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The application to simplify the complicated power grid through
adjacent two-node equivalent method

LI Hongbing . LI Zhiyong, MU Zilong, LIAO Yuxiang
(Jiangbei Power Supply Bureau of Chongging Electric Power Corp. of State Grid, Chongqing 401147, China)

Abstract: Most real power systems are not radial networks and evaluation of the stability often needs to
establish electromagnetic transient simulation models. So the network equivalent is required first and
foremost. The adjacent two-node equivalent method, which considers the coupling impedance between
equivalent nodes, is used to realize the simplification and modeling to complex power grid. The analysis and
simulation on both the HVDC system from Deyang to Baoji and a real extra-high voltage AC transmission
system in South China shows that the static performance of the simulated system by using the adjacent two-
node equivalent method is completely equivalent to the original one, as well as the performance of dynamic
equivalent is in a satisfied level. Thus the transient system model simplified can be well established to
support research of power grid’s security and stability.

Key words: large power system equivalent; equivalent circuits; adjacent two-node equivalent; transient

analysis

Wl A T R IR R RE A AR e SRR R REIR T L M A TR s AT I RE T . A
W T AR S o A K R IEAE T B % R A RS AT O SR AT AR TG i A e
LR Y LI v 2t = A v o (et — e — A P A A AN T B R T R S R o 2
IR BB ) X FEREHR B L AR SR L AR BR A R BT SHLAR A A 0 B L T ELAE 2 R e

7 B #9 . 2013-10-20

E&TH:EEARPHA TS5 H (51037003)

EE BN 2L (1966 , 55, [ o 5 PRl vl g A WL b b L 4328 W) o SRR U, F 5 7 1l Dy WL T R GRS AT
BF e (1985-) . 5 Gl RAE & DU R 2= 1 [E  5 R T F g 2 | VLG At e 4328 ) AR L F 5 O Sk HL g
FOReE SHEH | B A 4k LR A (E-maiD zilongallon@163. com,



o, http://gks.cqu.edu.cn

TRKXFFHR

o T A B H R S O B AT R 5 K ) 4
Pzt AN R i — 2K e P R ) R
SRR RIS A8 T 0 I6 R 40 58 4 TR AN B AL b
Wt B ke, HO2, Wik, WEWN KRS
S5 it S5 L TR 4K

Hi ) R G0 A0 3B i 5 S5 7 vk R B Ward %5
. RETS(E " DL s e pg S5 (1 %5 . MR
Ward %5 {558 1%, S BT AT 45 51 b B 6
(B, F H BB 25 0 B R P, 40 EMTDC, 3 #5225k
Hor i) S BRRICR L PR 40 » BRZER BH TR 1F X
SSHBFLEET. R R RELD %46 5 3% 3t
St AR W RO 4 S A0 R B e S T
BV AR R A . A R S (E T TR R A8 R T R 4% 11
S A TRIAG AL B B b A 0N B B PR, 3
SCHR 18 I Y Y 25 F 4 o0 1 B 4 e 45 1 2 3008 B
SR SCIERL L9 JHE A P AN v L R L AGE
FE R PR A P AT B AR ME R AL . X TR 2k )
ARG, MR 8 R BB R 0 A B
2338 BT A A A0 A5 (AT A R ABE B A 2 Y 1
Blo DU, T BORR A R R 4 AR e AT Z R
B BELHC K X 100 54 57 Ak 1 I P 9 7 A S A R
M) o T 33X A 6 6 FL U K O R AE T R G0 5 EE T RN e
TE A )G 2 G0 R 7 5B S e Y 25 1 T 2R 46 0 O gt
CS N v o < v o R R e R i S
(B, TS B BT . DA 17 38 G HE B0 465 (8 1T U R 48 1Y)
SR BRI T A T B A ek A OC B AR B I 25 R
R 8 36 AR A7 1 RS ) A9 1% . SCRR( 20 148
HH — 3 T I 4% 0 I B R 9 0 S T R %
JET AR S IR RS A BT, 9F DL TIEEE30 BEZk &
SR B N1 = X T NP U I & < I ) &l TN N
SRR [

B S BR R R G AR SR 4 R LR
FHSCHR 20 T4 H A9 A 40 19 o S (B 5005 S0 B T 36
WY AL SR, 8 FH— 5209 £500 kV = IE B i
FL 2R G5 1 7 5 5 B 1 TR 58 U A FRL R 5 1 L
ST IR AR A RN EEE AR, ]
A R Bl A PR AR R R g AR AR A O T R SE
R,

1 HBMTREERZX

TEFRIE W I Hr s 5% I 220 DA TP A A 40819 [ i)
R TR 2 AR SR Ay e R s R 5 SR (R
YU BT TR BE R A R 5L WA 1 FR

%37 %

I

WA Pujo, | PIEBREE

Zl3 _______;__ -
_ I
E l
|
le I
I
I

Zy I R _
—p |
PypjQ, |

1 #ETFEE

B E RS Z, (L j=1,2,3) K
1.2 S YR 2 ) L P (= 1,2) %
7 30 4 A A e 9 S5 R T 48 A I A Y
SIE T E.Q G=1.2) WU, (i=1.2)
St R R, DA E NS,
G Y

Yo +Y. Y. q[U—E]
[ _le le JFst} [};—E
}1 Slx /{]X 1
= , (D
L, S; /U,

ALY, Gaj=1,2,3) Jg 5 4 i1 5 245 b U 2 il
BIT S5 1, Gi= 1, 2) 327 M8 A 25 (030 4% 3 i A1

B R AU, S G=1,2) 4 B3R
LR L ULLE T R (1 S
TE AR T 4% 10 6 I S 4y i) 8 H

{]1 :el+jf1;(}2 :6‘2+]'f2;é:€3+]'f3;
Y, =G, +jB;Ys =G+ 7B Yes = Gy + 7B,
(2)

RO RAR D ARSI  S5705)

L. = (G e, + Ge) — (Blzflz +B13f13)9

L = (G12f12 JFG13f13> + (Byze;; + Bisers) s (3)

L. = (Gpen + Gyen) — (B12f21 +Bz3f23)7

Liw = (G2 for TG fo3) + (Bises + Bogens) o
o ey =e—eify=[fi—[fi+iF]

HOH .Gy, Bl »Gis s Bis s Gos s Bos s ey Fl f5 R
RAE I 8 A B A 4 A TJ5 R A REAS 21 E 7
fift . P R R GG E B AT B I 2 A — U BV AL
PAL AT RAL B A D S Ay 3 D0 S B SR S BRI
BARGWRE R 4 DR, i@ s . 3RS




# 3 NUP://aks.cqu.edu G , 5 . a &) 7 ¥ & 5 4 57 ok £ 5L 2 0 1 4 o 4 5 ) 25

L GMA (DX 8 NIrfe, sREK i 8 MNARIEL.
I/lrc = (G12€/12 JFGlse,ls) - (BIZfIZ + By f’ls ),
I/lim - (GIZfIZ +G13fl13) -+ (B123/12 +Blse/13 ) al

_ )
I/Zre - (Glze/ﬂ +G23€/23) - (Blzflzl + B, f/23)’

I/Zim = (Glzflm + Gy flzs )+ (B, 6/21 + By 6/23 Do

Al = L. — (Gryers 4+ Grsers) + (Buy fi + By f13) = 0.
Al = L. — (Gos f1o + Guy f12) — (Bryers 4+ Bryeny) = 0,
AL = L. — (Guen + Gasess) + (Buy for + Bus f2) = 0,
ALy = L. — (G for + Goy f21) — (Bryess 4 Boyess) = 0,
Al e = T — (Groe 1o + Gy ) + (B f 1 4+ By f/1) = 0,
Al = i — (G f s + Gy 1) — (Bl 1y + Brye i) = 0,
Al = I'sne — (Gioe'sy + Guse's) + (Buy f's1 + Buy f125) = 04

AI/Zim = I,z\ms - (Glzf/m +G23f/23> - (8126/21 JFstelz:;) =0,

G v LD PP P (PN D (SPRDYD (ERRDD (SRR L e o
FRAELNEALHT G - PIOC T3 4% 1 SK i M T Al
SR 23T 17 A L A0 51 e 1 L PR -5 RS

FI 28 $h 50K 7 AR AL (5) 4 R T i 5 —
B B LA L g B 3, Al 4548 1E 05 A X

AG
[ALC}:[H L M N} AB (6
Al —L 'H ' —N 'M]|Ae;
Afs
) H L M N- . .
J—it':fj[il‘ ‘H —N | M}jﬂ]&cobl%ﬁ%’ﬁn%:@ﬂ‘

J7 AR A U R B RO I BE A 0 b 5E J 55
{HS R

T

ALC:[AEM AL. Al A}'zw]’

T

ALy, = [A}lim A}Zim A}/llm A}/Zimil ’

AG = [AGlg AGr;  AGys ]T ’
AB = [ABIZ ABy;  ABs; ]T s
€ €13 0
H — aA;re . E)A]im . e O e
o g]AG B aAB a *6/12 76/13 O ,
— (:‘/2] 0 - 6'/23
S Sz 0
L — E)A Irc — aA Iim — ‘f21 O \f‘Z?;
JAB IAG o fso0 |
S 00 fy

W E TH I REHAFMMEE, — B R
Bria 177 AR S E S B0 N K A AR B AR L T
RO E . X R R X ORI (4, L
SRR (58 b 0F AT 45 R BT £k o DT B A 1 DS B AT T
WD)

i 2 (3) Aial () T 15

()]
AL, _ IAl,
M = (9Aeg - 9Af3 - I:G13 Gy Gy GZB]T s
A1 EIN|
N — d re J—— m —
IAS; JAe;
[_ Bl:s _st _B13 _st:ITo

2 FEMKRZEE T

2.1 EEERABREEIT

PEBH— X9 L R G e M S P e
P £ 15 o T % ek BB R AT LS B AN g B3R
T AR B B OR 22 55 A0 9 [R] AR Jon i DX 3 1) R o4 174

X 2 oK U A S IR 8 S D] R P Rk S
500 kV £k i AT 2 i /i) B UK [ 28 4k 35 ) it
AR5+ 00 B A N S U A L T A L L
Ak 2 2%, 0 EHLAE I £L B, H TG e % DT X 2 S 52
ARG AT RALSF (. Hor s LUIES B AR K
AT R AR RGEHANNIE 3 s .

522.9 @&,

1P NE -
©)

M 53%2%7 G:300.0 / 523.0
sl Y
e 511.2
SR 5257
B /

——(0




26 http://gks.cqu.edu.cn

TRKXFFHR

%37 %

JikA JI4i TR FE
@n @ )
! | iz
ZlZ Eﬁ
Z13 Z23
Vi1 SEAEBL

B3 SEENEFTERERAZHAINE

2.2 HARERBEEXREBBREEN

WP 4 B 7R R 7 500 kV S e L AR 4 A
BEWTIT b5 LA Z 18] B U TR 25 3 R )R
A T P BT SRR [ R R S A A P R AT A
fe i fE .

HEh2

KHLT1

kHL) T2

4 EERMXREREHE

3 {mEMKSH

SFHLTMT
DM 20 5K d ) 40 B S A

T 5 B (HLIE U, Uy B R 300 5845 s A 9 3
B P Qi P, .Q. .

)16 R GEAB AT A ST 6 AT 8 P Ak . BRS Bhn K
TEJI 2B 35 55 A b 9 TE h 470707 TR 5 — U9
TR LR AL S I 40 B ELE T 1 A RIS BB

Xt L U, U AR s B 4 1 3 R A8 e
P'.Q\.P..Q..

3K Gios Biy s Gy s Biy s Gy Fll By I 9 {H %
1.

O WG RBIVIE e o /5 B EIEUE HIE.

SIB S PERAR G L IR B

B TR BRAR BE LR R R A

7 AR IR 22 » 22 UK )1 | 4 BH LIRS Y R AR
Wi B WA D ETE T A a3 i R e SR G
WE. HREARIT .

MTMHERSE LA

E = 515.885 5/ —8.549 9°,

71 4.170 5 256.259 7

Zy|= |2.117 6|+ | 45.6125]"
1 Zos 2.010 3 15.792 8

MYV HARS 2.4
E = 539.877 1/8. 267 8°.

71 3.771 6 166. 270 3

Zys|= |2.102 4|+ ;| 27.9956]°
1 Zo 1.990 8 17.843 1

SEAELHT IS A AR AR B 1Y B0 FE T A S R B 1
A LA i1 5 A ) = AR B R R K P 23 T L
Bk 1~3 prs.

F1 FTHRBESWILR

— SEETT/ SE)T/
(p.u= (1) (p.u=(H™H)
pNE! 1.038/22.0 1.037/22.0
)1 45 FA 1.037/21.1 1.035/21.0
e 4 1.028/19. 8 1.026/19.7
5 B 46 1.022/18.7 1.022/18.5
A 1.040/16. 2 1.039/16. 3
B 1.021/16.0 1.022/16.0
C 1.029/15. 3 1.028/15.1
D 1.026/14.5 1.026/14. 6
E 1.028/13.6 1.028/13.5

R RWL LS R G4 AR R S S A
AR — 2L
£2 MESHHWE

2 ZH AT/ (MV « A)

HHJG/(MV « A)

JIKH— ) .

] 299.9—j35. 3 300. 7—j30. 8
)11 47 BH
JI 45 FH— , .
o 864. 0+j60. 8( * 2) 870. 1+j62.6( * 2)
ER
R —
?%g 3 020.4—j100.0( x 2) 3 026.0—j95.8( * 2)
1 B f

A—C  937.3+j66.7(%2)
B—C  329.3—i30.2( % 2)
C—D  486.8—j43.8(%2)
D—E 962. 0+j39. 6

935. 0-+j64. 6( % 2)

333.1—j18.6( *x 2)

481.2—337.7( % 2)
956.8+36. 0




# 3 NUP://aks.cqu.edu G , 5 . a &) 7 ¥ & 5 4 57 ok £ 5L 2 0 1 4 o 4 5 ) 27

2 R WA fER AR S L 1A U 2 A A (LRI
HAGRTF— 2L

R3 BRTRLHERBRKFESFEER

g BT/ EEN =Y w2/
kA kA %

IEG1 18. 54 18.15 2.10
WR 30. 38 30. 08 0.99
A 19. 11 18.33 4.08

B 25,43 24. 69 2.91

& 3 KW A ST 10 A SRk 0 = R e i O
IKF A A L3 TR 22 AR /N (50 LA IND 5 Tl 2 55
HE K,

B 1~3 AR SEH AT G 3R G0 W W A PR RE AR
TR¥F—3.

SEEHT G R GG DRI S e R 0 FEUn R

P EMA RS 1. R E R 2 s i, fE
VS — 7 O A6 3t F R TR RV A R A = R i K
B, 2. 1 s IRF R 6 79 A0 P 0BT B8 8 ] Bk = A Bk il D17 o 2k
. Ui ELERWE S FE 6 iR

121
3
L

E 08 | J—

e ]
K

b — %)

0.4 .
0 2 4 6
tls
5 JIEPRELBEITLE

=
=
=
&
oy
K

tls

Bo6 ZKEIXBE—)HBMAEHX

T EMILRSG 2, MEBEE N 2 s I, i
AC WERTES AN 1 4b K = AR AR B ORE . 2. 1 s
R £ S 793 1000 T S )k 0 ] D7) B e g . 5 L 45 R A
K7 FE 8 s .

10 F
.
; 08 F 1]
£ i
2 06 | |
B
) 04 L — = — 4{HRT
S 0
-------- FhE
02 F
0 2 s 6 8
tls
E7 f%DBEXL
1200
3 800} |
& |
H 600 !
g\( 00 ; -------- AT
B i 1 — HEE
200 | r
0 2 4 6 8

B8 %28 DEBFIXTEL

T Ao X BRI AT TR T =K R Y Bl
A5 R R AT X L 43 AT T SR AT IS R g T Rk
Sy 0 ) sk i 17 f £ AR — 0, DR SR MRS . R &
10 ) 25 1 REARLT . 2 A (225K T FE T A R 48 B
AT RS s R a1

4 % iE

B AN 8 S UL P AR 0 R R 5 S Pl
e 52 i P AR G A IR R 2% R BRSE R T B B T
LY A TED A £ BELATE X 2% 8 5 B2 1 52 W ) A 408 7 19
AR SR 2 ) R G AR E AL .

PS5 LR GE ) R 25 SR AT R ] S5 {ELAT S - &R
G 1) T S TR RE ZEAS PR A — B TR N Bl A5 1 fE o 1 3
T IE B PRAIE  AE R P BT (4 s S 1 R Bl
YEBA PR 2 R 1 K R G0 A5 0y A5 R R ) A
ST R — A S B A T U LR L T ) i AT O R
T PEAEFT T 1 I SR

CEpd

1] XRE. % 92 R 4% & JR W m g i B 5 i B/ K
HLRIENT.  op [ g 4 2005-02-24(1).

L2 0 5k30E 5% K e v R A2 i i v o A 0 4 (I I L.
5 L R AR . 2003,29(8) 1 20-22.
ZHANG Wenliang, HU Yi. To develop UHV AC
power transmission and advance the united power
network in China [J]. High Voltage Engineering,
2003,29(8) :20-22.



2g  http://gks.cqu.edu.cn T 5 Kk ¥ ¥R %37 &
[ 3] ARIAEE. ZEM0. QDX ol o 55 B B o B B 2R 458 L Je N sh 5 % XU Yanhui. Analysis and damping of subsynchronous

[4]

L6]

[7]

[8]

[9]

[10]

EMERSZ [T, o E AL TR 2R . 2005,25(11) 1 6-11.
YU Yixin,LI Peng. The impact of weak internection of
bulk power grids to damping and dynamic stability of
power systems [ J]. Proceedings of the Chinese Society
for Electrical Engineering,2005.25(11) :6-11.

PR TL ST SRR S R R S T A A
BEAILT ], HRK 244k, 2012,35(2)  22-27.

LU Jingjing. SHEN Li, LI Boqging, et al. Research on
reliability evaluation model for frequency collapse of
power grid [J]. Journal of Chongqing University,2012,
35(2).22-27.

AN SR8 A . R R AE LR SR T AR R 5
REXFWFFE LR IR L) ] B ) R G AR 5 HE ), 2010,38(24)
242-247.

SHI Hui, ZHANG Yongjun, XU Tao. Survey of
response to LFO under the background of China smart
grid [J]. Power System Protection and Control, 2010,
38(24).242-247.

E R AR GUR LS B A SE HL AR B B AR R A
B 5 LT 0. 1 R 58 A Bl ik, 2005,29(22) - 28-32.
WANG Lu, LI Xingyuan, YAN Quan, et al. Hybrid
dual-time scale simulation technology for complex AC-
DC power grid [J]. Automation of Electric Power
Systems,2005,29(22) :28-32.
FARDF EREAL WA SRR R Z B AL
Hi ®me ARl &g A3k, 2007,
31(11):97-102.

WANG  Jingfang, WANG Zhidong, LI Xinnian, et al.
Simulation to study the dynamic performance of multi-infeed
AC/DC power systems including UHVDC [J]. Automation
of Electric Power Systems,2007,31(11):97-102.
b1y o i = P N WA I R R I A RN
WA F R B B R L], W 0 R 58 B 3 4k, 2008,
32(15) :89-96.

ZHANG Shuging, LIANG Xu., TONG Luyuan, et al. Key
the System  electromagnetic/
hybrid [l
Automation of Electric Power Systems,2008,32(15) :89-96.
TRIEHR L /N 2% 2 55 2. N B Dl g BEL JE 42 il 40 o)
HVDC 51 W R 25 k3% L], i 1 RGEAR B 5 il
2010,38(4) :1-5.

ZHANG Yuanqu. XIE Xiaorong, JIANG Qirong.

technologies  of Power

electromechanical ~ real-time simulation

Application of supplementary excitation damping
control for suppression of subsynchronous oscillation
caused by HVDC [J]. Power System Protection and
Control,2010,38(4) . 1-5.

WA 2. ZIRZHIARGRIF SR G 1 S5m0

T RS AR 5 #:41.2011,39(11) . 83-89.

[11]

[12]

[13]

(14]

[15]

(16]

[17]

(18]

(19]

[20]

oscillation in complex multi-machine system [J]. Power
System Protection and Control,2011,39(11) :83-89.
FBF e . 220608, 38 L i L R G A HL R G R 1 1 IR R
R L) . B R 4 A 34k, 2009,33(2) :96-100.

MU Zilong, LI Xingyuan. Harmonic instability caused
by interactions between AC and DC transmission
systems [J]. Automation of Electric Power Systems,
2009,33(2) :96-100.

Ward ] B.

studies[ J]. Electrical Engineering,1949,68(9) :794.

Equivalent circuits for power-flow
Kato K, Snyder W, Vemuri S, et al. External network
[J]. IEEE
Transactions on Power Systems,1994,9(1) :216-228.

Deckmann S, Pizzolante A, Monticelli A, et al. Studies

IEEE

modelling-recent  practical experience

on power system load flow equivalencing [J].

Transactions on Power Systems,1980:2301-2310.
Chebbo A M, Irving M R, Sterling M ] H. Voltage
eproximity indicator; behavior and
implications[J]. IEEE Proceedings-C: Generation

Transmission and Distribution,1992,139(3) :241-252.

collaps

Begovic M, Milosevi¢ B, Novosel D. A novel method for
voltage instability protection[ C] // Proceedings of the
35th Hawaii International Conference on System
Sciences, January 7-10,2002, Hawaii. Piscataway:IEEE
Press,2002.802-811.

R FE. BRAL . W) R Gy & & e AR E M ML
A5 B L, 1988,

Vil IVEAR L G R 55 BT AU 1 T4 S S5
BRERFEIELT ). o [ B WL T A 244, 2009, 29(13) 1 48-53.
TANG Yong, SUN Huadong, YI Jun, et al. Tracing
algorithm for thevenin equivalent parameters based on
complete differential equation [J]. of the
Chinese Society for Electrical Engineering, 2009, 29 (13) .
48-53.

fF9e, A 00U R K . JE TR S S E I 7EL S B %
RGETE L] o R A 316, 1997,21(1D) . 25-28.

FU Ying. LI Xingyuan, SONG Yonghua. Static equivalence

Proceedings

based on-line real-time voltage stability analysis. Automation
of Electric Power Systems,1997,21(11) ;25-28.

BT e A 26U X — R, A5 W T R A AR T TR
FEW T EM R B R 5 #E 6, 2012,
40(20) :32-37.

MU Zilong, LI Xingyuan, LIU Yimin, etal. A
simultaneous equivalent method for two adjacent nodes
in power grid [J]. Power System Protection and
Control,2012,40(20) :32-37.

(kK F)



