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Modal analysis technology in the application of the weak parts of systems
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Abstract: Based on the traditional Q-V modal analysis method and considering the influence that a node’s active micro increment
changes to the results of modal analysis, this paper uses the amended reduced order of Jacobian matrix to identify the system static
voltage stability, adds PV nodes of reactive power of micro increment in the power flow equations to analyze the weak link in the
system state of sampling, gets the involvement of voltage collapse of the generator nodes when modal analysis method is used to
calculate node participation factor, which makes up for the deficiency that the traditional Q-V mode only calculates PQ node
participation factor. The non-sequential Monte Carlo simulation method is combined to proceed random sampling of the state of the
system and calculate the probability of the voltage collapse. IEEE-RTS 79 system is analyzed to prove the availability in the analysis
of the weak link of the risk of voltage collapse using improved modal analysis technology.
Key words: modal analysis method; weak link; voltage collapse; risk assessment
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Fig. 1 The P-U curve
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Fig. 2 Flow chart of voltage collapse risk assessment
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Table 1 Results of status simulating

IR 100000 120000 140000 160000 200 000
HBHR AL 6 6 7 9 11
( f“ff_j) 6 5 5 5.6 5.5

REEL 14239 16219 17903 19278 22192
IR S 4 4 5 5 6

AT g T LR, EIA BT R,
FL s 1A 5 AR R 2 2 ple /N, AR B
AR S W B 3 X P R Ay, A KI5
WP 8 R . B AR OB I, SR it B,
Btz . Ak, RS0 I A A e
10° 2450 MeAh, AT (0B OIS ECP s I T &
AR AR I UMM S SLEA THE P, A4S A
B R N SER P

fe 2 g5 mr .

D ARG 5 GBS RARAHIE . FF
SHL, Ly SCEEARIRAR IO o 24 Grse KA, H
b, H Lsoas Lisog [FIRFREL, 24 SREERRIE,
A4S 1IEH G LR A A SH 5 KA DRI Ligae >
PR B TR DN ZR, K SR R

2) B Lisass Linoss KHHIA Gos KA,
IR A 7T 2 13 ST RO, T 13 5 A
A EAR I EABE R KA DT Lisae
SCEEIRAN, AT AR T LU B JX, BRRAEE H B
TE, RYGBATAEATRE AR .

3) W TR X R far X, ffar S AR 2 R IX
R M2, 7 BRI NI AR R, B
fifar LAl 5 S ALK SEft, il Hi
RALRIH R -

x2 mEMEER

Table 2 Serious failure mode

5 [GaEs B (X 10
1 L3.24 Lis.24 Gisse 1.33
2 L1323 Li2:23 Li4-16 Gzt 0.52
3 G, Gy 0.33

Vi Loy MG R0 B R K528 Gy IR
h LRSS kSR HHLAL
4.3 EIFITIOMN
DA R07 ERTE R EBALLL. 2 B8k
BLLRZBO ], 438t SR T R BT
RYURES . FHERH, SO S 7 O h PQ Y
Fho FEZRGURE T, KB IERTA KRR AER] Lo

FERFIEEEATRT L, W3k 3 .
= 3 S IEAN S PEM T AT LLAE PR HAE(E X EE
Table 3 Reduced order Jacobian matrix eigenvalue

compar ison before and after correction

1B 1E 5 B At ol LU TP AE T LA R
FFAEAE FFAEAE
45965 3.876 1
9.700'5 53795
10.818 7 8.3910
142331 10.879 2
18.691 8 152097
19.7273 16.206 7
314621 25.196 5
37.688 3 36.130'5
492553 46.736 9
56.728 3 50.278 9
61.460 0 58.110 2
75.180 1 74.190 2
118.346 5 109.928 3
174301 1 152.673 0

ATLAER], BIE 5 RS BT /Mg
B, R RG RS A R AE LR AT RS
LT S A 5

BN, XIS Z 5 (AR L
ZHRTF) TR I 2 AN NIRRT RS
A TH S MR KK PQ B 5T PV 1S
HRET, Wk 4, £S5 PR,

RT3 fEXRGORE T, 59, 79,
10 55 PQ W S HBRIFAR K, HABAL TR
T . 72 LIRSS i R I 20
P LAE G oL s i it SR R A B M B R, ey
WM. 15 %5, 16 5. 21 S AM PV 113
IR, HASAE TG ES 2R REAE A X o % F
RS A LY R SRR G T ), AN
KNI

x4 POTREE5RT
Table 4 PQ node participation factor

A =4595 A=9.700'5
A R Z 51 A R ZEHR¥
5 0.5202 7 0.479 2
7 0.3830 10 0.1457
10 0.0558 8 0.1330
9 0.027 1 5 0.1249
12 0.0113 9 0.097 8




~ A

BRI BT BOARAE R G528 15 70 O N

- 63 -

*x5 PVHRB5ETF
Table 5 PV node participation factor

A =4595 A=9.700'5
REl=t R Z ¥ A R Z ¥
15 1 15 1
16 0.646 5 16 0.5577
21 0.136 5 21 0.2952
23 0.116 4 14 0.1727
1 0.0219 1 0.088 4
5 5t

1) AR TSR RIS TIEEE-RTS 79
RGN RGURS AT IR, A ol S AR RS
ST RN RGE A R A U b A T 0T, IEh
S TR G0 A S B 5 AR AU

2) K48 IE T 1R B B A T b B0 N R AR AIE
AT LOEE, BOUE T HX RG ARG S A E 52
M FEFE

3) XHRE RGRE T S 5E T T
8, AFEEBENT AR . A TIZERET

BRI A, B IATY . XS A BRI
i TR IS o (R
5% 3Tk

(1] &im, ez, PMER, 5 W RGHEERE NI
R[] MR, 2010, 34(4): 24-29.
TANG Yong, ZHONG Wu-zhi, SUN Hua-dong,et al.

Study on mechanism of power system voltage stability[J].

Power System Technology, 2010, 34(4): 24-29.

(2] LRI, iRk, Atk BB S0 Z s

RoEWrItp]. RGP S50, 2011, 39(20):
24-29.
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): 24-29.

[3] PAOSATEANPUN R, CHUSANAPIPUTT S, PHOOM-
VUTHISARN S, et al. The line P-Q curve for steady-state
voltage stability analysis[C] // IEEE International
Conference on Power System Technology, Chongqing,
China, 2006: 1-5.

(4] BT, KFW, TR/ i RS E TEEST

5oy 3R], T HEORSAR, 2008, 23(2): 87-95.

(5]

(6]

(7]

(8]

[9]

(10]

ZHAO Xing-yong, ZHANG Xiu-bin, SU Xiao-lin.
Voltage stability studies and bifurcation theory in power
systems[J]. Transactions of China Electrotechnical
Society, 2008, 23(2): 87-95.

TR, RZE, HBRW]. LT RABRE M R AR
EVEREMIVEAR[T]. T HEARSAR, 2012, 27(7): 235-241.
ZHANG Xue-qing, LIANG Jun, DONG Xiao-ming. An
assessment for voltage stability performance of power
grid based on cumulating index[J]. Transactions of China
Electrotechnical Society, 2012, 27(7): 235-241.

RIA, FICur, B EA R ARE KU P[],
HLHL T RE 23R, 2009, 29(28): 40-46.

YU Juan, LI Wen-yuan, YAN Wei. Risk assessment of
static voltage stability[J]. Proceedings of the CSEE, 2009,
29(28): 40-46.

ki, 3O TSR D BRIk 2k S P i
JE I AR SR ] o R R S, 2011,
39(2): 65-69.

MA Rui, YUAN Wen-wei. An approach for determining
voltage collapse critical point based on Monte Carlo
stochastic line selection optimal power flow[J]. Power
System Protection and Control, 2011, 39(2): 65-69.
TR, X, ARFEVL. U0 4% ikt B A i
FeE M2 M M [0]. W01 R4 A B4k, 2011, 35(6):
20-24.

GUO Hong-yi, LIU Ming-bo, LIN Shun-jiang. Analysis
of effects of secondary voltage control on static voltage
stability[J]. Automation of Electric Power Systems, 2011,
35(6): 20-24.

FRANIT, SRBOR, A, AF FETRIA AN N1
ASHURFREM BTN, B R G RY S, 2010,
38(14): 23-27.

ZHANG Xiao-bing, WU Zheng-qiu, LI Lian-wei, et al.
N-1 steady-state voltage margin calculation based on
fitting computation method[J]. Power System Protection
and Control, 2010, 38(14): 23-27.

DS, akadtte, X%, 2% R8RS DA AT i s B e 1
Z A br AW D], B LEOR IR, 2012, 27(2):
190-197.

QIU Wei, ZHANG Jian-hua, LIU Nian. Multi-objective

optimal power flow considering environmental factor and



- 64 -

&) &GS

(11]

(12]

[13]

voltage stability[J]. Transactions of  China
Electrotechnical Society, 2012, 27(2): 190-197.

ik, DRt BEH, & SRS NS H
FHORN T3] BMER, 2010, 34(2): 92-96.
PENG Qian, MA Chen-guang, YANG Xue-mei, et al.
Participation factors and contribution factors in linear
modal analysis[J]. Power System Technology, 2010,
34(2): 92-96.

W 2z, Lo, XUETEE. H S AGE 20 M v B B i o e
A BEAR BT SEI]. v L TR 4R, 2008, 28(4):
42-47.

CAO Guo-yun, WANG Qiang, LIU Li-xia. Research on
power flow reduced Jacobian matrix for voltage stability
analysis[J]. Proceedings of the CSEE, 2008, 28(4): 42-47.
JAXGRE, K&, T, 55 W RGHIREENE &
HfiM]. dbst: R g iRk, 2003.

[14] International council on large electric systems (CIGRE) task

[15]

force 38.03.12. Power system security assessment[J]. Electra,
1997(175): 49-77.

I, ARG RS PR B AN M), b

[16]

[17]

(18]

[19]

B B, 2006.

BILLINTON R, LI Wen-yuan. Reliability assessment of
electric power systems using Monte Carlo methods[M].
New York and London: Plenum Press, 1994.
BILLINTON R, ALLAN R N. Reliability evaluation of
power systems[M]. Second Edition. New York and
London: Plenum Press, 1996.

LI Wen-yuan. Incorporating aging failures in power
system reliability evaluation[J]. IEEE Trans on Power
Systems, 2002: 918-923.

LI Wen-yuan, PAI S. Evaluating unavailability of
equipment aging failures[J]. IEEE Power Engineering
Review, 2002: 52-54.

et HEA: 2013-10-22;

{&E HHF: 2013-12-23

1EEEN:

REA(1962-), 5, #ik, AFLHZGADEMNE

YR B A R GAREFFRR

7 &

ik (1990-), F, AMEAARA, ERAAT O HE
% B A M 542 4], E-mail: c203chaxin@]63.com



