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Power System Protection and Control
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Analysis of power system cascading failure based on hidden failures of protective relaying
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Abstract: This paper analyzes three existing hidden failure models, proposes a new hidden failure model considering repairable
hidden failure, aging hidden failure and the hidden failure caused by adverse environment. It uses DC power flow algorithm to assess
the risk of power system cascading failure, thus to find out the key-lines. On this basis the preventive measures to reduce the risk of
power system cascading failure are put forward. The results of applying the proposed method to TS-9 bus test system illustrate

improving the reliability of the relay and the line capacity can reduce the risk and the propability of blackout.
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Fig.1 Hidden failure characteristics of line distance protection
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Fig.2 Hidden failure characteristics of over-current protection
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Fig.3 Hidden failure characteristics of line protection
considered over-flow
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Fig.4 Component life curve
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Fig.5 IEEE-14 power system model

IR LS ARG A A BaE s, W SOTE R T
B ErE S L2, L3, L4, L7, L8. KAk
Fet £ 1] LUKy 407 B ) R GO R R A R AR R A
P

3 BHERESESRHEN

3.1 EHEEER
3.1. 1 OPAJEEA

OPAR TR ) Jehitt J2 BRI UL e, SR b 2k
FX 7SR i 2 ra LI R ), H b AN
BB ML, R ER R GIEAT 2 R LA AR
KA A0 SEIR T ZE P AR AT AN N T # R



4. & D EREY R

fidh b PRI A HLML i L I 25 R 2 i O 23 Tl /> 1 ek
BRAG. IXHF, RGN T AR DL R i) 8L [R] i
WAL N LTRGAE BT RE AE B FA, Gkiiy A
— R AR R A
3. 1.2 CASCADE %74

CASCADEFE i A AR (1) FEA B AR, (iR ATn
FANTR] A e A7 BEN LT AR Sl , DI AR Bhd LA
S ® S e i A Sy L B ]
G AT AR — 2 PR DAy 2 I U 3 % 1)L B AT R
BETCPE b DRI R 2% A Bt o
3. 1.3 5 R s (1 e A P Y

AR T ELRMIRIE,  [RIIN0 AE R B i
A AT G, I L SR B R R B AT RN
SRR F R BN %, EAEWARS, K
TR ARG RIS AT

LA PR 3 B o o R 7 B el — A B AL E 6 19
PR LR IRIIT 46, W R BE 2% A da 2 i R i £k
H U I 1.4F U BUB R 2tk s 5 AR 3
BEbE B LB A WA R W e 2 A Bk ] o 5
YR BJe i) i OB S, R I B R AL

LA LVRGA EEH BT = 4%

(1) % e 7™ R

(2) RGRAMHN A ATINL;

(3) ALk
3.2 EHIEFERB T IR

ML RGN R R AR E B, W] BE 3 AT
WeUIRR, YR B A SR, SR I T X
[ 5 2T B 0T L 7 R e I 2 AU o

Ri = Pevent X Ievent (7)
Pevent =1I Pj
| 25
event z S

Forbe ROMIEBUMBETER, BIZH T A2t A A Bk
OB BT 3 BURE BRI R R, MR
SRR T SOE BRI LR s 1 AT SRS
R B A R LSRG A B 2 o f S DI (1 B4R
P, by A B 1) 45 2% 2 B BT (KR

4 {FESH

4.1 RESH

(1) TFEHL ) RGECR I TS-9 sipsi A, 2ty
I EFR#R B 5E 100 MW, AHER BN, 2828
PRI B RRPE R, A R 2 s IR B 1k e

(2) R 2 i ) Ak R B ek W B A R A AR, I
B3 SCHER[13], B P, =0.0203 5 43 #fr SC#k[14], HX

P, =0.0013 . {Jj B 773K F 2% 1 Bk et 1 322 3t e
BRARLI, BT 0O RUR AT 5 4 4 % 3 BUE B
BT (1) USS F b o
4.2 FE%R

P16 A /AN [ 0 9 R AL 1 IR 95 4% 2k it 67 3 %
#14 P, =0.0203 , UL AE 100 MW iz 24 i i
SRR DAl 45 L o G 0 B R LA R A PR AEL 1)
KANEF RS A, W7,

100

80

11.{r[

Linel Line2 Line3 Lined LineﬁlLineG
I 037 PR 100 MWV B 2 8 171 3 %
T BRA 130 MW IR 2 471 38 %
El6 Zeixigim s
Fig.6 Load rate of the lines

1P, =0.0203, #FRPR1E 4100 MW % 5 # b

HEHSR
Tab.1 Results of cascading failure simulation
WA 2k HER R R R R

Linel L1-L6-Loadl 0.129 66
Line2 L2-L5-L6-Gen2 0.03554
Line3 L3-L6-L1-Loadl 0.127 02
Line4 L4-L5-Load3 0.003 15
Line5 L5-L6-Gen2 0.253 47
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