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Table 2 Capacity of each generator and model type of
governor and prime mover
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Fig.1 Frequency response curves of each generator and

main grid bus
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Fig.2 Schematic diagram of equivalent scheme of
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topological region
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Table 3 Comparison of partial node voltage
before and after equivalence
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Table 4 Comparison of active power of partial
transmission lines before and after equivalence
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Table 5 Comparison of MIESCR of partial converter
station before and after equivalence
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Fig.3 Comparison of bus voltage and line active power

Q@ BXHE(r=98.94%)

response curves

f 3 AL FEAE Ge T 8 1, e i ol H e R
HL 3 T 5 DR R R AR S S T R S W sh A Rk
TEREPRAR A B 3 R 33 (R AE S sh i R X
), R A AR TR iR E SR,
TE A T T R A 22 | LI R G JC A B N T AR
SCHTHESEE 7 52 0 sh &SRR A HE Al A Kk R
DX ] A 7 BEAR L b 55 AT 9 A AR W) &, HAR G
RBOIE T 95 %, IR ZEER . BRI NA
J& T ARG SRR R RS R AS L B RS
FA) ) o7 R P A G L, DT B 8 o A (RS B, UE P T
BRI R G SRR I AR R ST A
422 E#2

ZW 2 R R TR NG T 2) N
AN RSB TT T R B 0, 20 %
MLZER B A1 22 5, S E LA IR 25 2 5N
R R B S AR SO 7 A . T pE S
Ry A R IR K A BN A I R A R A B TE] Ry
0.1 s, fHFEIHK R 10 s, K425 H T 2w RE2k i &
AT AR O 15 EL R R

4] 0L EEAR SR TR T S HARS L



A bR AT SRR L AR R D R I S AR Bl AR T R D

0 5 10 “0 5 10
t/s t/s
OF:8E¥ @ Rk &%

@ BAXFE(r=97.92%)
®@ EHEFE 2(r=84.51%) @ REHFE 2(r=84.16%)

(a) FEMEN IR (b) ZEMEvR
B4 2k R R 55 22 N 7 2 %ot LE

Fig.4 Comparison of bus voltage and frequency

@ AXFE (r=98.39%)

response curves

A I A A I e 98 9T 0 1 fRL R SR R 5 A (E
R G HRR A AR R 3 L e —3, L R
EEL L A REAR AP W) 7 , e KR ZE AN AL 0.004 puu.;
A58 7 58 2 AR X L R RE I 5 R K, A5 e
0 3 1) R R S A (AT ) R A RE SR AR R 4 —
AR T A 5 RS0 I Iy Sk A 38 (] R 24 B
SR 4T vl () A9 i 2k B SR A R A R 0
AT R pIR MLV G 8ar BT 2 s ZJE B
HH o ) R AR, AR OC R BN 84.16 % , SFH AR K
o H UL AT UE AR SO 4R A5 7 E RE S SR AL I
ARE 15 FLC A6 far I8 45 A9 DIMR L A5, P B8 L4 3R
SRR R Bh S AN .
423 %413

LN 3 TR A 5 7 & (AR SR T 3) N
AN R e A9 T A BE VR T I 2 B8 Bir A ] PR
RE R & HAILALATIAE Sy T 338 Ry £ 1 £ Ao ifE A7 b B, O
ARVEE SA ST ZMIE . SR BN A B
R RO A0 %) 77 B B AR S T ] R 0.1 s, 45
B A10s, ESEH TR SFHIT4ER 500 kV &
ol R A T 2 TR B 2k

£ 10125 IS 500 | VASA S =me
S & O
3 1.0000 = H R 350
0 5 10 0 5 10
t/s 175
D RARE O) L

@ A3CT7 R (r=98.51%) @ AT R (r=98.52%)

@ RGEFE 3(r=75.58%) @ G HE 3(r=81.84%)
(a) HAMWHRE (b) MMHFLAITR

BE5 BREkrER LA T I MR i 23T bt
Fig.5 Comparison of bus voltage and line active power
response curves

i S BT LA Y, R e A 7 B A 3 XU P
BT, AR SC BT AR E 2 WL ST 4R 1Y 500 kV
Vil AR I B T R R B A O R T
95 % , Hat i TAE 5 7 %6 3, 5 S AT HA B 1 U
AR ARG T 2 3 h TR R S5 D %o 1
B B AT, AN BB THE A 15 A X HEL 37 S92 B 114 8 28 i iz A
PR, T AT % 3 N WIRAE YR B S SR E AT A 7R
R 225  FE s A T A I 3k i KU 5

AR (AR Jo 22 ) e S 3R o 2R B TId AR SO
BE 4 g 51 PP AR R R I ) SO I b B BT
FHER BERERT B F B KU 3750 T2 AT AR o i ) 32
Wi, T BE— 22 B0 UE T AR SCRT 4 J5 S8 A DLt , 5 (E
ZERIE ] Tt — L RA M SHE T

5 Zig

ARSCL R T R T FL I e JR A AR T R A 2l 2
A5 T 1 T PR, T TR AR HIT TS E 2L B
SAFERCHINR , ISR RSN SRR T s
#1073 BUASRE E R R L B ey bE f91) PT P AR TR
RISELH, IR I TR IR ETT R

TS TR R A SO A A5 (E 7 5L
P AN B R 2R AL, EL A% A U A MIESCR 72
PEAR/IN , BT REAS PR UE S I 2R 58 19 SCFERE T AN R AR
W 174, A AR 8 AT LA RS

BRI AT RS B SR T SRR AT S
o B2 R SR DI 285 2 10 D AR O
AT, 52 B AR GE I AH AR PR AN e A I 5 2 (L
ZA G REAEAR KRR L L ORFFHLAL [ A R IR I3 RE ) , fE
SHLE FLCAE ] SR PR PR IC &, 1 N 57 2038
#1797 R WA AR E [R5 7 5 B X g J7 L
15 B AR MU, 25 (E R SRR A - BEX R 3l
PR RN . G5 M L, ARSI R J7
U HAA B, 5 IR AR N R b

P s LA ) M 2518 (http : / www.epae.cn)
S 230k

[ 1] JARDIM J L,LEITE DA SILVA A M. A methodology for com-
puting robust dynamic equivalents of large power systems[]].
Electric Power Systems Research,2017,143:513-521.

[ 2] DORFLER F,BULLO F. Kron reduction of graphs with appli-
cations to electrical networks[J]. IEEE Transactions on Cir-
cuits and Systems |:Regular Papers,2013,60(1):150-163.

[3 ] sk—3k, B Fk . 2 U T A 199 3 28 45 (8 /9 S8 AR i (0],
L1 A 3 k%45, 2013,33(2) : 120-125.

ZHANG Yidi,GUAN Lin. Practical dynamic equivalence of AC-
DC interconnected power network[J]. Electric Power Automa-
tion Equipment,2013,33(2):120-125.

[ 4] b, 2900, X7, 55 . SO T A5 29 0y R LR & 28

fipthorik 1], AR BT R A2 4 (FHRBIARR) , 2015, 43(8) -
41-48.
ZHU Lin,LI Sha,LIU Ping,et al. An improved analytical me-
thod of generator aggregation parameters based on structural
constraint[ J]. Journal of South China University of Technology
(Natural Science Edition),2015,43(8):41-48.

[ 5] WENG Hua,XU Zheng. Dynamic reduction of large-scale AC/
DC power systems via retaining the trunk network[]].
International Journal of Electrical Power & Energy Systems,
2012,43(1):1332-1339.

[ 6] S WREL. —Fh % B B sl IR AR bR B0 Bl S SR )]
71 A Bk 54, 2012,32(9) :85-89, 100.

WENG Hua, XU Zheng. Dynamic equivalence based on short

circuit current index [J]. Electric Power Automation Equip-



212 ® 0 & % L B £39%

ment,2012,32(9) :85-89, 100. (14 W38 BRARF bR, 55 2 B 7 40 T AR G A B 5
[ 7] Rk, B&, R0, %, —F LRESH M I RGEFE Tk FEl R ms AL BT[] W R G A B 1L, 2018, 42(12)

[J]. B h H k%% ,2017,37(9): 178-184. 167-172.

ZHU Lin,GE Jun, WU Xueguang,et al. Power system equiva- GAO Qin, CHEN Yiping, ZHU Lin, et al. Strategy design of

lence for practical engineering[J]. Electric Power Automation frequency limit controller on multi-HVDC asynchronous inter-

Equipment,2017,37(9) : 178-184. connected power system[J]. Automation of Electric Power Sys-
IR RIS e - L I AR B e L P b B e tems,2018,42(12):167-172.

PR B G AR AE R ()], Hp I L BL T RE 22412, 2016, 36(8) : 2084- [15] JEZ . P XVRE, 2 SR 2T R o0 (10 0 2R e e

2092. BRI ET]. F AR ,2016,10(7) :17-23.

ZHOU Baorong, HONG Chao, JIN Xiaoming, et al. Study of ZHOU Lei,ZHANG Dan,LIU Fusuo,et al. Frequency charac-

backbone structure change from synchronous to asynchronous teristics of Yunnan Power Grid and corresponding over-fre-

in China Southern Power Grid[J]. Proceedings of the CSEE, quency generator tripping scheme after asynchronous intercon-

2016,36(8):2084-2092. nection[ ] ]. Southern Power System Technology, 2016, 10(7) :
[0 B . A TR e 1 it 524 SN % 4 Lo s,

RO GE AL BRI LI ).ty S (A, 2018,38(8) s (16 ) w3 e JA e 5 AR . o R0 T A R 4 05

218-223. B S JEREEALT]. AL S, 2018,51(1):22-28.

PENG Maolan. Mechanism analysis and optimization strategy HU Feixiong,ZHOU Baorong,LU Siyu. The practice and pers-

of active power reversal caused by abnormal measurement of pective of promoting renewable energy integration in China
Southern Power Grid[J]. Electric Power,2018,51(1):22-28.
(171 bk, DU, Wrik . HE T 552800 i )98 1o XA XL el 3 45 R A
(T]. M7 MEEA 2018, 12(6) :37-44.
ZHU Lin, WANG Bei, CHEN Da. Equivalent modeling of dou-
bly-fed wind farm based on equivalent power angle coherence

[J]. Southern Power System Technology,2018,12(6) :37-44.

flexible HVDC in asynchronous interconnection project [J].
Electric Power Automation Equipment,2018,38(8):218-223.

[10] e ki, 222, 55 MBI il IF I AR A 407
[J]. W1 A3l 4,2017,37(8) : 123-130.

GAO Benfeng, YAO Lei,LI Ren,et al. Analysis on oscillation
modes of large-scale grid-connected PV power plant[J]. Elec-
tric Power Automation Equipment,2017,37(8):123-130.

[11] WANG H Y,SU B,MU H L,et al Optimization of elec-
tricity generation and interprovincial trading strategies in
Southern ChinalJ]. Energy,2019,174:696-707. K H(1979—), 5, 7 B A &)

[12] BARHE R BE  ™EST, % SRl RIS ARG HE WL, TR TAAEN FRAEE
BUrHTLI ). LT A B ks, 2018,38(9) :99-106. 5 da ) HLRH B EAR 4R S M (E-mail .
DAL Zhihui,ZHU Huijun, YAN Siqi,et al. Modeling and ana- zhul@scut.edu.cn) ;
lysis of DC convergence integration system for PV power sta- Mo i5(1994—), B iTab A 2 B AL R

tion[J]. Electric Power Automation Equipment, 2018, 38 (9): '_J_‘Hf'?/z:ii._ i—ﬁ‘ﬁ%f@ﬁ W H RS

99-106. \V/l/ > o2 pA > 3p 2k E 3 il.
[13] #3Lbn  BRE VPbE . A P R SR A B kg LR SR R (Email:

PEAMTLI]. 1 F B4 . 2012.32(11) :46-50. scut_ep_chenda@163.com) ;\

HUANG Hongyang, XU Zheng, XU Feng. Effectiveness of short KOAR(1995—), 5, ARMA ML

circuit ratio index for multi-infeed HVDC system[]]. Electric MRE,ZZHR T WAL N EEHEESE 4 (E-mail:

Power Automation Equipment,2012,32(11):46-50. 519765449@qq.com) .

Dynamic equivalent scheme for main grid of China Southern Power Grid
considering feature constraints
ZHU Lin',CHEN Da',ZHANG Jian',LI Qing’
(1. School of Electric Power,South China University of Technology, Guangzhou 510640, China;

2. Maintenance & Test Center,CSG EHV Power Transmission Company,Guangzhou 510663, China)
Abstract: The constant development and change of China Southern Power Grid put forward higher require-
ments for dynamic equivalence,so the equivalent scheme of the system must consider the influence of fea-
ture changes. The influence of the support capacities of AC systems,the asynchronous operation modes and
the grid-integration of high proportion of renewable energy on dynamic equivalence is analyzed,and the cor-
responding equivalent principles are put forward. Taking China Southern Power Grid as the example, an
optimal equivalent scheme of main grid framework considering feature constraints is proposed. The support
strength of AC system is determined by MIESCR(Multi-Infeed Effective Short Circuit Ratio) and the equiva-
lent retention range is modified. Considering the restriction of connection mode and electrical distance, a
new division principle of coherent generator group is proposed. Then the parameters of the equivalent
governors are adjusted to make its frequency characteristics same as before,and the renewable energy
generators are reasonably grouped and equivalent to retain their dynamic characteristics. The equivalent
scheme is verified and evaluated according to the proposed evaluation standard. Simulative results show
that the key influencing factors are reasonable and necessary. Compared with the traditional schemes, the
proposed equivalent scheme is more reasonable and effective.

Key words:AC-DC hybrid system;dynamic equivalent scheme;feature constraints;main grid;evaluation standard



