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Study on voltage instability criterion based on dynamic measurement
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Abstract: The development and applications of wide-area measurement system provide great potential for online assessment of
voltage stability in power system. The study of voltage stability is considered as new challenge based on dynamic measurement.
Power system voltage instability mechanism is explained based on character of P-V curve and V-Q curve, and the criterion is given
that be able to estimate voltage instability by following dynamic measurement. The criterion can be used to estimate voltage
instability according to the trend of change of current, power, active power and reactive power after disturbance. Moreover, the criterion
has the characters of clearness in principle and convenience in application. Efficiency and correctness of analysis methods and criterion of
voltage instability that proposed in this paper are verified with numerical simulation examples under different conditions.
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Fig. 3 Relation of load voltage, current and power

IR T B PV R g S, AR A R A 75
HIFE R FERIH -V i 2k H wir i s AR .

Lra o re P-v 2 (B 3)F1 -0 #hZk (K 4) 1%
Pk, AT LA e R R R AR AR . M RS
A Yyt R D)2 fs, AT R, SR
T B AR B TE T Dy A SR S BUE S DA BT
TR NS ETC Y S o BT, IR
TERCT B O, SRR R .
BEAEA Dyt Dy 2 M PR 1 ) i P R B e
IR B 55, AT EUIE A S RTE Dy e [R) I BIE A
B, SEBRRIRRTY 2 it 455 P-V R V-0
i £ (PR T AR PR AR ) R I R

QA

A\ 4

4 V-0 ik
Fig. 4 V-Q curve

2 REXRRUEFIESH

AT R A R A AR L, A5 R A
SU e S N2 3 SV SN/ S N T N N SR N
ETt, HARASE AR 3 1% fhZ ARt A, [F
I, FESEIIIRI T T DA 0Bt R B AN BT

T BRI R R A B R A K 2y
A, DRI s R AR ) B2 BN B AT
WL ADIAES. AR, JCTh AT DA
AT LU R R tang. EHT P-V IIZe A0 1-0
T2 S RO B AR vE, i il R Bl &
. EshAERE, RIS A DR E R



e, 2F

He 1B AR U SRR IE T ST -33 -

W, D kA . Tk X — 5,
DRI I 2% RE 4 1) 3 N AR sl 2 R A A B3 B A
Joi, ATPREREFFIN (R BOELE 0.25 s, BIHEENIE 0.25's
FEUR AR F AR 1 B 5

AT H U R A

JlPa: PLAhEEWR 0.25 s o, AR I kv A
B RGL. DIRESERBLERRAA: [, -1, >¢
&P, —P, >¢&tang,,  —tang, >¢&, HFREEW AR
TEEET 0.1 s5 WIHERKE. ¢ A—PNEH/NMAIE
£, LA 6=0.001,

IR T A S W R SR AR LB AN T R
TEE HL s T TR

3 HUEESH

L 8 Ml EPRI-36 17 s & 48 M 933E4 707 B LLBEAIE
AATFTHE R . AETE, S g E TR E)
BT A TERGWE S s,

i—J: riZé 12lJ. 27 HEZS 13

5 36 11 R AL E
Fig. 5 36-node simple diagram

H 1,

MW RGEmE, 41 s BN 2 5815 541
80%tH 11, Ffar Ky 60%IEK N LB HLAT 40% 1 BT 61
far o fHEEE LI, FEZILBN T H AT 4 I
JEAFRE RIS 164 18, 19, 20, 21. 23, 29.
50, 52, BLIEECANER s FASSE 1R FiAS R 17 D ey B
LRI TR tang A HL R N il 2 A8 10 23
wE 6. K7 FR.

EE 6, BEZE 20 48 1.25 s Ja M4 B, s
BT, BT TR, H tang AN, F5FEH4E,
76 1.35 s R Wk k2B RAS, BRI HL RN
0.751 9 p.uo 1A LU H R DR AL P 040 8 B L
JAIWTHL R AR

7, KHHLEZN T 1.25 s JEAIgE R
IR BT, AEhRW BT, AW AR A, 1%
BREEA SR AR A . FEH IR sk i il e th 3
WY, eI ELRE T 1 H s B i 3BT B e K
F, BERARERE, KAk TR REFRUE .

1.8
4
1.6 7
I /
14 1 ,""’
5 )/, /s
1 L <
hl tanp —p»*
gﬁ 0 // Z
ot ey /_a’
E 038 \' f L ——— -
el
0.4 3 1y
02 e A
0 125 2 4 6 8 10

tls

Bl 6 Bz 20 REARERTAIM LN
Fig. 6 Voltage instability curve at bus 20

3.5 mmm——
L7 - | T
3.0 T L
. Hh |
=2 Y
& 25
=S |1
§ s i
S 2O T 29 RPOO [ e NOOR
o | R e
~ =+
XN 15
GES tang
1.0 v L
..... B Y
0.5 L
0 125 2 3 4 5 6 7 8 9 10

7 B4 22 BRERRERRAI#ZE TN
Fig. 7 Voltage stability curve at bus 22

H 2.

EHE R 1 s I 12-26 LR R, 1l
40% N LA HLFT 60% T PHPT 1 fir o 11 B 45 FLK 1,
TEAZRBN T F AT 040 A o AN RS e ) REER A
16. 17, 18. 19, 20. 23. 25. 26. 29. 50. Hiik
AT 8RR [ PRI AN )15 L REZR FRLAL D) %6
tang I HL Hs I 350 3 it 2628 4 2l s il 8. Kl 9
PR

EE 8 Y, REMiZiah k)5 0.25s 3 HH
i, AR AT, BB R . Hh ek
i BT[] EEL P P R B sl 187 iy 2 AR 5GIE T L PR PR AR AR
E, WA K.

R 9, BEEZR 20 48 1.25 s Jo Je FAIE, R
HR T HIWIIR TR, tan o 890 i) FRaLiE ot
0.1's, Fr&ddE, 78 1.35 s IFRIATHA) & RF 2 s 2k
B, DRI R 0.791 paue A AL SC AR RE RS Ay 5L
by A T H H R R AR



_34 -

& 0% EP DA

FaL
|

------

i
‘ fotm | TINE

V.ILP,Q.tan@/p.u.

tang E%E‘—

0
0 125 2 4 6 8 10
t/s

B8 £ 9 RERREFRMLEN
Fig. 8 Voltage stability curve at bus 9

1.3

1.2
Y
14 Jﬁ—"/

1.0

0.9

V.LP.Q.tang/p.u.

B9 B 20 BEFRERRTHMETL
Fig. 9 Voltage instability curve at bus 20

KREPTHEREEW], A TR RS
7 (e X T3 i B IR RRUE PR BATAR L (15
BEtE o XA ML I BEEAFEIT A FBN LR I% 5 B
2, AFE RS A A E A DU I JE B2k i s #48 BE 52 i
BRI SE BTG I R e WU (A R
R W] i I AR A AT AR IR LD RS
J A IR A = B 1 i) 52 3 BT R ST
MEBEE o WA SCRIE R AT AT 55

4 Zig

FENZRGEH, WS T L R AR el R
MRPE IS 2> BT A BLH, BT 4518

1) T P-v Mgk f1 v-Q MZer 225 0 hT
fERE T L) R G L AR L

2) ASCHEH TR S AR B I W sl S
NRG RS REM G, ks 5 B2kl
Wi~ T AT IRITC T AR AR ) 07 P S A5 2K
B AR EEW, 2 TN

3) SCHFTER AN A B L T TR
I (O RL R B B, B8 A ST L RS
fIRRETE, DF FUEIRAE T %A A Rtk

ASCRIFFE N 25 H ATESE T4 54, 1 ) PMU
KRR SEbr RGEHE, ZAPETIATEE, Wk

TFCBN A5 BRI 18] I8 3 A (4R I T 85 1) i o
BB
5% 3Tk

(1]

(2]

[3]

(4]

(5]

(6]

(7]

(8]

IRER, BT, wAE, A SRR ) RAERS
FL s R P 0 S A 2 v R AR R SCSE A (]
L TR 2EHR, 1999, 19(4): 1-10.

LI Xin-ran, HE Ren-mu, ZHANG lJian, et al. Effect of
load charateristics on power system stead-state voltage
stability and the practical criterion of voltage stability[J].
Proceedings of the CSEE, 1999, 19(4): 1-10.

IR, Tk, Akt BB S @ i
FUEWIFL[T]. RGP H ], 2011, 39(20): 1-7.
MA Zhao-xing, WAN Qiu-lan, LI Hong-mei. Research
on voltage stability analysis of limit induced
bifurcation[J]. Power System Protection and Control,
2011, 39(20): 1-7.

Wz, £, BRBR. SO 8 v e 4 2 b b s
B Fold 2225 [9]. B AL T RE 4R, 2002, 22(7):
40-43.

CAO Guo-yun, WANG Chong, CHEN Chen. Center
maniford method to simplify the analysis of Fold
bifurcation associated with voltage collapse[J].
Proceedings of the CSEE, 2002, 22(7): 40-43.
MORISON G K, GAO B, KUNDUR P. Voltage stability
analysis using static and dynamic approaches[J]. IEEE
Trans on Power Systems, 1993, 8(3): 1159-1171.

PN, EFHVE. T TR S A S 2 R R D
LA OE PR BT 73 0], TP E AL TR 4R, 2003,
23(4): 1-4.

LI Xing-yuan, WANG Xiu-ying. Fast voltage stability
analysis methods based on static equivalence and singular

value resolution[J]. Proceedings of the CSEE, 2003,

23(4): 1-4.
CORSI S, TARANTO G N. A real-time voltage instability
identification algorithm based on local phasor

measurements[J]. IEEE Trans on Power Systems, 2008,
23(3): 1271-1279.

VU K, BEGOVIC M M, NOVOSEL D, et al. Use of
local meaurements to estimate voltage stability margin[J].
IEEE Trans on Power Systems, 1999, 14(8): 1029-1035.
IR, R, JIRK=. 7t M STATCOM 755 24 A H
JERFSHESHT[I]. h I AL CRE AR, 2013, 33(28):
88-93.

MA Zhao-xing, CHEN Hao, WAN Qiu-lan. Analysis on
voltage instability considering STATCOM  capacity
constraint[J]. Proceedings of the CSEE, 2013, 33(28):
88-93.



e, 2F

He 1B AR U SRR IE T ST

- 35 -

[9]

(10]

(11]

(12]

[13]

[14]

[15]

[16]

B AR, G, — Rl e Lo E WU AR E 1s AT Y [
ITED]. T E AL CREAER, 2006, 26(4): 113-117.
DUAN Jun-dong, GUO Zhi-zhong. A new method for
on-line determination of the capability curves of voltage
stability[J]. Proceedings of the CSEE, 2006, 26(4): 113-117.
TV, ERE, mif, AF JET PMU KIHSEUES)RS
L MEARPRILA D) ST HVE[T]. W8T RGERIT S5,
2013, 41(9): 27-33.

DING Tao, DONG Bo-feng, GU Wei, et al. Optimization
of a load shedding scheme using dynamic voltage
stability linearized index based on PMUJJ]. Power
System Protection and Control, 2013, 41(9): 27-33.
GLAVIC M, VAN CUTSEM T. Wide-area detection of
voltage  instability from  synchronized  phasor
measurements[J]. IEEE Trans on Power Systems, 2009,
24(3): 1408-1416.

wKAs, RE, XIE, & FETE SR IGE TR
R R s B E PR REAT ST ()], LD R G IR S AR,
2012, 40(12): 88-94.

ZHANG Xue-qing, LIANG Jun, LIU Dao-wei, et al.
Study of power grid voltage stability based on signal
energy aggregate index[J]. Power System Protection and
Control, 2012, 40(12): 88-94.

MILOSEVIC B, BEGOVIC M. Voltage-statility
protection and control using a wide-area network of
phasor measurements[J]. IEEE Trans on Power Systems,
2003, 18(1): 121-127.

VERBIC G GUBINA F. A new
voltage-collapse protection based on local phasors[J].
IEEE Trans on Power Delivery, 2004, 19(2): 576-581.
T, BESC, A TN R R T AR
FAFRMIL B RGERT HEH, 2010, 38(21):
152-156.

GAN Lei, KANG He-wen, HE Min. The dynamic

monitoring of voltage stability based on wide-area

concept of

measurement system[J]. Power System Protection and
Control, 2010, 38(21): 152-156.
XTEH, W, BN, S5 TR AR R A

[17]

(18]

[19]

[20]

ARG RE AR T E LT RAR, 2005,
25(1): 13-17.

LIU Dao-wei, XIE Xiao-rong, MU Gang, et al. An
on-line voltage stability index of power system based on
synchronized phasor measurement[J]. Proceedings of the
CSEE, 2005, 25(1): 13-17.

i, R, IMEZR, FE JET IR R R AU
JASHI AT E AL T FRR, 2010, 30(28): 7-11.
TANG Yong, YI Jun, SUN Hua-dong, et al. Voltage
instability criterion based on variation relationship of
power and current[J]. Proceedings of the CSEE, 2010,
30(28): 7-11.

A, BURENN. O RGO R EE M. 5%, P
Jest L Tk A, 2008: 14-27.

CUTSEM T V, VOURMAS C. Voltage stability of
electric power systems[M]. WANG Ben, Trans. Beijing:
Publishing House of Electronics Industry, 2008: 14-27.
IMEZR, FZEAR. oF RN A sl A i D R GEAE
SR ERR R[] R H L TR AR, 2006, 26(6):
1-6.

SUN Hua-dong, ZHOU Xiao-xin. An on-line voltage
stability index of power system considering induction
motor loads[J]. Proceedings of the CSEE, 2006, 26(6):
1-6.

CORSI S, TARANTO G N. A real-time voltage instability
identification algorithm based on local phasor
measurements[J]. IEEE Trans on Power Systems, 2008,

23(3): 1271-1279.

et HEA: 2014-03-11;

& HHF: 2014-05-06

fEEEN:

Bkt (1982-), %, dfs4kH, 4, #H0F, T BAF

RAEGAHO) ZGEERT WA XTI F AR ; E-mail

zhaoxing_ma(@sina.com

i (1969, %, HEARA, HIF, LTEHRF

) A W ) FGAEE AT

PIE

AL (1950-), %, #Ak, W5, TEHARTEHL
GAK]. BATAIES.



