Smart Grid % FEFL, 2018, 8(2), 111-120 Hans SOl
Published Online April 2018 in Hans. http://www.hanspub.org/journal/sg
https://doi.org/10.12677/sg.2018.82013

Feasibility Analysis on Forecast of
Cascading Failures Based on Steady
Model and Hybrid Model

Yucheng Qian, Jingjing Zhang, Ming Ding

Anhui Provincial Laboratory of New Energy Utilization and Conservation (Hefei University of Technology),
Hefei Anhui
Email: 731214287@qq.com, dragonzjj@126.com, mingding56@126.com

Received: Mar. 10", 2018; accepted: Apr. 1%, 2018; published: Apr. 8", 2018

Abstract

The commonly used simulation models of cascading failure contain DC power flow steady model
(DC-SM), AC power flow steady model (AC-SM), transient model (TM) and hybrid model (HM).
Taken TM as a reference model, the consistency and difference of the models are compared in the
simulation of cascading failures, and cascading failure propagation stage is divided into slow suc-
cessive break stage and fast successive break stage, and the feasibility of SM and HM at different
stages is analyzed. Firstly, taken the IEEE 39-bus system as an example, by comparing the simula-
tion results of DC-SM, AC-SM and TM, the influence of the bus voltage and generator power angle
on the simulation results is analyzed, and the effectiveness of SM in the slow successive break
phase is verified. Finally, aiming at the problem of SM in the simulation of cascading failures, the
simulation results of HM and TM in the fast successive break stage are compared, and the effec-
tiveness of HM in the fast successive break phase is verified.
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1. 518

AR, ERNAN ) RG22 B E S R 5 SR A L, G R T BRI AR A R R R
JE 1] [2] [3]o BRI FRe st e i e P TP 7, 0 %o 2 B 5 1 0 350 2, S5 B A KA F S LA

HT R REAR S RERNEN LTSS RS, MIEBHRER AR IR EREZE, FH
15 R S8 1) L D0 R G mT S A i W e B B T M P AR K o PRI FIE L, B N AM S AT T &R
WHIT, TRMAMT A RBHER BEA . W RS0 AR, B BB s O AR
FOA 4y R T BRI 1) Fa AR (DC-steady model, faifk DC-SM). J& T 28 i il 7 i A A B 7 (AC-steady
model, &R AC-SM). F&T-FasE T 5% A (transient model, fAIFK TM) LUK 36 Fa e SRR
A B IR VR A A Y (hybrid model, &R HM).

BT RSB B EB R 07 5, B R, R IEBS RN B IR T AR, B H R
R R R A ARV R S R R AR S L, RS R R R A R R ke e e . IR T AR IR
W RS P HCEA A R — AR R, W SR R R, R A R AR 2 B
SCHR[A] [SIERH T 5T 2o il A S AL ) Manchester FAS4DL L ) R G0 Bk, SCHR[6] [7138 4 T —Ff
BT AR S OPA KEAY . SCHR[8] [9] [10142H T 3T AC-SM (¥ I8 il i b A Y . R+
DRI AR A AR R A 5 T A8 U A AR A B R JE bt IR R AT TR A AL EE, R T 2R L BEL RN I
T, AEETLIMEBEEEERER, B — At R, 5 i i B AR A e — e iR
ZE[11], BHA RS TG E, THEOE LR, HJoeSvE I, T T P B

FHECAR SR, B SHIACR A ARBOT RS, s B 3800 B T DA AR 0 028 B e e Joe 3o R b (1) 2R
GURAS . Tl EhE DL S s il i 2 (R A B s, 4R ELET N RAZhASER, TEMRE S, TH TIES
R RSSO, Bl TR R TR, THREW R TR, SCR[12]7%5 5 1 3hdd s d
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Figure 1. Flowchart of forecasting based on

steady model
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TENR AR, T2 U rELA S T 26 o A7 3 REZR i RO AR (R 20, T S 3 T DUAR
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UVEAETT W 2R B R G 10 22 e KT I 4R 2R, WU R 5 MR ]k T A [
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2 FLU A LU AU L A% 5 KT 259% HLAFLRRS I 1 s.

AR R e S, DB I A0 AT T A BRI DU BT I T PRI 4 2% o B G0 2 R R K T AN B k+1 T
W7 2 TR AN 5 JE T DGR ZR P T HE I, DU 2R 2% k2 AR %

4. BB

PiFIHS L IEEE39 75 i R GUAY], 1Z RGP T8 0.073. (7 HhilE 5 RAUE Ojjimit NE&
B § R R IR A SR A 50% HLAF4E 5 s I R HE[20], A RHLIE T 8 1R BR 20500 9 A e LI ARE
M1 EF 10%. SR TAaHE SN R G A 2k .

4.1. EF SM 1 TM B9EH SIS E XL

IEELZR RS 8 NIRRT, ARAE I 1 Fos i RiARE, W13 H2ET DC-SM I8l M A ik 12, ik
1 FiR.

PLFE 1 HEgas 1 o800, ST EER R 7 AC-SM R TM Hh 5 B AH [F] (1 28 i W s Al e), 15
F|HT DC-SM. AC-SM Fl TM [ RGeiim 7 AT AR, a2 Fros (B &k N — 21 NSk w5,
AN FEUMNRZ, NT R ARG hEELHROER A, B2 p BRI HERES.

MIE 2 FTLAE H, WIaa Rk 8 JFiiE, R HNL 32 R AidEid 2tk 12 (A fig 4 fbd, X S8k
12 (WA Smsr RIsG N £R% 12 75 22.64 s JFWifa, 2R 21 oA R AL 32, 33, 34. 35. 36 [H4MES
TR ME— PR AR, HABRRIABIR A, LRIk 21 76 29.09 s TP G, RGMEHIN 2 NS, it thHR 7
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Table 1. Cascading failure paths based on DC-SM
# 1. £F DC-SM MIEHiBPE R IR

AR 1 1% 2
HFFS 2% i} 7l (s) 2% I} i (s)
1 L8 0.1 L8 0.1
2 L12 22.64 L12 22.64
3 L21 29.09 L25 41.32
4 L3 45.85 L4 43.51
5 L31 54.43 — —
6 L7 57.44 — —
21 | 138 L7 | 182
Ls 12 L1 | 1.73
L25 | 1.13 L4 | 1.53
DC-SM
L1o | 1.06 Ls | 132
L8 | 1.06 L4 | 131
L6 | 1.04 L15 | 131
g LL2 I Lo L7 e ] o, [ L3 | 114 ] 3 [ L3t | 120 | 31 L2 [ ree | [,
W) L L L L !
21 | 132
L5 | 1.05
AC-SM
125 | 1.07
L19o | 1.06
L8 | 1.06
el 71
L L2 | 1.05 Li2 L17 | 1.04 L1 [ L3 | 108 | L3 [ 131 | 121 | L1 B
L21 | 1.53
L5 | 114
™
25 | 1.22
Lo | 1.02
Lig | 1.02
g lrzfroes |, e [ s ], [ L3 | 121 ] 3 [ L3t | 119 | 131 [ Lo [ 14 ] L1
W2 L L L 1 1 1

Figure 2. Distribution of power flow in different stages of cascading failure pathl
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e T ANE . AE 2 ATLLE H, AC-SM T RS0 DAL 1 o) @i o 72, il el 1 DC-SM
P BT e R R FRTEATUE FLUR PR, 33 R A 5 TM A ZIR K, thwnlE 2 4 DC-SM f £
AR, Hid 3 mEAL M LR 7, T TM R4 1idak. 25 BRmiR, 428 31 s, |1
ML R R 52, DC-SM Al AC-SM T Tk HERBEA T IE B PR B AT IO 2R, DR 2R % 31 28t il itk
2 1R ZERE, DC-SM Al AC-SM I& H -4k % 31 J W iy 1t 28 B ke 3 A2 Tod il

[FHE, DA 1 HEgse 2 1, WBHIh AR R . &0 BRI 4 i 8 Lkl 12 JFIbi R4
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Figure 3. Bus voltage in cascading failure path 1
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Table 2. Distribution of power flow in cascading failure path2 after line 25 is outage

2. EHHIPRIRR 2 PR 25 BRI R SR 2 1

DC-SM AC-SM ™
LT k&S LTS AR LT k&S
4 2.13 4 1.81 4 123
3 2.05 3 178 — —
26 1.38 26 131 — —
21 1.38 21 132 — —
30 125 30 111 — —
5 1.09 19 1.06 — —
19 1.06 18 1.07 — —
18 1.06 17 1.04 — —
17 1.02 — — — —

] 4 RERT AR 2 TR LR R Th A 22, [ 5 NIEBTMIE 42 2 v 39 AN At L Y A HL R

AILAEH, M2 25 WG, o RENUFME AL, HEpEE R R, Kok ERE. mEXM
THOLHIAESL bR R G h, AR GUR 2 RECUINLAE 15 it R By 1E R Gefe e P — P iR . R R S5
SM A1 TM el B K ZE 5, & 2 i LB H, DC-SM Al AC-SM [HIEI 40 A B AR, {H1S5 TM 2177
FEWRIX A, XEFE N SM ZE T s 5 B AL R m, M2k 25 JTFWE, REpEANKENE AR
BIF NI ARIELR RS 4, SIERZE 4 KFa[21], SEARGZIMAR. L LR, Mz 25 s, BT
Ui & 520, DC-SM Fil AC-SM T\ & Tovk MR AT IE B M PR R AR I 28, DRl L 2R % 25 2 IE A i e %
12 2 LR, DC-SM Hil AC-SM I& FH T-2& 1% 25 F1 W7 aif A9 B e ot 2% 42 T

MR ATLLE H, SM Al TM 7E B2k % T W7 i 1R 2218 AH 2K TT TR B Re DR B 1 — 20k, T
FE R BR R B TT T J5 B SO AR 2R TT TR B, RGER A D RAR B i R 2R FR, SM Fl TM FFHaRi&a T A E, itk
i 2005 2T SR FE I SM BV 48 TE VA HE R 3R 4T B e B AR A R

4.2. EF HM 1 TM BIESIEEEHEXTEE
M ST BAEH, SRS FEWIS SM ORI TM ST AR, IR SM ARSI REUEITIRA, Tovk4k
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Figure 4. The maximum relative power angle in cascading failure path 2
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Figure 5. Bus voltage in cascading failure path 2
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MU A 55) (6 R ST e, SRR BN m vh S, 7RI v S o B R F L A e RS, R4S
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Figure 7. Distribution of power flow in different stages of cascading failure path based on HM and TM
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M B, 78 SCHR 2R B T Wi i, AC-SM.DC-SM 5 TM [A] B A5 5 i i — B0hE , (AR B 2R B TT 7 /5 » AC-SM,
DC-SM 5 TM (AL H B S () 22 51, ki DC-SM F AC-SM CL& AN REHER [ Bk R F IS AT IRAS, ik
Ak SRR R AR 1A &R . DR AC-SM Il DC-SM MY B 38 &SGR 2R B T BT AT, B R G i AR B A R ARl

DOI: 10.12677/5g.2018.82013 119 e


https://doi.org/10.12677/sg.2018.82013

CERA

(IR e AR IR

BEAN, A% SM BERIAZAE R iRl AL, AR B HIM AR TR P DR 4 T BB B 2 A0 s 1 A 42 15

o WG B, HM ITUL#E R SM 208 AR, ik RS SR @ e, B
RGESRIEHRITRZE, NS TM K07 BE RO 10— 2k . [ HM RS ] Sk 2k T I
IR AR AR AR TT TR B, 38 T S B S T W7 i PR RCSEAR 48 T T i B (e B e 7 ORI AR R

SE

(1]

(2]

(3]
(4]

(5]

(6]
(7]

(8l
(9]

[10]

[11]
[12]
[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

Bk, FRaly, @@ %E, b4 EN©8.147 KA B F AL 4 8 LA S R B 20Ul [J]. s AR, 2003,
27(10): 8-11.

g, B, EE, BRNIL EIREC7.307. 7.3 K45 B SO A Bt B ] L R FE I AT TAEI S R[], FEER,
2013, 37(7): 1841-1848.

B, EE, BERE. BON11.47 K45 B I3EHU A Son 3R B S AT TAERE /R[], BINER, 2007, 31(3): 1-6.
Kirschen, D., Jayaweera, D., Nedic, D. and Allan, R. (2004) A Probabilistic Indicator of System Stress. IEEE Transac-
tions on Power Systems, 19, 1650-1657. https://doi.org/10.1109/TPWRS.2004.831665

Rios, M., Kirschen, D., Jayaweera, D., Nedic, D. and Allan, R. (2002) Value of Security: Modeling Time-Dependent
Phenomena and Weather Conditions. IEEE Transactions on Power Systems, 17, 543-548.
https://doi.org/10.1109/TPWRS.2002.800872

Dobson, I., Carreras, B., Lynch, V. and Newman, D. (2001) An Initial Model of Complex Dynamics in Electric Power
System Blackouts. System Sciences, 710-718.

Mei, S., He, F., Zhang, X., Wu, S. and Wang, G. (2009) An Improved Opa Model and Blackout Risk Assessment.
IEEE Transactions on Power Systems, 24, 814-823. https://doi.org/10.1109/TPWRS.2009.2016521

RICH], SCAREE, BEEE, S5 BT O RBIREENH ) RGUEBTHIETIN]. B1RSE3NML, 2013, 37(5): 29-37.
TH, BIE, kAR, IS BT S RURE 2 B2 w R AR ) H S B e R PR A A AL (D). L AR AR,
2015, 35(4): 821-829.

&g, A5rE, BhRE, RLME. H P a i S oS 2R B KRS (3], H E F AL T2 24R, 2015, 35(13):
3292-3302.

AR, HEFR, XBHE. HRER S ST ENR X 7 [0]. 4R, 2012, 36(10): 147-152.

T, R, wuE, HiEm, & R T80 ERESEESHT]. B A% Eshik, 2008, 32(20): 15-21.
Wi, REOL, S, AFEE. B RGESEEAENENEE T E—— W RS RIS BRI R
Z—[J]. HMEAR, 2002, 26(9): 8-12.

MRER, WK, AR, & BT AHEZ B M PR B 1 B S B R AR A R VD] M ELR, 2005,
29(13): 50-55.

AR, T, B, S BRI 1 AR S R P AR 0 P R B R A R [J]. R, 2004,
28(13): 27-31.

Henneaux, P., Labeau, P.E. and Maun, J.C. (2012) A Level-1 Probabilistic Risk Assessment to Blackout Hazard in
Transmission Power Systems. Reliability Engineering & System Safety, 102, 41-52.
https://doi.org/10.1016/j.ress.2012.02.007

Henneaux, P., Labeau, P.E. and Maun, J.C. (2013) Blackout Probabilistic Risk Assessment and Thermal Effects: Im-
pacts of Changes in Generation. IEEE Transactions on Power Systems, 28, 4722-4731.
https://doi.org/10.1109/TPWRS.2013.2263851

Henneaux, P., Labeau, P.E. and Maun, J.C., et al. (2016) A Two-Level Probabilistic Risk Assessment of Cascading
Outages. IEEE Transactions on Power Systems, 31, 2393-2403. https://doi.org/10.1109/TPWRS.2015.2439214

Yan, J., Tang, Y., He, H. and Sun, Y. (2015) Cascading Failure Analysis with DC Power Flow Model and Transient
Stability Analysis. IEEE Transactions on Power Systems, 30, 285-297. https://doi.org/10.1109/TPWRS.2014.2322082

Eppstein, M. and Hines, P. (2012) A “Random Chemistry” Algorithm for Identifying Collections of Multiple Contin-
gencies That Initiate Cascading Failure. IEEE Transactions on Power Systems, 27, 1698-1705.
https://doi.org/10.1109/TPWRS.2012.2183624

ZMAE, BN, K. W. Chan, /7. BFMEEMESRENE R T— A LN HE B CREER,
2004, 24(5): 1-6.

DOI: 10.12677/5g.2018.82013 120 e


https://doi.org/10.12677/sg.2018.82013
https://doi.org/10.1109/TPWRS.2004.831665
https://doi.org/10.1109/TPWRS.2002.800872
https://doi.org/10.1109/TPWRS.2009.2016521
https://doi.org/10.1016/j.ress.2012.02.007
https://doi.org/10.1109/TPWRS.2013.2263851
https://doi.org/10.1109/TPWRS.2015.2439214
https://doi.org/10.1109/TPWRS.2014.2322082
https://doi.org/10.1109/TPWRS.2012.2183624

RIS B B P A 2K
1. FTFFEIM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

N FIRHESERE: [ISSN], FAKIT] ISSN: 2161-8763, RIA[ i)
2. FTFFENIE TR http://cnki.net/

ZEm) “HE BRSCHEREZE” BEN, BIANSCERAE, BIA i
hEE S http://www.hanspub.org/Submission.aspx
HAFIHEAS: sg@hanspub.org

Hans Xl


http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:sg@hanspub.org

	Feasibility Analysis on Forecast of Cascading Failures Based on Steady Model and Hybrid Model
	Abstract
	Keywords
	稳态模型和混合模型在连锁故障预测中的适用性分析
	摘  要
	关键词
	1. 引言
	2. 基于稳态模型的连锁故障搜索流程
	2.1. 预测初始故障的选取
	2.2. 基于过负荷保护的线路开断
	2.3. 功率平衡控制

	3. 不同仿真模型的对比分析
	4. 算例
	4.1. 基于SM和TM的连锁故障仿真对比
	4.2. 基于HM和TM的连锁故障仿真对比

	5. 结论
	参考文献

