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ABSTRACT :The paper presents a new method for load flow sclution
for large electric networks.The computation time is reduced by
tearing the network into a number of subaystema.Each of +the
decomposed sub network la a meparate load flow problem to be solved
.The =glution of sub networks may be executed in parallel,resulting
in a conslderable time amving for on line control.The =separate
solutions are iteratively driven,via a hlerarchical coordinator,
into the original load Flow solutlion employing the interaction

prediction principle.A theorem to guarantee convergence of the
algorithm and 1liuatrative examples are glven,

1. INTRODUCT1ON

The Newton Raphaon method 1s now widely adopted by power industry
t0o 3olve the load flow problem[1,2,3].For 111 conditioned power
syatems, the problem is solved in{4,5}uaing optimization
techniques.

For load fiow s=oiution of large power syatems,decomposed or
piece wise or diakoptical methods (8] are encouraged .In the
such approach a number of smaller subproblems are c¢oordinated

by a master processor .Appllication of auch methods within coupled
computer networks has a number of advantages important in on line
applicationa(low overall sclution time,low storage requirements
and low interprocessor data communication[T]).

In order to achlieve the above objectives , the conventlional load
flow formulation as an optimization problem{8] has been modified
and a new mathematical approach to the c¢oordination process has
been developed.



E. 104 H. SOLIMAN

2— PROBLEM- FQRMUELATION

The load -flow preoblem using the nonlinear programming
formulacion is outlined (B].Given a power network of n+l buses.
the load-flow problem may be defined as that of seeking the
dolUEigfi (CSLURA) Vedtorsd

eefe:...an]-r,v-[vi...v“].r ]

Lo the =set of nonlinear algebraic equations

poo_dq © - . _
keI, I E_.'(_gﬁfj_l_:zh) (e tiv, i (i=1,....n} (2)
a, + v " rY

[ .

Wrere p/¥jq. im the impreased._power, e +jv =V is the bus
voltage, gm+jhh-ykl 1z the ki element of the admittance
matrix and the supetrscipt T denotes transpose. (The last

equation is abtained using the fact that

coni [(p +ig }/le +iv)] = I, = £ ¥ .V )
kap

Busbar O is the so called slack bus end its voltage—ia
constant ,usually 1+3j0. Seperating the real and imaginary parts
¢f (2} gives

" pi.e]'_ +qLVL . )
B (g8, 7D v, %9, ~ Py — =0 ti=1....n) (2
koa e, + vy

n P v ~9.®, .

T (gkka+bkiek)+b\:u ~ < =0 {(i=1,..,nl {4)

k=1 8 + v

Using matrix notation (3} and {4) may be written as
ro=yx ty, t b {3)

Where r~ residual vector , x={e ..8 ;v ..V IT
1 n 41 ™
Yy = G -B
B G
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Since the power mismatches are exactly the residual
vector r, we are led to the following restatement of the load
flow problem. Find the solution wvector X, such that a
‘performance index F, s

F=1r r (6)

is minimized and convergence is assumed if a certain
convergence criterion is met (e.g. F=< ®&).’

However, the large dimensionality of the problem may
lead to numerical difficulties. Moreover, it may be more
beneficial to solve this problem on & decentralized baeis.
Therefore., & procedure based on system decomposition will be
propoged.

3-DECOMPOSITION-~COORDINATION SOLUTION
Decompoging the large network into N subnetworks
1.2....1,J....N. we have.

T T T
X = [Ei""EN ; Ul.. ~

where EI(UIJ is the vector of real (imaginary) parts of

voltages of all the buses of subnetwork I.
For the true solution X, we assume zn approximate one
T T T T

Ul L E: ..,.EL ; U: ....V: ]} Hence the minimization problem
becomes
N - * ~ 1
min g@f E-E 1+ 0 v -Vl (7)

Subject to the constraints [obtained from (3) & {4)]):

-

s b S
GIEE+ T GIJEJ—BIUI—E BLJUJ+gol+fI =0 (8
J=x J=x
Y s ~\
GIUI+ EGIJUJ+BIEI+E BlJEJ+DOI+fI =0 (9)
J=I J=r
E, -E) =0 (10)

v -u: -0 (11)

I
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Writing the Lagrangian of the above problem, one gets
3 N .
—— = — * — T
L= . ;E‘ I_.I 1l EI E:i o+ Vx W L II

T Y ~ ~,
+ax{ GIEI+ b G”E_J - BIUI— T BIJV + go:.+f1 }

7

T ~ ~ ~
+ﬁ1{ GxU1+ r GIJVJ + BxE1+ b BIJEJ+ b0l+fI

}

# { E-E; )+ wl{ V-V ) (12)
. . i
Where the vectors f: and f; are those corresponding to
subnetwork I with the substitution E’ and V' for the buses
voltages.
The necessary conditions of optimality are given by:

aL RN T T .
ai;“ 20 E~E] ) + G « +B B +r =0 (133
Oh= 20 E,-E) ) +L G} o +Da +f B, 3 +HpA ¥ =0 (14)
I J=1 JHET
dhere

D ~diag[..(p, ()7~ v ¥ +2q.0,v)}/ ()74} )2, ] via

2

; ~2 ~Z R ~2 2 .
H =diag[.. (g (v."- e "}+2p v e /(e ~+v ") %...] Vil

%: 2(v,=v] ) - Bla +G 73 +v =0 (15)
" "2V, ) - E Eje sHaD 6,0, 40,0, =0 (16)
%I=GIEI+ £ G, E - BV - f BV, +g01+;:-0 {17)
g—é:c;:u; £EG, V, + BE+ E B_E; +b01+}:-0 (18)
3*1?1' E,~E; =0 (19)
Lav v -0 (20}

I
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Based on the above derived nacesgssary conditions of
optimality, the following algorithm is proposed (Fig 1):
1} Given an initial guess to the coordinating variables

ET.¥

LY v & b ouBing 8g-2 (19),(20).(14) and (16} respectively
and send them to the lower level .Put the iteration index k=1
21 At the suyhsystem lsvel .solve for UI. E‘.I using (17 and

(18). Also solve fer /7, arusing {13) & (13). Send the result

T

to the coordinator level

3) Update E:,U:,rr and v using (19),(20).(14} and
(156) respectivly .Put the iteratiocn index k=k+l.
If the error is legs than a specified tolerance =,
stop the iteration § and print the results ., If not go to
step (2] above

higher leve! {(hierarchical) coordinator

(19) E;
™~
{20} VI
(14] —— 7,
(18) —— g
Lower level Soives N subnstwork

(17) and {18)
{(13) [(15)

and

Fig (1}
Schematic representation of the two
Level algorithm

4— CONVERGENCE OF THE ALGORITHM
Although the algorithm is gensral .certain simplifying
aggsumptions are put to derive a asufficient conditicn for
the convergence as given by the following theorem.

Theorem

Under the follewing anmsumptions (valid in electric power
networks} :

i) When the iteration number ig asufficiently large, the bus
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volt§g33 Exk 1 and v. = 0

ii) Megligible conductance G x0Q

the above load_flow algorithm converges to the solution 1if

T =T =T
j -t —(H +B }B DE 1
Fal o b "o’ b bbb

max {(B_ B ) . [ T,.-T -'r:' <1

L b o (H-B)B_ -DB, | J
 Wherae b?iTﬂYé'tﬁgkgaeétraff}idiﬁs of tﬁé-ﬁLﬁfix (.} e the

sigenvalue with largest absclute value. _

Proof

Let us assume that we are at the kgliteration .Then using {(19)
and (20} .we have

gEtagk (21)

vk (22)
whereéﬂ[E:...E:...E:] ,and similarly for E .V &V
Alsce (14) and (16) give

P a2 (B -E™) +6Ta" 4D o+ B +H, 5 (23)

K+l K K T K K T K 2o

L w2 (VY )—Eua +Hba +G0ﬁ +Dbﬁ (24)

Where

rT-{r:...y:] & similarly for a«.45,»

0 G 12 GJ.N
G = & similarly for B
[+] 0 o]
GN!. ) 0 J
Db-bloc diag {D1 .. DI .. DN] & gimilarly for Hb

Under assumption (ii}, substituting from (18)in (21) gives

E= - B (B.EY + b+ £7) (25)
=1 o]
Where f ‘reduces te [..q..]" under assumption (ii)

Substituting from (17} in (22).on® obtaing:
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vV et —EOVTL+g0+ £ (26)
Where g & £ reduce respectively to the zero vector & [..—p..]T
under assumption (ii).
Aleo from (13) under assumption (ii),
pe = =BT 2(B-E) 4" (27)
Similarly from (15) T
aFa BT 2RV K (28)
Substituting in (23} by (27) & (28)&with assumption (ii}:
o ¥ a2 (BF-EM )+ D BT (2(VE-VF) 405 - [BIH T[T (2(ES-EY) 4] (29)

Substituting in (24) by (27) & (28)&with assumption (ii}:

a2 (v (1 -] BT (2(VE v R oD BT (2(ER-ET) 251 (30)

Now let the error in E" be defined as

c:\d-i. :-3 Ek+l_ Ek
. . - kvrx kri k+1
- < -
Similarly for < = . v & =)

Then from (25),{26).(29)&(30) we get

I - (31)

AN ] 8] E~

ket i k

Sun BB, <, (32)
ke -1 k -T _ -1 _k k
<, 2(B B +I)e_ +D B~ (-2(B B0+I)-v\+ey ]

_ T =T _ -1 ‘;k _k -~
(Bb+Hb)Bb { Z(Bb B, +I) E\+.=?’ i {33)

rd

-1 _k _nT -T,_ -4 X k
<, - Z(Bb BO+I)EV\+(H‘:: BD )Bb ( 2(Bb BO+I)EV\+EH |

LR

-T -1 k _k
~ D,B.T[-2(B*B +I) s  +<' ) (34)
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.
Or
(e |7 [ BB, 0 0 0 1< "
€, 0 -8B, 0 0 €,
<, = X X —(B +H)B' D B’ <, (35)
s, X x  -DBT (H-BOIBT|| e,

. Where X is5 a matrix -of-no importanca.
The error vector in the proposed alogarithm reduces to zero
(convergence) if the spectral radius of the matrix in the R.H.S.
of eqn. (35} is <1 ,or

bBE:
) B,

T -T
[ —(B +H,)B,

| -o.277 (H,-B } A

max L = (B, Bo) . T
[»]

Which proves the assertion.

5- ILLUSTRATIVE EXAMPLES:
Hers we give two examples to demonstrate the
effactivenass of the proposed algorithm.
EXAMPLE 1.
Given the shown network and it is required to solve the load

-

bl

flow problam. \
P+30=15.32% j3.230
G g

(all quantities are in per unit on a common base)
Fig (2)
Applying the proposed algorthim , the solution
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V o= 1.1 £15°" and v 0.9 £ -15°

1

is obtained in 18 iterations.

EXAMPLE 2.
The shown network in Fig (3) 1s decomposed into 3
/subnetworks. \\ e ’

{all quantities are in per unit on a common base}
Fig (3)
For the following generation

Bua # 1 2 3 4 5 =) 7 8
P B2 .24 .24 .87 .4 .24 .92 .28

Q o .58 .66 0 .63 .58 o .66

and starting the algorithm with e’=1 , v =0 ,» =1 ,» =1 vbuses, the
solution is obtained in 20 iterations on Micronet computer us:ng
Microsoft Quick Basic 2.0, The calculation time is 30 sec to achieve
an accuracy of 10 for the largest absoclute error in buz voltages
from iteration k to k+1,Fig(4). For the same accuracy,the example
ia recomputed using the solver owner's Handbook Eureka and the

compution time ia 25 sec., Of course the computation time for the
proposed algorithm will be much reduced if parallel processorg are
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computing simultaniously in the iower level and not computing
serially 29 has bean done in this example.

6~CONCTLUSTIONS

The paper presents =z new method for large load flow
proplema. The objective has been to reduce the computatien time of
A4 given AYatéim By tearing the natwork into a number of {ndspendent
aubaystems. The subsystem programs may he executed in parailel,
resulting Iin =a considerable time saving for on-line syatem
control, Using a hierasrchical coordination procedure., it has bheen
shown that the decentralized solutions. converge iterativaly to
the cwverall gleobal soluftion. Examples have heen given to support
the theoratical invagtigationsg,
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