1 Mo 2 Q. 9041 2 Uar M 3 Qg,q %g,1++ 2%

N=-G+1

3 & 3685 3 & 3, AV, ¥, v, 3V, 9Vg

38, 36 4 36 v, 3V, Yy v, 2V, 3V,

aQ o R 0 0 3 Q Q.. 9q, 9Q, - 3Q

N N N N N N N 9O N 5ne6)

38 o 38, 35 O A v 8V, 3V,

3Q, 0, 20, 0, @, 30 0, 30, 2,
R e - —1 2(N-GH-
36 38, 2 8, ¥, vy v, 3V, v,

s 52 30, ;0. 3Q, 90 ., 30Qg 05|
36, 364 368 g av, v, W, g OV, 3 v

1 2 G-1 G Gl




{c'] =

41

1
Compute the m x K matrix [C ] as follows:
a 1] o a1 . ) ‘ } n 1
Py dy ab'y a1y 91y 3Py Py RS .
386, P52 38y 8Vier Vaez  2Vy AP A
3 [’2 31”2 ..... al"z ) 1'2 a]’2 81’2 k] Pz 8P2 )
3 6(;+1 9 §+2 a4 N a‘/:,}+1 aVU+2 d VN d V2 3V5
ol G 1 ! G ar. al. 3 I’G 3 P E)PG
———— G
3 4 d 348 d AV ) 3
‘ Gii+'l G2 ( V(;el \’(h'._’. VN \’2 3\,’5
0 4 0 0 0 ee.. D 0 0 G+
0 0 weeen... 0 0 0 ..... 0 1 0 G+2
0 O 0 0 ... 0 0 0
0 0 cevvnns 0 0 0 ..., 0 Q 0
0 0 ..., 0 0 0 ... 0 0 1
0 0 ... ... 0 0 0 ..., 0 0 0
0 0 ... 0. 0 0 0 .ves -0 0 0 2G
0] 0 oo v | U ..., 0 0 0 2G+1
f 0 ... 0 0N 0 0 0
0 U cveens 0 & 0 .oo... 1 0 0 m=N+G
L ————— .
1
i 2 N-G N-G+1 = K+1 K

Z[N‘_"G)



[}
Compute the m X ]

1
matrix [D 1 as follows:

43

e
é‘91 3Py +eo- B Py 3Py 3Py 3 Py 3P, 8 Py eees a Py
a8 38 38 3 . ,

2 3 o Ny vy vy Mg dy Vg
P, Py oe- 3P ap, ;3P 3P, : SO 3P,
38 38 T T v i v sv. v, o

: , 8. BV, vy aV, 3V, Vg aeeen vV

) 3 an 3
abg g - s oy g ¥ 3Fg 3Pg 3 Pg
— — e e S

2 % a6, vy aVy aVy g ¥y Vg

0 0 vevnns 0 1 0 0 0 O vevennnn. 0

0 0 vienns 0 0 0 0 0 O verennnn 0

0 0 vinnn 0 0 1 0 0 0 tieennnnn 0

0 0 vornne 0 0 0 1 0 0 teennnnn 0

0 0 ovennn 0 0 0 0 0 0 enrenn 0

0 Q .en.. 0 0 0 0 1 O e 0

0 0 sorenns 0 0 0 0 0 1 veerennn 0

0 0 verenn 0 0 0 0 0 0 cunrnn 0

0 0 e 0 0 0 0 0 0 curenn 0

0 0 veunnen 0 0 0 0 0 0 orrnns 0

0 0 e 0 0 0 0 0 0 oernnn 0

R,
1 AN G-1 G PO P 3

G+1

G+2

2G

2G+1

m=N+g



Step 5

t —
compute [A ] ! and store it in the same location as [A ] and

1 '

I —
compute [C ] [A ] ! and store it in the same location as [C ]

' | 1 [
Compute 6] ey § = P2 ) IA |1 j0 ] aned store U In the sawme

]
location as D )

[ [ '
Compute: [A U b ol stere 10 o Lhe same locatlon as |8

! ) '
Compute TH| = {0 |tr | W] where [H] is a 0 x mn matrix

Compute [ H 1 |l G ] and store it in the upper part of the same

locatic;n as [ G' ]

Compute ( [H] [Gl] }_1 émd store it in the same location as
[H] [G ]
Compute [A|]_ ( [S'] - [a‘] and store it in the same location
" as [S'] —[a']
Compute [t] - [b] - Tc' ] [A1 > ( [s] - [a] and store it in
the same location as [t] -[b]

-1

Compute [ ay 1 = (101 LG 17" (1) - (b) - ¢} (A1
(Is1-1al) )

from cquation 7

compute 1 pax 1 = AN (fs1 - fa] - (A1 (B [ ay )
From equation b

Step 6

Check whether all the elemoends s EAx'i and [Ay'] are less

than a pre specified & in magnitude of so, the solution has

converged, 16 not go to stop 7.,
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CHAPTER VI

FLOW DIAGRAM:

(o)

READ
N, NG, TOL, ITMAX

\
M = MMM = N + NG 1
J=JJJ = 2NG -1
K = KKK = 2N - 2NG
READ
[DEL], [SR1, [AKV]
[AKA) [BMAX]
[BMIN] [T]
EQUATE
X(1) + 0.0
I =1,2,....N-G
X(I) = 1.0
I = N-Ngap'N"NG+2. . K

EQUATE
Y(1i) = 0.0
I =1,2,....NG-1
Y(I) = 1.0
I = NG, Ngep» o+«

5



CALCULATE

{OMIN], [QMAX]

YES

IS
[Q] < [QMAX]

YES

M1 M1 + 1

1l

REFORM
X1, [A].Q8]

NO

FORM

(PP]

NN = NN + 1

K = KKK + M1

J=J1J - M

- J




.
|

" W(I,L,K) =
W(I,1) =

I =1,2,..+..M

LK = 1,2,..... M

CALCULATIL

[Y ), LTH)

CALCULATE
[SPP} , [5QQ]

FORM

[T1 . [S]

FORM

[Vl , [DEL]

CALCULATE

(ry . 1Ql

- FORM

fal , [B]




©
|

LAA] = [AA]TT
[CC] = [CC] * [AA]
[EE] = [CC| * [1B1]
[GG] = [DD] - [EE]
[DD] = GG (J, LJ )
I = 1'2...;.... M
LI = 1,2,.0..... J
[BB] = [AA] * [BB}]
[FF] = (GG]'©
[HH] = [FF] * [W]
LALET| = (1] % (GG
GG {J,LJ) = ALIT (J,LJ)
I =1,2,..... J
LJ = 1,2,..... J
[ALIT] = [ALIT]’l
KQ = 1
[TT] = [S}] - [A]

e e

59



(TT] = [AA] * [TT]
(Tzl = [T] - [B]
[TQ} = ([CC] =* [TT)
(T2} = [Tz} - [TQ]
[TYY] = [HH] - ([TYY]
[DEY] = [ALIT} - [TYY]

—

REFORM

(XY, [Y]

[ALY] = |[BB] * [DEY]
{ALLT} = [AA] * [ALY]
[DEX] = [TT] - [ALLT]
—
|
FORM
[DEXY]
1S

{DEXY] > TOL

®

61



IS NO
CALCULATE
[Bgl. (B,]
YES
REFORM
B
[B,1. [Bg)
FORM
(BB]
CALCULATE
1C,y1. 1G4l B
15 NO
> -
M1 = 0
////,
/' REFORM
[D,} {D,]
YES - :
FORM

[DD]

57



FORM

(prrj, [Qpr]

WRITE

(v}, [DEL]

(PPP], [QP]}

()

63
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WECLTE (%, %)

WIRITE (%, %)

WECLTE (%, %) Wi DOME Y e
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WRITTE (K, %) GrINY  PLRUSHOTHAMAN
WRLITE (%, %)

WRITE (%, %)

WRETE (%, %) GLTOED EY:

WRETE (%, %) P b SLIRENDRAN M. Teah
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14 CONTYRUE
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GOTO 2
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COMT LI

JIIs=PE T
¥ I S S O

IF(HYTVERQ.ITD Y SOva =7

THYL = THCIDL, JIEY+0EL (011 )~ N

ALOCT KDy =ARG IV (I oyl (0 wd L) n ST HY L)

BOTO Eé

ALO (T, kT ) =0
DO 8 Lkl , M
IF(LEWEQ.ILL) BOTO =i

THIY = TH{SLL LKy e DEL {0 T4 )~ (L)

ALO (I ) =ALG UL KD 3+ ABE (VLI YD (3T, LI JASING THIY )
CONT I NUE
ALO UL K )5 A LG UL K0 ) e 2B 06 N LT AV a1 L, 3010 VRS TN (THY 11 0 1)
CONT INUE

CONTINMUE
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Do 41 LJHNMHG+1HKHH
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DO 4% LeN-NG+L, KKK

DO 42 D=1 MRS
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B CET , The @B (O CIRY S (DLl 3 AG TN CHH D L+ DEL CE) ~DEL (L))

BOTO 29

ERCTT, Ty =0. 0
AT, T y=0.0
AGCIT, LT ) =0,0
AS (LT, H)y=0.0

DO B Lblsed N

IF(LLLEQLDY) GOTO EL

THT = TH{T Ly wDEL (T -DEL CLL )

AE{TT, Tl ye-ABs Y Ty R LAY L O L ) RS TR THTY+AEZCTT, DL
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CONT I MUE

CONT INMUE

IF(MLLEG.OY BT 3
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ME=FE (T T )
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ITFENELERLLT Y GOTO 67
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GOTO 34
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CONT ITNUE
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B& (NA, LI—1 =0

DO G610 KE=1 N

LF (NALEQLER) GOTO 10
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FIVIL BUS TEST SYSTIM




BUS DATA

Bus
Number

Bus
Code

Initial

Load

Bus voltag Generation

Mag Angle MW MUAR MW MUAR
P.U P.U

1,060 | 0O 0 0 0 0
1.047 0 40 30 20 10
1.000 0 0 0 60 10
1.000 0 0 0 40 5
1.000 0 0 0 45 15
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CONCLUSION

A new concept involving an optimal approach to the use of
load flow as a planning tool 1is presented in this work. Normally
at the planning stage, the system planner has to carry out a number
of successive load flow studies, each time varying the specification,
before an acceptable operating condition is attained. The success
of this procedure depends almost entirely on the skill and experience
of the planner and his knowledge of the system. The new approach
suggested here eliminates this drawback and uses an optimisation
technique to arrive at the best solution in a single run of the

program.

The méthod was implemented using a Fortan program on a
sample 5 bus (thee IEEE standard) system. Convergence was obtained
in % iteration to a tolerance of 0.001 per unit. The results were
very encouraging and the authors feel reasonably certain that the

method can be applied with success to large systems also.

The main aim of the present work was to illustrate the
validity of the new approach. The computations effort required is
more than for a conventional load flow and further work needs to

be carried out to improve the efficiency and speed of the program.
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