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Nodes vulnerability assessment to power grid based on action security margin
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(1. School of Electrical Engineering and Information, Sichuan University, Chengdu 610065, China;
2. Sichuan Electric Power Company, Chengdu 610061, China)

Abstract: On the basis of the existing research of vulnerability, an index of nodes contingency action security margin is defined for
the security assessment of the power system. By combining the index of nodes contingency action security margin with the
assessment of the nodes vulnerability, a new index of the nodes vulnerability assessment to power grid based on action security
margin is proposed, to assess the nodes voltage vulnerability result of expected contingency. Simulation results on IEEE 14 and IEEE
30 testing systems indicate the effectiveness of the proposed vulnerability assessment method, considering more comprehensive the
relay protection, by comparing with the index of nodes voltage vulnerability only considering nodes voltage margin.

Key words: voltage margin; action security margin; nodes voltage vulnerability; vulnerability assessment; vulnerability assessment

index

S TMT712 1674-3415(2010)08-0010-05

Ly A FRAR LIS L RIS s SCHRTS] T2

0 33

FER W TLIRRR JE [ 20 5 vy LUK g i it e
BOSHEREESAE, RORBIH 29K, 49 @
ok, RAINZEMZ, RGNy i E %=
FRAEN o o (0 e 551 1 R, 40 Ay o g 22 4 ) 0
I3 AR, HA R

2 G5 PERIE TR ) 3 AT i R A O
WA FE ), i bR MO L B oy OV Y
S E PRI TE— BB Y R ) L s G 55 PEREA T AT
TUo [E AN R SS PE (RIS, BT ik
BRI RE PR B TR S SOk (4] 42
FBE R B R b e S AT RO HTREE K i H L

BEWA: BRELAMBAILAEIR (973 X)) AA
(2004CB217905)

AT IR A RE BR B DL K 2 4 DR AN I RIA T 1)
FABPEAE JARFRRIPAY f s 22 4k o SCHR[4-5T AR
e BR R e, Mt PR IR A SIS T R
HURIESSTE, Ak DR RS2 Rl oD B 50
N e PR A T AR SCHRIO] R TR
HL I MU F b A R GEANRE VAR RV T HL I e
557k
PTG 55 VE VPl A S 0 I b A% ol
M PERAE T RIS PEHE Y o 19 R LA
F SR IR S I FOIRAS B R I 22, TR0 A
AR R G AT AT H R AR BE AR 1A P LUK A [l
APIASEE A LLESANR] Y 87 HL s A E AR 23 AT AR
G VAL — R . RGN
S5 1E 731 I 12 N AEARR 42 J5) 1 £ AR St 402 m] g
FEACI SRR 5340, AT DTk e A



W, AF

T B2 A A LY s HL S JYE 5 PE VP A -11 -

PR T AT S B AR R AR, T
IR B B A AR 1 )R R 3 BOZSR R AN BETH R AR
VEFIR R AT, TR TR AN R 9 a0 F e
SHVERIAZAL, N A AE R R

Bt IR SEA, SO 8 AR SRR T R
FIF BRI TR m e s PR, e SO T ks 1
LA, LGN AR eSS PE PP AL EAT 2
b JHHE RGN RO A AT A
O 0 BT (10 4k F PR 47 S R Bl 1B SRR
o FEr I Rt SOV LI 8] (10 AN AL L IR TR
AT, FR e rh Y A AR BEAR v, H—
HURASG  d T s BRI () S A 3R IR, 01X
S AT O AT RE PR LM IR 22 4xis 4T, A
SRS LAY 87 FL A P32 DA 0 e HL s I 55 P PR VP At
AEEANGG K . T Rk ) A R 5 A
e 7 (DR B A LM WAL U B4 2 0 R 8 & A 1Y
s S L RSR IR Y r i AR AR bR, RIR S
B2 AR BRI R R eSS PR PP b, X E
X PRUAB AT 1 e HL s R 58 R VA 4 H

1 HRBEERERR

1.1 BHRRBBIEL MEEIARE (PNFA) BAKERTS

R RBEE

AR IR 99 PR VPN — M ad sk h 500 i el A
A T T VT A R e A IS P, o oG
D RAG I 0S I  ER A SR . TE B S R
AR PRy PR ARG R ot L TS A R ) S B 3 MK
B e R g, RIS S e 7 R
PR FIAER 575 . L8010 PNFA k2 2F
TR, VP AT IR KRS s, SCER[12]7E 1L 4
PNFA Sk 0 3ent b, 5IAN TR o, 2
T VTR RIURE B o AR SO SCHR[12] 1 B2 6)
I S H PR A v HEAT SRR
1.2 S BERERER

I FH SR TR AR I s A T A &
(1) FEL A8 5 H b«

k k
o S
A vE Ok SRR v ol iR
THECH I A R RS vf R R kAR ¢ IR
H AR o (1) A 2 11 AR T S 0 22 A v s e
(1 LUA, Bt e it — 15 RO BE 1) e PR

2 TRBHMHMEREREIER

AT A FL T A PR B AR B R L S R AT
(K2 A RESE, (EAERY F 2 B EA T MG 58 1 HE e ¥ e

vk =

1% SR =4 482517 w TR TT R F A3y 5 1A T T
B BATHER A UBAE A RGBT IR N AT 7
B, BET AR A Z MR 1 RS PE AT SR VP
fitio — bt T EEEH D RS R ERAE. i
IR, AR R B AR AN RS2 UK
R 25 15 3 AT R, 00 3 G Y 3 S HL S
RO HIIATEE, IR RGN 59 PE I VP s R 78
93 2% 8 R G LS AR B A R TA] o AR S
WA EPEF B R, 2% HEY U 8 A s A
ST RN B L AR AR R

XA FARTIUAR S HOR YL, SR S B
I T A R 12 SO0 AR SRR R 1) — A T
bio ABBUR LRSS /L EADERAZY ST SO
TR SRR S I SR BRI R R BRI 1)
Hr AARIE, T S A S B
((EREPSE 0 GV ce S TS (o4 o S &R
DN, 58 SOZ TR b Y AT B A 2 A AR b
H

Ck= olesica / Pul 1+l )

e py B RS GMER, hbEisfre
AT s Tk R FHIN T SRR i S0 B I
)5 7k, SRR R GE 1Y RO S i ) B2 T B
lo 2 RGEAEN—FON, AT A 5
T R IS )R85 PR R 3 AR N T 2 AN R 1) o
KQAH,  py SEMF LR R ERR; HAl
TEARWIE DL T, 7l AR ik BN, Gy
RKIBIE L AR BEARBROR, 3, AR T K
FGN T R BIAE AR TR AR . X R OC R
5 SBR RGUARAT A, BITRALSR R0 R S5 BRI
()RR AT T A SO S B BRI 1), U S
B AR I TR) S P SRR 2, Y s B I 0
I R

SR & AN L AR, W B A
/N KT S SCAE RS BRI 45 52 AN 5 PR 3R K5 M
FAEIEIR, B RAGARGE, T RshE e
M BER I F A BEE BRI I NG 25 RO AT
ENAE 2 A N, U Y OB I S R ASeR
A&, RS .

3 TRHEENESEEITHEEIER

TR L A BE R AR v * R (R BB S AN R Y
SRBNAE 22 A BE T AN RS 1Y L AR FEE PR Y A o s
WESS FEFRRR pp o TGRS J ARS8 R LR I 55 1k DF A
¥y F AR -



S12- Y EL R R

, 1
Pk =%~

k k
— Vcr - Vs
K

k k
Vcr - Vt

€)

S SCHUALER R ¢ R0 ik B E 2 et B diR
PRI 7 R B4 2 A BEXT Y R i B e 58 P K 5%
WA pf :

Pl = = i+ )T 4)

H1 2 3) A (4) 75 2 VP Al 2B i 5 e s
HEss Tk LS Fabs ol A

Pin = Pk + AP (5)

Horbre DUME 59 PEVPAL FR bR o 45 0 255 4R AR 1 il
i, R EE S 8T AU g o N4 18 5
IR X i 55 T FE AR (1 5 e B Ao, — AR Ry ik — 20
Mibdabr. EmlEss b Z RS Ha; A N
WREL W EEATRARI S IR DAL K S R
HEATHEH, MR 22w DA o) = e sh A i ) i Rk
TR 2. MG AT L HEBORES T R
2t R e ] I S SRR I P I B Bl R S A 171 pi
MR MGG RE,  FERRYE P TS I 99 BE 0T SR8 N 25 g 15
MUPIMESGTEREATHE T o XM AR TR G0 A
e i 55 B R HE PP 25 DR R 745 i AEAN [RS8 R AN ) )
VB2 A P 5 T A2 — 58 R S
4 BHISH

T MBI EZ R SRR % 18 T s
V) DA % = i A Ak 26 P 7 T8 s el i 559 8 1 11 1A
O8N T LIS UEET TR AR RE A R R IR
3 THT PR 28 00 A 0 4 o B T 599 25 HE PP b A T it AR
SCIYH TEEE-14 715 sl REEHE A AT IEEE-30 5 mi R 4E
A 53 R R A I TR) DA S =0 A= 2 1 7 T
S PR ZE EAT Y AOME 59 BEHE P IRIE
4.1 EEE-14 &1

PLIEEE-14 75 i R A1 (B 1. Hrr, F5
1 A P s, 5 20 34 64 8 RN A, b
AT PV T . A 3 B S S AR I )
(RS2, DRHKE py BIHCH 0.1, 20K 1,

o, MR 1 EE, FIHAKXOIHEBATT
T BN T A P R T T B AR ST A A P T
R S B AR AR o, WIER 2.

B 1 IEEE 5l 14 Tim AL
Fig.1 IEEE 14 bus system with 5 generators

R1TRBEE
Tab.1 Voltage of nodes p.u

R 4 5 7 9 10 11 12 13 14

Vk 0.995 1 0.996 | 1.028 | 1.011 | 1.009 [ 1.020 | 1.016 | 1.015 | 0.989

Vk 0.987 | 0.989 [ 1.019 | 1.002 [ 1.000 | 1.012 | 1.009 [ 1.007 | 0.981

Vk 0.748 3]10.748 70.744 2|0.708 6{0.697 610.710 7{0.705 3]0.694 5]0.660 3

R2 P AMEREMERNT R BIENESE iR
Tab.2 Voltage vulnerability of nodes without

action security margin p.u
febx | 4 5 7 9 10 | 11 12 | 13 14
Pr |1.0335/1.02011.0328(1.0307(1.020 8 [ 1.026 6 [ 1.023 0 1.025 6 [ 1.025 0

o A i, SRR REZ 5. 7. 11
S i TRRETE BRI ] A 0.10 s, 1A I 125 A H
HURIREZE 40 94 105 124 13, 14 X3k i 3 Eds
BRI ] 0.15s, %15 m (11l S BRI )44 0.20 s,
H = (4) AT DA 2075 i Bl A 2 4 0 1 e s
SSPEMIREMITEAR o), PR 2 M8 R (G552
KL R R G SS PR G 99 4R AR o, sk
3B,

R ITRIMEREHMENT S BEIREEIEHR

Tab.3 Voltage vulnerability of nodes with
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