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Abstract W ith the development of the nterconnected power system in China the voltage stability of AC /DC parallel trans-
m ission system needs to be researched Taking the modified wo—area four— generator power system for exanple the adm it~
tance model algorithm is adopted to calculate the static voliage stability lin it in load bus then the nfluence of parallel AC sys-
tem strength on voltage stability at mverter canmutation buses is discussed by means of load margin and eigenvalue analysis
method Based on the electramagnetic transient simulation sofware PSCAD /EMTDG it is shown that in heavy load condi-

tions a strong parallel AC system is beneficial to enhance the voltage stability at conmutation buses

Key words parallel AC systan strength; voltage stability load margins eigenvalue analysis AC e parallel transm ission

system

FESES. M7 NERIRE:. A XEERES

PR HVDC R GAEAE ML R S A0 L%,
NTTTE R B ELIC L R, 32 LR R 48 Z A A
YERT, JEHZ 55550 R GBI 23k i A Fa

EYE S ARE S BEEMERE AR ES &
Fla i, Horp, S EIRIE A WA R R E Y RAS

[F] T2l 28 it I BN LA FBL D |l T RS LI R L R A
BAER 8N TR . RIS BRI
W R R R AP R A IS X,

JTAER AT H R G R AR e R 2 07 16D
A TR AR S B R TR B
B R, sk [ 114 W i oK o ot 2
(MPC)iE 25T i K] Y. AR (ES-
CR ety & i I Fe o P JR G080 » 5 7 i 28 I B2k
MR EfR e YR, SOk [2 1P R ER S N
(VSFYERET IR R, L VSFhfa e PR HI9E,
FUTRRAGH dQ /dVATHEIR, A BT FxX mifh iy
R R GUIRS R R AL BN R R BUEAE
RS E R BRI, SCER [3 10 [4 e T far

gEs ﬁ’, BhIfi H (50595412); .%ﬁﬁ
%ﬁtﬂ%ﬁ%?m %* ﬂf;xﬁa (2004@3217907)

. 1003—6954 (2009)01—0005—04

FASERERT 3FHILAY HVDC RS ThE MR E
BFFERR W, 42 T ALCHE R u&tﬂéﬁ)‘%ET
FETT M TR BRANE AT REE. STk [5 it ie
T HVDC RS Ih&R Mk E Mﬁﬁté’]ﬁéﬂiﬁ%
LR A% ) B4 A SOk [6 16 HVDC R40HY
AL MEBLR T T 0. 421 HVDC A L R 2R R AL
FZHT Hoptrr 1 S 2R A2, STk [7 10
T SR AL S A SR T EIR RS &
Fa e PERI AR

THEES N THALERIFKRGE B IERE
P BT SR F A faT e O, fE e BERE B AR RS
SRR AT bR DA M RS R e AT T k. A
JETEFRREE A5 B F EMTDC /PSCAD -4 k., 3%
T POHLFT X R IR A Ao U RAE U
ik g O e R T S A R R R R O
HRAEEE S S e R R e e
SRVEANIHS HEBR ST I 22 55 5 3 ) 100 28 0 4 3t B2k R
JERIEM, /e Flf PSCAD HHAT8h S5 B, 451 %
BHAEE Sff 550 1 S5 FF BRI RAAF TR ER F
Gitim B R R R e T,



% S2E5 1
20094 2 A

e hEAR
Sichuan E lectric Pover Technology

Vol 32 No 1
Feb , 2009

L ZEFOFRARRF S B RE VDT
FEARTY
KFIE L E 5% HVDC 558 i e IR (ST
FAC)MIZCEL I RGBT 7 RAH A
SAESR R AR, IR A MR B A
VLIZES

U,26, U, 26,
P Q ’ _’Pll‘ QIZ A Pzp Qz]'— | P Q
Sy z Pdl 1

PL]’QLI )
B | B% HDCEXREARARZERRAEE

2 SR ARGRERI AR SR bR

N PLZ’ QLZ

— e, SR L (SCR sk SCHL LI L I o
R TR ETERE

Ssc
SCR =
Pax

Horb, SRR BR R ST A B Py 2 I 0l 1 A
it B v TT A MR RAM 38 R A 8O
FELE

ESCR :M; :
dN

FETHE 1§y SFACZHRARGEA, h Tit K&
IS il L 28 7 56 55 R R X I B AR R 2
XHLE LC—DHF AR JFIR I R G0 3R 46 A
(Pamallel AC Systen Strength Index), PR IRFHERAE
TAGAX T B R GHRE

PACSSI — e
Py

ool SRR BRI AT R AR S A R
3 AR B

SR RO R IEACH) )2 I A IR AR E T
FRAR . JET A R i 1 o A PR TR AR S 0 A T
SR/ AR R R R R SR B IR AR
KV IR 4 R PRI RRE MR . ST
A R MR GRS TR tH R 1 R

6o

ALK R s DA s 32 20 13T LTS A 15 A0 T 24
AT B R A I8 A A R B B BIRR 2 SR AR
3 SR Y Sh A A bRt S T B R S

pt P()]’
K PR IR DR Poog 19 i R4 ATHYZ

(FRZES

SCHR DA QAR R o E AT A
NN, NFIR - e W KT g
TR AT R R L S R R G Ak
P a2 AR PR HER SR G 25 PR S AR I 77

4 RPEAE I AR A S F T R N

HFE LFPRE SFACZRFRAL iR TR T,
WA AT BREL

0=7p +P, TPy, — Py (1)

0=0Q: 70Qu TQu TQu —Qu (2)
LSRR RS

0=7pP, TPy +P. +Pp (3)

0=0Q: TQx TQ: TQr —Qa (4)

AT (1) ~ (4), HARBHARITR I 2SR

Bk F A EN 0 2FXBNHERBI RGN

EHERT LUHERE ol T

A U]
[AQj :|: Ju Jlj U 3[AQ]:JQVM
AQ o M| AU U
Us -

()

W TALEERE Jo A TR R -

Jov =MAN
X MAT NG AR I AR AR s A T
FRIEEARE, B A (5)FR R LAl 1S .
AU, 1
. ITiAQi
XA A IS MR D QSR i Th AR
LR A QN NHEA L E,

HEFE Jovi/ MR E A EIBUE SRS B R 2
K Bl MVSFRT O RBIRG A TREBITIRE,
MV SEHUN, U RS HRAE 24 det( Joy ) =AML A 45
I OB, MVSF&IE T 695 K. R4 THRHEAT
M TIRAS . B, AT LSRN A Jo i B /INRFAE A



9 3255 1
20094F 2 A

JIII::Rpa 3 S
Sichuan E lectric Pover Technology

Vol 32, No 1
Feb , 2009

AR ARG TR EM: 2 A —0n RETRE: 4
A =OmF, RGEHAE: 2 A =0y, RGEAL T AL e A 15t
e AORAS . A RIRE I e T RSl i A e
AIREE

o AT

K 2B i DU B P XIS B O Bk & G ik
TS M B i,

10 11 3

: S %

B 2 EOHREXESNZERFRRGR

Gl

—— oo

MG SCRk [4 B2 ALCI(Active Load Charac-

teristics Index 8 b, i & TH ) R N R G i
AHE AW FEE, £ EMTDC /PSCAD V& L, 58 It
ZHME GRG0 Hi e Rk HTEGERIAL, 4
KK EhRizdT P, =200 MW, 37 I 12 B i 7
il A AR f Y =227, s i oA IR AC T
HARIEEES, 78 ST RGBT 40T, s HU
TR 73T 75 15 R Y I B SS IAL BR G R R 3 AR
M BEL R R e PR S, A e R H B T30S
i, LS IE TR 2510 A IE A PE
o 1 BRSO
S 11 MXIAREBELSHT

IRABHTIA R & S THE S AERUE 1817 2%
AR IR R SR AR BEER 9B DI R R R 7
alangk 1Mk 2PR,
x 1 SHBRNBRERILEFRTRRGRE

PR Se Stz Q. Puy

& (km) (MVA) (MVA) (Mvar) (MW) For PACSSI
1 120 3500 1127 450 200 15 25 5 635
2 220 3167 7516 450 200 13.58 3. 758
3300 3026 597.6 450 200 12 88 2 988

® 2 Bhing%k OWWIRRNESHERE

E Bl B (k) Ppy(MW) Ve (pu) Ky
1 120 2103 2 0. 877 1 0. 190 3
2 220 2 065. 8 0. 888 9 0. 169 1
3 300 2 053 2 0. 905 8 0. 162 0

H PR LA A RIS I AR S0 SR, U R
S LR, it PR RS E R BRI E — /Y

LT ST SRS ISR AR GE0m 5 (50 52 I
ST ARG INFESARIG A, IR SSIR AR SR ELIR &
R TCINSHr A B TR m R B AR T
5 12 ApfEfho#r

R 34 T XA L 3P DA ] — 97 i K
TR BEER A MVSE T 4 025 T AR [A] S far K
PR

® S BRRBRNRSHEERBMERTF

FRIAE (p w ) Case 1 Case 2 Case 3
Sy =17 67+jl 0 0. 074 2 0. 076 2 0. 077 6

x4 BREBRISEE
FHIKF S (pu ) 16. 786+ 95 17. 67+ 0 19, 437+l 1

Case 1 14. 541 1 13. 469 7 10. 774 2
Case 2 14. 305 8 13122 4 10. 019 4
Case 3 14. 174 0 12. 882 4 9.522 1

H PR 3 BT v 0 7E [F — AT K R Case
L2 G i B LAY MV SF fiz /N o e P e i
Case 2RGIK 2, Case SRGt 5 : b T far ¥, =
T 0 4t B L A P AR AR U ik /)N » ZRBH R I R e 1
2255, 3 HIS PR L2 AT 2L K,
5 2 RHRAES R

Bk SFEIHFE AMIAKF: S =17 6743 0
WIIBAT 2 2RI Lol 8 i A A = AR IR B 422 b
B, 0012 of5 YIbp ik, Hab i REL A B 3% 43 1
gl 3~& SPR,

1.1

Volage Magnitude in Bus 9

—casel

1

08 1
; 0.8 4
g o7 1
.

0.6 -

0.5 1

04 1

0 1 2 3 4 5 6

7 8 1] 10

tim ofs)
B 3 1B iR EEER AT 2)

i Votage Magnitude in Bus 9

1

-~ 09
o
8
.

g 08
°
s

0.7

0.8

0.6

) 1 2 3 4 5 0 7

tim o(s)

B 4 B0 iR B EEER GEATF 2)

——case2

8 9 10



% 325 1
20094 2 A

M| hEAR
Sichuan E lectric Pover Technology

Vol 32 No 1
Feb , 2009

Volage Ma gnitude in Bus 8

= cased

voltage(p.u.)
o g
@ ®

bt
~

06

0.5 e n .

1 2 3 4 8 7 8 9 10

B 5 BR SHmRBRNEERR GEAF 2)

HiB S~ Sl BT B AT 7 I 64
KT ZRREZ NG, BELRIERIAER D
IEH R e PEARR AR

TN AE SR S =19 437+l Lisg7 5%
T~ N FE R 0B Heift BEL R R B el 6~ 8
B,

Volage Ma gnitude in Bus §

1.1
— casel

1 f\—\, l

voltage(p.u.)
e o o
~ L «

$ Q
a
1

05 [- s
04
L B | L <A, L I 1 s
[ 1 2 3 4 5 [ 7 8 8 10
tim e(s)

B 6 185 RSk BEEER GIEAF 3)

Votage Magnitude in Bus 8
1.1

——case2
1
. (\—\N
-
3
.
o
2 o8
ol
0.7 J
0.8
uju 1 2 3 4 8 7 B8 9 10

B 7 B0 2R BB EET GEAF 3)

14 VolRage Magnitude in Bus 9

T cased |
1
» r\'\/\ﬁ
2
-3
.
s o8 1
2
S
0.7 J J
0.8 [
0.5 L
[ 1 2 3 4 5 L] 7 8 9 10

tim o(s)

B 8 185 SRSk BEEET EAF 3)

.
oo
.

el 6 ~& ST A, R GAE HE 7 far iz 47 5% 14
T, Case 2F1 Case 3 By ¥t B: 26 H i e o 5 T sk
5§59, JLHSZ Case 3 HLEJE BB IE K {H Case 17221
VIV NS NEEE PR SR b G A L SN
AR T B R AR E . SV 2[R — 1A
P 3X SH (0 A R MU ki)

6 4 i

AR FR S AT R BN AS O B R T IR RC

T 2R 5 R 0o 0 2 4Gt B 2 PR T AR MR 2 15
HEL TR,

(D)JFFIR ST A G850 BB, U 28 8 8L i L
R it R A R E R B OK

(2Rl e A 1 N i BEER B0 F T R S0
K RGBT ARE:

(38 HFIRATIR R GE 52 T A KV R BOR, AN A
T B AR S

(OIE—E M HIR RT3 = IR &
GURIL (EATRS 52 3 5 A SR R SRR, T
INERAZ I R FER FLR AR S0 T S0 A B TR it
i BEZ R P AR E

SEH

[11] Amsworh JD. Gavrilovic A Thanawala H L Static and
synchronous canpensators for HVDC transm ission convert
ers connected to weak AC systems [A ] Intemational Con~
ference on Large H igh Voltage Electric Systems [C]- Inter
national Conference on Large High Voliage Electric Sys-
tems Paris Fr, 1980.

[2] Hanmad A E A canputation algoritm for assessing volt-
age stability at AC/DC interconnections [ J], IEEE Trans
on Power PWRS 1986, 1(1), 209 —216.

[3] Denis Lee Hau Aik Andersson G- Influence of Load
Characteristics on the Power/Voltage Stability of HVDC
Systems Partl; Basic Equations and Relationships [ J],
IEEE Trans on Power Delivery 1998 13 (4), 1437 —
1444.

[4] Denis Lee Hau Ak Andersson G-- Influence of Load

Chamacteristics on the Power/ Voliage Stability of HVDC

Systems Part 2; Stability Margin Sensitivity [ J], IEEE

Trans on Power Delivery 1998, 13(4), 1445—1452.

(T#% 3R )



55 3285 L JIRAHER Vol 32 No 1
20094 2 A Sichuan E lectric Power Technology Feb , 2009
4 g'ﬂj: I% [3] ZFZRWE, MR- R T BEAE AL IR 0 BB AE 57 A T e A B

KA PSO B X K53 7 FE 0 S H G T H K
iRt NFRADE TS SE P s T RR R LA AT
W0 TR E . ORF PSOGM (L L & w c) HEAY
3 BN A F R AN [ A% 1 b e g £ 47 A S0 00 )
A, TR BB AR TS GM (L 1) BEAL
PSOGM (L L a w c) #RAYTT LUK Hb 5000 2 A 3L
FEROG KRR T AT EANVGE AR PRy D s
ufar )74 I3 F T B0 far G K A 7 471 e
fRT GM (L 1) BEARIEY /R M. BA — e i N A
B, AELRARES —ERERR, ' MTHRE
AT IREBBISE B4R R oG R
AT R G5, T EE SRR R TR H IR B
TR FEEEESHRD, EABEEATERES S
By, RS R, BRI SR
BRHE, R AR A R i — N EERA

SEM

(1] MEIg RE TGN e [M ] #1142 TR AR
#t, 1992
[2] NiuDongxiao “Adjusment gray model for load forecasting

of power system, ” The Joumal of Gray System, vol 6,

i [ ] SRR FRRL 22 2007, 15(1), 6973
[4] ERE INRZE, by & il Dok sk2e K 6o BB
U4 G BT e R [ 0] ) RS B
48, 2006, 18(1), 86—389.
[5] PR JKfa GM (L 1) BBy AL Ir ik [ 1) 48
BR¥¥M, 2001, 14 (3), 161—163.
[6] J Kennedy and R- C Ebethart “Particle swam optin iza-
tionProc IEEE Int Conf Neural Netwvorks Piscataway
N} IEEE Press 1995 pp 1942—1948
(7] BEEWI, AN B 0 BORRERIY [ ) ALS B2
%1, 2004
(8] ERULL 4%, 5K 5 M- IR0 2R GEBRAE S T 4F ] P B 7
I B R —AS [ T390 k4 3 AT B [ 0] R P 4
A, 1999, 23(2), 15—18
[97 AR IE. W6, B H ) 6 T A % B
[M T L5 o oy B 1998
fEE A
BAE (1983 ) B HLFL L. L EFLHAN L)
AR AN EITEAGE LERE,
BB (1965 ). F . W . #x. 2Z2AFRA A% 89
o i EAUEL R F 7 d & 5 AT TR,
WFEHHEP. 2008—12—10)

(B#% 8T )

[5] DenisLeeHauAik Andersson G- - Quasi—Static Stability
of HVDC System s Considering D ynam ic Effects of Synchro-
nous Machines and Excitation Voltage Control [ J], IEEE
Trans on Power Delivery 2006, 21(3), 1501 —1514.

[6] Denis Lee Hau Aik Andersson G-- Nonlinear Dynam ics
in HVDC Systems [ J]- IEEE Trans on Power Delivery
1999, 14(4), 1417~1426.

[7] Canizares C A, Alvarado F L. Point of Collapse and Con-
tinuation M ethod for Large AC /DC Systems [ J]. IEEE
Trans on PWRS 1993, 8(1), 1—7

[8] KundurP- Power Systen Stability and Control M G raw —
Hill Inc . New York 1994

[9] Semlyen A, Gao B Caleulation of the Extrame Loading
Condition of A Power System for the A ssessnent of Voliage
Stability [ J]: TEEE Trans on PWRS 1991 6(1), 307—
315

[10] 3K38. RCHT- 9 a v R A I AR AS AN 55 35 m i i 2

[J] EBHLIHMR. 1993 13(6), 40—45

[11] 5K38, RCET, PR 2 ks it i A e B BIR A 3 it
BBk BRI [ ] P B T2 4. 1904, 14(6), 17—
23.

[12] Denis Lee Hau Ak Andersson G- - Voliage Stability A-
nalysis of Multi— Infeed HVDC Systems [ J]. IEEE Trans
on PowerDelivery 1997, 12(3), 1309 —1316.

[13] CIGRE Task Force 38 02 11 CIGRE Technical Bro-
chure. Indices Predicting Voltage Collapse Including Dy~
nam ic Phenomenon Electra 1995(159), 135—147.

B

fetatl (1986 =), o, LA LA, TRF T FH QAL
Aot HERAB R,

FXR (1945—), 7. & WA §)F, FPEEM LS
2%F EEERZ AR AFLHAGRTEEMNFFTEY
R TAE,

gAek (1984—), § . ML L E£. LRH T T QAL
Ao HEH,

W OHE S, 5. MEHTE. ZEHAF AL A
G ATt AR,

YFE B 8. 2008 —12—15)
«.35.



