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Abstract

This paper aims to develope a new algorithm to overcome the disadvantages of the convertional
‘E.L.D system bascd on the B-Constants and Penalty-Factors scheme.
The main features of this paper are that the Variabiable Decoupled Method usually employed

in the Load-Flow studies is introduced to the E.L.D.
Besides this,

Powell’s Nonlinear Programming Scheme.

reduce memory spices and computing time.

algorithm developed by Sasson, using the

other minor refinements are made to

Case studies show that the method suggested here has the remarkable advantages of computing

efficiency and memory requirements over Sasson’s.

L # &

BT MORHEY KFEUL 2 BERHE  LAFA
we} KNEERHY SPEEBl ke BB mEko]
A \Rskm vk EERR EII AR REENE
Foox dolx e MEE EHHE R AT S
of ek or14 BEHRLY BEEReleh ¥ &
1o e Sl Affd B ftiaTd wairt

ol gt MEERAE 178y sk DUE Holste —
e HEEe B—a@likel e Jjelel ZE el

JEe BR AR IRl A A 2 @E K
7]‘ 0‘]€3 aL, E /m JrFH?}"quﬂ* LJ'—F _3H Ok —3}‘“: '4(%0]

wl- 2o}, o)el gl BEE-S FEsEEr Ml BE Jrinel WIHE
gizEsl g gl o, ol X & ML Al o] 2ARX

slm oglvh. e, o] Jimell BEr FEG WS &
el A s a gles, o fumimel REE IR
S foime Aeleh & o glvk o JriEslA &
3 RIS HE R GiEEERe] Ax, iHEd HES
L tEmEel W sle]. KBNS &zhal(on-
Line)H 2 1‘@ ‘}Eﬂlt’i H B me]Eol Be W

AEK L7
w0 ek K

whekA & el A EmE(Penalty Function)
Ao g At EliEda A BB 5 RN
o} fHiEA A ‘Ew%’fﬂ HAE AR YRS
=@ BFHERS GESEE KE GEEl  J, b
STEgER E E@”Iﬁ%ﬂ g, AAE -22hel(On-
Line) o] 1 dxelFE& BEEshed
wrgeel Aol

Rl kel ke REE)ES vz KAEYER 4
-2 Carpentier 24, ®RHEMEES <7 ¢ Kuhn-
Tucker M-S MY 2, Peshon® #HE S %
Fiedke kS FEY B, oA Carpenticro] B
wlof] BUBSEIRE F-7tek Aelddeh. Zfk Dommelst
Tinney = #HifEE(Penalty Function}Z A% H&
TWhAR 2 RiFE(EE A7 ew, El-Abiad + Lagran-
gian® {# AT JEEKEIENonlinear Programm-
ing)e 2 1 S RP P

Sasson® P ¥ ol § AT FHEAHL S.UM
T(Sequential Unconstrained Minimization Techn-
ique) fHste] Tap-changing Trans.7b gl4= 2 ¢
g KHBEAKY EEsiES kP

& Fell A Sassond] g siishe], #EEA
TRES] MBEHE(V)} . {(THE(0)E BT R KEHA
dm, RME REREH A BESEH(Variable De-

3}_:..,

pitl}

ATHESE S5 his

Al .

(77)



— 78—

coupled Method)& i.i]a‘f}oz PR R
Efd 4 4538 #HFES o584, F Hgd= E
B A0S #BEe Rele BEEEHES Kz +
TA fAMEE A713, ohRel s EEAHEE SR
g I (i WHE st BMEE A7 e ke s
o] ML KEFoRY BEY s o REESE =
F OBE R A B3 e don, JHEME
o EEAEEHENY HEDT SEYREE dd, A L
2}l (On-Line) oo ER "HEME R Rt glvl

2. —f0l JERE BIOBMT MK B
0 E%el BE Bx
—Rie R R BEE des o xR 4
steh

Min. f(X) o
g:(X)ZO 1:1, ...... , 7
R(X)=0  j=1,e, p

74 X akit ¥H.

KDL F= HES —BEre= v A sAxz
SRR e,

1. Fiacco-McCormicki:

2. Lootsmai:

3. Zangwilli

1.8 Jig-d Wl EEd A e L (const-
raint)}g mk&sled ok b o9 3 Fhel glol {iEs)
7l el A97F 9y, 2.9 Hike Lo ks 2
< R o BrvmEe] Wt HRE &R
gk 7ol ERIEA A & vk 3.9 FHike @
FEEY LBE ot e 28/
=tel4]l Powelle o] 2] 3 BhES #i8s)ld
Zangwill®] Jigeg A8l bt 28 wmiE &

v

(X, o S)=F0X) + 35 @IS )

=}, \_‘gﬁ_ g.(X)<O°7 = al Z &,

A7) Sy, rie A28 BE BREE QL = e
rRIE 3, Zangwille] 73-$-¢} 3ho] S-S MRS
A g vl SO FEAC AF A KiE
BREAA A, SIE s P(XY, (0 SO 4l
FEfhel A8 REEE whof g X)=04d T8 sbd AX)
4 grel HlF P(XY, (#, 8§))9 grst A gelof
Hfgel =esA "ok ==l4 fiEe 449 KESR
B gfX)7t F ol FHe] A HEF A7 A
ot o[zl Powell tholl A& g, 7o) mAoc), whek

=0, S;=06] &3} o]uwl &= Zangwill &] FHp:s+

BRBGHE H26% 158 19774 17

[—slAl el o] SHY HALE nE Bl 43
A gauE HBE TE T e Aelrh ohgd 89
4 Hikg ®eleh
S =8/+g{X) (6))

FolAl rell #abe] Sk KRG 2e] 423 8 71
BMEE AlZIa, o o)Ak MEsE /A WeEel
oW el rghg #BAA vl REGES T3
. — e B BAGREA A S BAHEEBRE 1/2
EE /M43 ER o83 AF S8 A5 Aol v
ZFAsleh meln rE £Y dWe SiE 4 B9 8%
2 93] v F =2 FES T SES Y, oy
A+ r, S BF 28 HERA Fde] ulebd s,
5 1/100 =7k galelvt. =¥ 1.¢] Powellikg
MRaEE Brdrh. 28 L4 X @QF fiksts
ke 2= Hiovtxl <A sb mhstn wEikel
ol = Fletcher-Powellg™& {#H 34 v}

asen

O OX

wn hon o

L—ogs;-'i oo

LN
Yes,
No G T
Yﬁ#o——_
5; =3I
5;=5400(x)
Lz
I
Mo
8] .. sowellime MEBEE.
Fig. 1. [low diagram of Powell’s Method

3. HEWE DU RTE
BEX BEIES sk = BRE(V)e} (45(0)

(78)



SR T Blkel 3t BB

. HY(’S}_E, FHie o] =rvlekA(Admittance)

st EBERY R FEEY D

= el 2 da 3,
V,=V.(cos0, 7 sin b)) (€))]
Yi=YRy+iY1y (5)
vhee] BHIEAE AR
P;=V (IR ¥cosb;+1J¥sin8,) (6)
Q:=V (IR sin 0,—II%cos8) @)

4714
IRi:.‘T} Vi(YR;j%cos 0;—Y I j¥sin 6;)

11,=37 V;(YR;j3%sin 0;4- Y I ;3% cos g;)
jest

Serige] AW BREEY K4
T2 HONEIES BEIER GrE FoReeh

Gu=PM—-P; -0 ®
Gu=P,—P".-0 (9)
Giu=QM—Q:i:70 (10)

Gu=Q—€".20
Gu=VH¥—V,-0
Gu=V,~V," >0
Gp=0—0,20

Gi=6,—0"20
o4 ML BB s TR #H3 AL #HR
ghot.
E ¥ ol B NK)‘ AR 2 EHHRHAA Hel o=
el 5
BEENTe
PEATC
Feiz etz e
fi<P')::"' 'bi’a‘Ps ll'U.'>1<P-'E (16

BH 0% 7
5103 kel

an
)~ 15 BRI S AT F R
Z 3 EONNRITEY QIR S = {‘L“r.
F= :J‘,(P) \'—v (G (X)’ 3 (18)
i 1 y
G,220
B iEiolis JURSIE ¥
{18 Vi, 0, P, Q(5E i=1, 00 n, n=HRE

£ Ewe Bt @HE BE ANEY BECH FERC
a8y Py, Q= V, 6,8 REE FN RRESIERE, K
FlgeolA & V, 05k BH e el Astaon B

ofare] &) PHE MY A ~79 —

A Fel A RIE
13te] F O REE 5 BiE=
Fiol, BOFREAA BRIV BEY (HA
2 2 uE Pl g B Fox K184 #
P A0 EmB FE), @, d4), 45
ez f58] B BUSAE R (8), (8) =4
AR B Jikew Qel Vol BR Fy
EcE el T8 BRES MHEEY REE FdxE
(1) ~1A3)3 = A BUS A& 5810, (1D
TS AT

g 4t 2N 2 SE9ch oA &%
FEEIRE FHEE 9
F\

B

O\ Hﬁ

)

%

=
e
¥
=
=
#(
RN
-
2 uR
4l A

4. H®E ¢na|

i

ot

Gell A T Fo, Fuoll a4l §IEE #1AA 7H:
v, ®A Foell a4 iAVbE A7l ol FuE
BMEE AVl BEE RKETH ofgA oz
Fo ezt Bvbd Qs Vel R filfEr-2 tha
Bieslzm, w2 Fy fuhMirt B P o gl DH?“
HREA ] B4 BLE-E B EASe o
Bk ooluldl BE-E AS FEige A e ﬁaﬁ.f:’u
Be-e A WRste e ® gHsiA Ak o
IORT IS SRR REEREE Eelr Sel)
vge] Frb 225 A

1. fMb Hike 2 Fletcher-Powelli-g {5 fiE =)

g GEAERE LERZ S 34 k(Hessian) 177018
2325k (NP—N)/2

LS At MER S
& pMEAE EET AR el
2. 1R F OISR wbEs

¥ & sin, cos @] g v

A A oA U 8- bz

30189 F 3§ ;’I*F Yaus': viE] (o] ofyi
FAAE pell whel GrEEAg o ma ey
A I f'uf[ﬁjoﬂfﬁ fi T AEE b AAe
TFHN A = Yoyl 15~30%1ke] A9l =

1574e] et

Az oo, o] )

(sparsc;

5. riof {IHE EX

K8 A 78 FIHHE EEel = AT F2 7t
ghok &b, =leF 9 WEECL A5 2= =A R
B snR FIERRHe] wel Aelx, = v zhed
BT kel del. BARKAA = 2F o E 1/20
AEE Am glovt, HEES #FHATE A= olmrl
2~5f% A ZA FEhe Aol AFTE EHEA a
AP xn, = & A rgE T HEE 1/1008 0
10f53 5 =2A o] A Fsieh

Lf,

od

(79)



— 80— RS

6. DE RHEOC EREER

& RIAA FEAT 2l 29 2.8 Zer o
2] REEHE B L3+ 2k

A el A = EEERRS] JEAM (Off-Nominal Tap
ratio)}e EEsIg.0H, 7+ BUSH A4 %R &

x=

It 268 158 19774 1H

G4

0.554+j0.1
@ —530.0 1 3
V|=1.05£0"Tt 0.08+4750.40

~134.0 8

WAL ) TREskeln Y el Al B 2
By #{kel 271 <k glel ELLDS GHESERE % £
20} 2. =
i Vi=1.10 P.=0.50
9 #R Gt FHEHY St BHA F o4 o
4 B BB #rhsa glerd slack BELS A4S —j29.0] A
9] gk 1204 1.0513/00 2 #3517 9lv}. 0,30+j0.18
kol BEFES Axad 29 3.3 2o o] a8l 2. REEEE
AE 7ES KiE SUMT ftHee 2 @5 48 + Fig. 2. Model System
T 1. =2 R#E xO&
Table 1. Sytem Constants
BUS Prax Pria Qnax Quin V max Vain Omax Ounin BUS TYPE
1 0.45 0.05 0.25 0 1.1 0.95 1.5 —1.5 G
2 —0.55 -0.13 1.1 0.95 1.5 —-1.5 L
3 —0.30 —0.18 1.1 0.95 1.5 —1.5 L
4 0.58 0.05 0.35 0 1.1 0.95 0 0 slack

BEE BB f1(P)=2.0%P,+4. 0% P2

E 2 EZER@HEE 100)
Table 2. Results (Starting Voltage 1.20)
BUS P Q v 0
1 0.2930 0. 0150 1.0526 0. 0099
2 —0.5499 —0.1300 0.9501 —0.1447
3 —0.2997 —0.1800 0.9560 —0.0694
4 0. 5809 0.3370 1. 0513 0

C pREE 12,4757 P.U

ARz, = oA A= ket Zo] 9 & 3wk uf
Fla ek 2z A4 HEES 120§y
Lo}, EHEMEIAEANA KT gl A HEE sha MK
e oS nEEE Aelx, EhEel sl 1/2~1/3%
X FHEREEe] miEcl. zel 1 Fletcher-Powell i
By A 7RIS A BATEI A ) 2kslA]
ARl A K3 g5 wiifEs Ield AA KEGK
= AR AR 1/2~1/33 = E5EE Aol dAdH &
1R 601 A =9 Rl A 2e}el(Oo-Line) o] AT
HEY Aol rh

BB #RAA V, 05 Fisd B Bstx

o

=2
e

S2(P)=1.5%P,+2.0%P3

gl 3.
Fig. 3.

Wk stk dh i (B REE 1£0)
Convergence characteristic curve
(starting voltage 1.20)

T, BESEEE FRTGORA ik Hrecl HH
Frfdst RIBAEEAA 953 %EE A g3, Yok
RS Rffe] WRal A= o5 kgL = s
chet Fghe]l Ha gle], At -ulel HEpel FiNYE
d= WS & R #rsta glel. 2z On-
Line Tap-changing Trans®] %72 2} 5243 E.

x=

(80)



R AT EIel B AEEHRE 21T

LD % @4 4 & Aol=t

(O
A BT BT Med 2 ke Bosan
3} 2k

1. Sasson %] {7ah S Elkel o MEHE
o o) Zel B AWML A b o] WS
At SRS SR WA Bt A

°] ‘GP?l ‘,L’TFfJ TR 30ME =7}
S st 2 BHRE

i‘ﬁ'ﬂl’f‘éﬂ-ﬂ? 3r°4 AT B s

[AV]
=4
B
3
-
o,
L
i}
=
Py
2

|

U 4 e

CEES AR Ml AR HEe

%9 3§
IEEE A7) ek 3 ubE-ak el 4

m[o
B
)
ol
_
&
=
[ed
M

sin, cos9 [t

Hobdl @stE A FEHEE 4

2 £ x W

1) Dillon and Morsztyns “"Active and Reactive

Load scheduling in a Thermal Power System

in the Presence of Tap-changing Trans. Us-

o BEel Ble B — 81—

ing Nonlinear Programming”
IEA EE8 No. 2. Sept. 1972.

2) Albert M. Sasson; “Combined Use of the
Powell and Fletcher-Powell Nenlinear Prog-
ramming Methods for Optimal Load Flows.”

IEEE PAS-88 No. 10. Oct. 1969

3) Albert M. Sasson; “Nonlincar Programming
Solutiens for Load-Flow, Minimum Lres and
Ecoromic Dispatching Problems.”

IEEE PAS-88 No. 4. April 1969

4) Fiacce-McCormics “The Scquential Urcenstr-
ained Minimization Technique for Nenlinear
Programming, A Primal-Dual Methne”

Management Sci. Vol 10, No. 2. Jen. 1962

5) Fiaceo. McCormics “Computaticnal Algerithm
for the Scquential Unconstrained Mirimizat-
ion Tcechnique for Nonlincar Programuning.™

Monagement Sci. Vol. 10. No. 4, fuly 1964

6y Fiacco-MeCormicks “Ixtensicns of SUMT lor

Nonlincar Programming: Ecuality Censtraints
and Extrapolation.”
Management Sci. Vol 12 No. 11, July 15€6
7) Richard L. Fox; “Optimization Metheds for
Eng. Design.”
ADDISON-WESLEY 1973

(81)



