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ABSTRACT: Responding to the situation that the external network information in power systems is completely unknown and in
order to analyze the research network, this paper presents a parameter estimation method for external network static equivalent model
based on nonlinear programming genetic algorithm to build external network equivalent model. First of all, the typical two-port and
three-port external network equivalent model are adopted, and the least squares estimation model of the equivalent parameters is
deduced based on power equation of boundary nodes; then, combining the nonlinear programming method with genetic algorithm, a
combinatorial intelligent optimization algorithm is put forward; finally, the nonlinear programming genetic algorithm is applied to
estimate the external network static equivalent parameters. The proposed optimization algorithm does not require the initial value and
can obtain the global optimal solution which is in accord with physical interpretation. Taking two-port and three-port equivalent for
example, through simulation analysis of IEEE14 bus system and by comparing power flow distribution of the research system before

and after the equivalent, the validity and versatility of the proposed method is verified.
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Fig.1 Schematic diagram of
two-port interconnected system
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the two- port external network
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three-port external network

3 ARG, HTREANL I SRS S A
AN AT EAEAE RS, WO I &3 B BN
EX PRy |

S;=P+j0, =8-S, -8, (10)
Forbr S, R A A R I AR A S k(S
B IR
X5 2L, TR B A HES = A A
SN el AR
N 6
J=minY > (f,(X,)’ (1
t=1 m=1

N, S HEE 18 A, ZE O H B ]
Rt I RE R TUARME DL SRS, B N=4.

B TIPSy EE I E AT TMPN -

2 FREMMREERZE
FGEI AR LN SR TR N b ks B



136 RS H T ARSI FE K A S S S R

Vol. 4 No. 2

JEN B G T IE AT SR, R R (M e ) R
o, (HA R R A AR, R AR A S5
PIRIGREBOE A Y, W80 M LUK, bt
ERABIE L R . BEEIERHIERE . X FEH
HAMATHEER, febl—eMRBk Ritm i, &
JR AR e B, IR RHAT o A v S, SRR,
HA R yERENLS o IR S LR
I, R A B B R A,
P, BERREA Z AR T A E T AR 90% )5
LB AL AE I A, R R Rz, 7
AR 3 A AN FARUSL, PR, o ALk Bk 5
LA SCKH MATLAB A6 e 2 fmincon) FHig (4 5.
LW A S S R SR T 2 R R
IR, 780 A AR LRI A RS R e
fifi fe K219 2 2 JR B AR I [N, X Re R uEE .
P AR A (R A v . s v, 4k
MR AR E ] 4 o

|
e i e e E S U

B4 FELMMREEREZRER

Fig.4 Flow chart of nonlinear programming genetic

algorithm
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Tab.1 Node voltage change of the research system before

and after the equivalent

SEAETT A ARl LR
by HUE HLE ML (EAHXT RIAE
TR L . LU . s s

i 1/ M AHAZ/ WE Rz

W e/ kv
kv ©) ©) % %

4 18.107 —10.640 18.081 —10.643 0.144 0.028
5 17.929 —7.863 17.936 —7.881 0.039 0.229
6 17.690 -15.192 17.690 -15.207 0.000 0.099
9 16.882 -17.925 16.873 -17.929 0.053 0.022
10 16.824 —17.608 16.817 -17.614 0.042 0.034
11 17.121 -16.514 17.118 —16.524 0.018 0.061
12 17.290 -16.076 17.291 -16.091 0.006 0.093
13 17.195 —-16.403 17.194 -16.416 0.006 0.079
14 16.528 —18.459 16.523 —18.466 0.030 0.038
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Tab.2 Changes of power flow distribution of the branches
in research system before and after the equivalent

SHEHY EHE)E HULh kIhh
HI) Tooh HI JTery FAX FAEN
VIES IS biES ) R RE/
MW Mvar MW Mvar % %
4—9 22.205 20.132 22.164 19914  0.185 1.083

b

5—6  53.174 39.866 53.180 40.057  0.011 0.479
6—11 14.954 8.601 14.956 8.702  0.013 1.174
6—12 7.969 4.733 7.971 4.746  0.025 0.275
6—13  20.544 10.460 20.545 10.511  0.005 0.488
9—10 -3.842 5.030 —3.848 4926 0.156 2.068
9—14 5.060 4.453 5.048 4387 0237 1.482
10—11 -10.347 -3.526 —-10.348 -3.622 0.010 2.723

13—14  11.377 4.751 11.380 4.813  0.026 1.305
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Tab.3 Node voltage change of the research system before

and after the equivalent
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- Wl ARG
o | S 1
O 1A /A 1A /A
kv ©) 3% ©)

% %
4 18.181 -10.600  18.121  —-10.441 0.330 1.500
5 18.112 —7.637  18.050 —-7.491 0.342 1.912
7 18.686 -13.106  18.644  —12.881 0.225 1.717
6 18.386 -13.318 18328  -13.144 0.315 1.307
9 18.191 —-14.651 18.145  —-14.449 0.253 1.379
10 18.063 -14.674  18.015  —-14.477 0.266 1.343
11 18.077 -14.020  18.025  -13.835 0.288 1.320
12 18.118 -14.202  18.062  —-14.026 0.309 1.239
13 18.019 -14.294 17964  -14.117 0.305 1.238
14 17.672 -15.323 17.624  -15.132 0.272 1.246
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Tab.4 Changes of power flow distribution of the branches
in research system before and after the equivalent

EiEN) LA R [ KIh

HI T H1) Jrp  FARN AR

ik o o
hd i oy RO RE/

MW Mvar MW Mvar % %

4—9  13.385 6.418 13.163 6.231 1.659 2914
5—6 43322 27.082  42.836 26.745  1.122 1.244

79 25729 26.295 25985 26.433  0.995 0.525

6—11 8.593 4.756 8.406 4.658  2.176 2.061
6—12 7.382 2.450 7.318 2429  0.867 0.857
6—13 17.134 7.397 16.960 7316 1.016 1.095
9—10 3.236 7.330 3.355 7355  3.677 0.341
9—14 7.687 7.197 7.735 7.198  0.624 0.014
10—11  -5.202 1.854  —5.038 1.906  3.153 2.805
13—14  6.300 2.495 6.175 2.441 1.984 2.164
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Tab.5 Node voltage change of the research system before
and after the equivalent

A SR W

T WU HE wpE PRI A
St ey wty mey 0 R
KV ©) KV ©) RZE ix7E/

% %

4 18.103 -10.409 18.077 -10.526 0.144 1.124
5 17.897 —7.558 17.913 -7.710 0.089 2.011
6 17.417 -14.214 17.424 —14.360 0.040 1.027
9 16.778 -16.302 16.774 —-16.428 0.024 0.773
10 16.696 -16.109 16.694 -16.238 0.012 0.801
11 16.927 —15.283 16.929 -15.420 0.012 0.896
12 16.819 —14.592 16.825 -14.737 0.036 0.994
13 16.885 -15.271 16.890 -15.414 0.030 0.936
14 16.342 —17.057 16.341 -17.191 0.006 0.786
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Tab. 6 Changes of power flow distribution of the branches
in research system before and after the equivalent

A A HIsh sl
L D
D TiE ShE mhmy oL B
MW Mvar MW Mvar % %
4—9 17.863 20.658 17.860 20.398 0.017 1.259
5—6 47.491 44778 47.507 45.052 0.034 0.612
6—11 12.136 7.533 12.132 7.665 0.033 1.752
6—12 6.803 9.302 6.809 9.326 0.088 0.258
6—13 19.142 12.376 19.149 12.449 0.037  0.590
9—10 -1.352 5.578 -1.347 5.448 0.370  2.331
9—14 6.615 5.289 6.613 5.207 0.030 1.550
10—11  -7.757 -2.842  -7.749 -2.968 0.103 4.434
13—14 9413 3.631 9415 3.713 0.021 2.258
WL 2 16 FTLUE Y, IS R s R A AR
th, SECLARA L 4. 5 AN RGNAT Thish

LF) 10%Lh b5 5—6 XL ahIAH] 12.3%. H
M 5—6 nI%N, SEAEHT G FRGE I A AT R
R AR FE AR FF— 35, Ui Y A W B A 78— e
FEI ARG, R — 24 S S AUARIE R W]
T AR S U T I E R A — 2 T
Yotk HDZUEHR, TS E R E TEE
SGHTERE, Y RGiadT T AR AR R
g N BT K AEROR R, FEUAR . HR
RAEMRKABLN, TR RENSMESHE
BEATAL U
4 #ig

ASCHE T H AN EWM B SEE S 502 I B

s/ R TR, S AR M R 5 R A
FOEMZG R, —H T PRI

PSRN A S H s T ik . ARG
AL SRR AT B TR R, ESR RS RAN
WS B TAL ek, IF HAZSHIEA T 2
FISACHME, G T PRI REAN 2 DL A i)
RGN AR ES Bl v A R %N
I BOL S ARG ITUIRAS, TERAE PSR, JFXT
P I O 73 A AR A BAT BRI TP

7 FL S I WY AR ST $ 9 (R IE A P AT 2
P, BEMS AR AR DA I S8 A R AN B AR Y 25 4

RIS IR ME— 2D U W 1207 ki E . TR 5T
%%&ﬁ%%%@ﬁﬁﬁm%ﬁ%,%%ﬁ**%

SEAERERE, JFRY R 20 A S E S A
%ﬁﬁo

S Rk
(1] Wel, W, o, 5. MRS ARGk BB E
B ARG EIME, 2007, 31(13): 7-11.

YAO Jianguo, YANG Shengchun, GAO Zonghe, etal. Development
trend prospects of power dispatching automation system[J]. Automation
of Electric Power Systems, 2007, 31(13): 7-11(in Chinese).

[2] RBsFE. BORGEEE LM, L. RHgAZm s diht,
1985: 87-133.

[3] WARDJB. Equivalent circuits for power-flow studies[J]. Electrical
Engineering, 1949, 68(9): 794.

[4] KATO K. External network modeling-recent practical experience[J]. IEEE
Transactions on Power Systems, 1994, 9(1): 216-228.

[S] DECKMANN S, PIZZOLANTE A, MONTICELLI A, et al. Studies
on power system load flow equivalencing[J]. IEEE Transactions on
Power Systems, 1980: 2301-2310.

[6] NETO A C, RODRIGUES A B, PRADA R B, et al. External
equivalent for electric power distribution networks with radial
topology[J]. IEEE Transactions on Power Systems, 2008, 23(3):
889-895.

[7] WA, KR, KM, SE. AR AN E A )
ARKBAT]. BIRGABIL, 2004, 28(20): 77-83.

WEN Bojian , ZHANG Haibo, ZHANG Boming, etal. Design of

a real-time external network auto-equivalence system of

subtransmission networks in Guangdong[J]. Automation of Electric

Power Systems, 2004, 28(20): 77-83(in Chinese).

[8] KORRES G N. A Partitioned state estimator for external network
modeling[J]. IEEE Transactions on Power Systems. 2002, 17(3):
834-842.

[91 MIWIER, sRAOWI, SRR, &, JET PMU RIS S v 55 E AR
IR E L WAL, B RAZ B, 2009, 33(10): 6-10.
LIU Mingsong, ZHANG Boming, YAO Liangzhong, etal. On-line
voltage stability monitoring based on PMU and improved Thevenin
equivalent model[J]. Automation of Electric Power Systems, 2009,
33(10): 6-10(in Chinese).

[10] Wi, #MER, SR, 5. LTRSS RS
E01 T EERPLUT R AR, 2009, 29(13): 48-53.

TANG Yong, SUN Huadong, YIJun, etal. Tracing algorithm for
Thevenin equivalent parameters based on complete differential
equation[J]. Proceedings of the CSEE, 2009, 29(13): 48-53(in

Chinese).

[11] e, 22, xR, 5. W RGUAHAR P SR N A5
TSR] WO RGRY S8l 2012, 40(20): 32-37.

MU Zilong, LI Xingyuan, LIU Yimin, etal. A simultaneous equi-

valent method for two adjacent nodes in power system[J]. Power

System Protection and Control, 2012, 40(20): 32-37(in Chinese).



140 TR ST AR RIE AR AR A WS S B T Vol. 4 No. 2
[12] Bk, 2HE0T, BRER, . T P9I SO 0 i 159 i TR, 2002

[13]

[14]

[15]

[16]

SHHSEASVE A P E AL LR, 2011, 31(13): 101-106.
YAN Wei, LI Shiming, CHEN Jun, etal. Parameter estimation for
two-port external network static equivalent model on the basis of
internal network measured information[J]. Proceedings of the CSEE,
2011, 31(13): 101-106(in Chinese).

R, KA, RN, S B R Bk IS I S SR B
WD) HEEHL TR, 2013, 33(10): 64-72.

YU Juan, ZHANG Mian, ZHU Liu, etal. New theory on external

network static equivalent based on sensitivity
consistency[J]. Proceedings of the CSEE, 2013, 33(10): 64-72(in
Chinese).

L RPN RN M. JEET: BRI, 2014:
4-26.

ok, THE, %G, . MATLAB #8503 30 A %6laHrM]. b
5 AR IR K AL, 2011: 17-26.

FERRE. TG AR MR ) SR A [D]. sl sl

WS BER: 2015-04-14.

{EEE T

TR N(1989), P, W, FTEWEGTT A HBE T E T S VA,
zhang1989726@126.com;

FaNi(1972), ¢, Wi, EIEER, FEEHIT I RERC M. H
fie e, tao_shun@sina.com;
B (1989), 5, WEERESUAE, ETOFIUT 0 AR T S
VP4, Iky@ncepu.edu.cn;

HlT(1953), 5, Wit #HfZ, ELOTOTONHREEAEM. B

Lk e B A
RE T 5%

iR AE, xxn@ncepu.edu.cn;
HIE(1988), B3, M, TR, FEERFST AL A
JIHE S

WA (1985), %, Wik, TR, ETWFFT 0k R TR X i)
TR ARLE R ) RGN HAE, wenhui@sgri.sgee.com.cn.

(hH B3



