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Determination method of dynamic equivalent boundary for
AC-DC power system considering security control actions
YANG Rui,HE Jinghan,XU Yin,SHI Zheng

(School of Electrical Engineering,Beijing Jiaotong University , Beijing 100044, China)
Abstract: With the rapid development of UHV (Ultra High Voltage) AC-DC power system,the impact of
fault on the system changes from local to global. Therefore, it is necessary to conduct transient security
assessment to improve the power supply reliability. In the transient security assessment, it is necessary to
develop a dynamic equivalent model for the system to accurately simulate the post-contingency dynamic
characteristics and responses of AC-DC power system, and reduce the simulation scale and computational
burden. A method to determine the dynamic equivalent boundary of AC-DC power system considering
AC-DC cascading failures and security control actions is proposed. Based on the graph theory,Dijkstra algo-
rithm is used to automatically produce the equivalent boundary under different fault conditions and adjust
the equivalent region according to the error requirement. This method,hence, can provide a reasonable
equivalent boundary for the development of different dynamic equivalent models under a variety of expected
faults. Finally,the simulative results of a two-zone four-DC interconnected power grid based on IEEE 39-bus
system and Shandong Power Grid model verify the effectiveness of the proposed method.
Key words: AC-DC power system; AC-DC coupling; security control actions; dynamic equivalence; equivalent
boundary ; Dijkstra algorithm



B SR
B3R A
B0 2% TR SR B s WA B B ) R4, LA S SR T L T
15 31 dp 2 SE AR R i FE an B AL TR

N TR S 2 Y
LIVIREVEiH
v
K53 Wbk S LR
BEE 4 0.8pu
v
PR AR R, L |
B f Sk HBRE AT |
v
DijkstraffiLH R E
IR SIS

EL T U P o e | [k B

R S fi, $&—ork| |, &Mk

7 BNV | | RN AV

K AN BT 1

ELE e,
v

AR 5 20

S A Y B 22

WAL H bR %2

153 dpr £ S E Y

Al EEILFAHERIFERE
Fig.Al Determination of equivalent boundary and adjustment process

Forp, Dijkstra HE R EARSZELWNT, 1 WSCHR[19].
(1) PR J7 2

BAFAEE G = (V,E), BRSO f o HARZ RNt SLBBUEY a;, Wi (1) fioR. D,
R MBS R BT RV A AR R, BEREUGAAPTH BEE TH AR Sl sk A B 1 d L
PR WG4 S R B Al f, U adsk S ZAMRIR I A
Begin
iy N AT R A
Fori:1~n
if te$S

index « [ 2§ e ¥ D, XF B 17T A5 4 5
Fork(v, ¢S)

If Dk > Dindex +a(index,k)

Dk <~ Dindex + a‘(index,k)

S < S+V, 4
End

{i I RL DM f 2t (RS R, S WiDEiERET)



(2) Sl .
BT 1] A2 o, BLRT Y OGEAR A B 6 WY R AL A

WG4k«

D; =0,D, =D, =D, =D, =D, =oo,S={f}

S={f},U={ab,c,d,t}

D;+a, =0+1=1<D,

D;+tw, =0+5=5<D,

D;+w, =0+ =00

Di+wy =040 =

D+, =0+ =00

D,=1, D,=5,D,=D,=D, =

5 UG

S={f,a},U={b,cdt}

D,+tw,, =1+2=3<D,

D,+tw,, =1+3=4<D,

D,+w, =1+ =o

D,+tw, =1+0=o

D,=3, D,=4,D,=D, =

FALIEACH B8 P 58 A5 mUE, T iE B P f B IR ER B 10, BT

{fact) o FIAS ST I R 2 0 e AR A 7 ) R b3 20 Rk A 19 48 48 2R T i 1) 21
Fto

e .

A

@kj\g}<%/;
‘k\é

A2 HRAEFIE
Fig.A2 Weighted directed chart
Bt B
[ AV LR 3 A IR i) 2 A X F .
(1) fa LRl A LRI, T 25 IR R M AR LA RF SR &8 C, 1y C BHEAMTIE
MRS 0 B, HARAMERBIERES N A, H— KA t B ES C, BRI
R WEAE S A A7 S U & C P31 .

PN

|Ut|=czr:+_1m
n (B1)
2.0

9 — c=m+1

" h-m

M RGN i TR -
IA YAA YAB UA
I |={Yea Yas Yac || Us (B2)

IC YCB YCC U C



a7 A [ B2k J fRRT 5 kT RN -

IA YAA YAB UA
lg |=|Yen Y'ae Ya || Us (B3)
II YtB Ytt Ut
n LJc
Y= D =Y, (b=12:-,m)
c:m+lU1

*

noU
Y = z U—C*ch(bzl,Z,---,m)

c=m+1 “y

Y :$ Zn: Zn: Uc*YckUk

t c=m+lk=m+1l

Ybb* = Z Yoo =Yor + Yoo (0=1,2,---,m)

c=m+1

(2) Mt (CSR) &, RGARLMEFATER AL (B4) Prn.

PL:Po[fs“Lfl(iJ“sz[iJJ
U, U,

U uY
QL_QO{QS+QI(U_0]+QZ(U_0]J

Horpr, Ao A0 f, 0 gg Mg, LR g, gy tE TR T BRSSO S R AL H

fs+ f|+ fz =1ygs+g|+gz =1,
ol v o)
= + + (B5)
0 Yy Yp]lU, I Is

TR AITREN -
Fobt, FRR LA 2 5 BIAOR R B R R 2 00 Rk S s |, b B R I A L
Yoo S04 467636 O AT RRAE (ARG S 1, S g SRS (PR 1 % 5
RS IEIER S
% SR AT R O, T4
L=Y U+ + 1 (B6)
Y I11 :Yn _Y12Y2271Y21
Ill = _leYzz_lI I
I 's = _leYzz_lls
b U RN 20300 0 R N R 5 0025 (P 4 T 40 3 [
PSR

(B4)

AS; =U;1", = AP, + jAQ;

. _ (B7)
ASy =U,1" = AP, + jAQ,
o, JORFEA R BT IR BB A A«
AS, =|U [ Ay =P, + jaQ, (B8)
o, AY g j AT SRR 2 4
K 3 F A 15 OR B BEER B W RIS 200 45 9, vl SR v A5 21 S R AL
(3) FAHRAHAA I —ABEHUT, FEHBEASH T
XS

VjeG



Horpr, SR TEAIFI R LI BUE 254t Ko ALK 23 54 S HUR FUBLRI % & R ALK 2
B, WEBEE S, MEREL Bbl. SR

MR C
RE= EEH

DC4
ClARMERERKARL
Fig.C1 Two-area and four-DC interconnected power system

s

C2 iR MRE
Fig.C2 Shandong Power Grid model

* Cl ZEHA. RAZSHILR
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% C2 ZERIFHMAAIRIZE (0.8 p.u)
Table C2 Relative root mean square error before and after equivalence (0.8pu)

AR R %/ % REML Uit 7e /%
6 151 111 7.29
10 2.30 178 3.72
48 2.23 194 1.21
81 3.39 317 6.13
102 1.18 318 4,77
178 1.93 320 10.89
322 1.37 322 8.43




% C3 ZERIBHMYARIZE (0.95p.u)
Table C3 Relative root mean square error before and after equivalence (0.95pu)

B MR R7E/ % KL iRz Y%
6 1.47 111 7.27
10 2.25 178 3.65
48 2.16 194 1.17
81 3.34 317 5.78
102 1.13 318 441
178 1.87 320 9.74
322 1.32 322 8.28
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Fig.D1 Dynamically adjust equivalent boundary



	4-8优文推荐.pdf
	202004008
	202004008_附加材料

	附录修改提交

