$52% 9513 1) whHRERY S ER Vol.52 No.13
2024 7H1H Power System Protection and Control Jul. 1, 2024

DOI: 10.19783/j.cnki.pspc.231610

2 EFREIRBENUKIFN T HeL Ay T B P 2 Shi S Be XUBG 1R 4

6B, MAERT T, RRART, SAMBE, AkgpL’, XEAIE

(1. " FE A RS MR B, & 7SN 510000; 2. 2@ T KFd AF%E, & S 510640)

AR : B REIR A KBRS A (14 2 A is AT AT B BT Al S AR i e RAROK PR, FLT R BB HLI B 5 51
W B R S o B T B R RE IR L T BEALB SN AT FL R 110 kV 2R T B80T GBI R8s
RSEPFAL 710 o 12T AR E B e A AR SR ™ B RE T SR A & T RGURE IR AR 52 m, O
RAEE T AR BE R R R GRS SRR R —E MR AR 2 MR R R S8k, Bt
B 110kV M2 T BT RN i/ M)A (TR & B BAR A E IR, I LU/ NI G A B R SR AE R G/ B
PR B . R R R S I R SRR R 2 T AT SRR VPIRES, A BB R D) e &, A
REAGE B ) XU . RIS S 2 SR IR EE ] P Gir 8 IR R e 4xIs ATV, DA R EE ] 7 S
A BRI L g 2 IV ELE KT, M GRAE S 2 P () 2 e mTSE b . da, B REREAS SERRIT A X e X 451
BOAIE 1 Pt PRI Bt e XSG 1At 5 25 4 LE TR A b

R PR, KUSPPA; BTREVR; BEREIN PR T4 IREBEERZENR

Risk assessment for cascading failures in urban power grids considering the random
fluctuation of renewable energy and T-connected lines
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Abstract: Massive penetration of renewable energy brings great challenges to the secure operation and reliable power supply
of important users in urban power grids, and it is easy for the random fluctuation of renewable energy power to result in
cascading failure risks. A cascading failure risk assessment method for an urban power grid considering the random
fluctuation of renewable energy outputs and T-connected line switching in a 110 kV power grid is proposed. The influence of
the probability distributions of system states is taken into account in the calculation of the failure probability and
consequences, and the probabilistic power flow based on cumulants is used to reflect the relationship of the probability
distribution characteristics between the system states and renewable energy outputs. Additionally, a mixed-inter nonlinear
optimization model to calculate the minimum load shedding considering the T-connection line switching of 110 kV power
grid is established. Minimum load shedding is used to characterize the consequence of cascading failures. By deciding the
switching state of each group of T-connection lines under faults, the load shedding in cascading failures can be reduced, and
the risk of such failures is effectively decreased. The secure operating range of bus voltage of important user loads is
described by chance constraints to ensure that the probability of important user loads without failure meets the given
confidence level, so as to ensure the secure and reliable power supply for those users. Finally, the correctness and
effectiveness of the proposed cascading failure risk assessment method are demonstrated in an actual urban power grid.
This work is supported by the National Natural Science Foundation of China (No. 51977080).
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Fig. 1 Development process of urban power grid cascading failures
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Fig. 4 Simulation process of cascading failure chain
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Fig. 6 Schematic diagram of an actual urban area power grid
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Table 1 Risk assessment results of different cascading failure chains under different minimum load shedding models
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Fig. 7 Comparison of voltage probability density functions of
the bus connected to transformer #1 of substation

ZX under different methods
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Table 2 Risk assessment results of cascading failure chain TB-
HD1-KG-LZ= CC-HD1 under different confidence levels

B 11 [

K/ » s/ KRR Vi, RURHE/
% ” MW MW H MW MW
99.0  0.8656 2697 233452 0.8434 4052  34.1746
975 08672 2110 182979 0.8460  32.19  27.2327
950  0.8682 1601 13.8999 0.8477 2685 227607
925  0.8694 1265 109979 0.8476 2334  19.7830
90.0 0.8700  10.08 87696 0.8494  20.61  17.5061

§ 1= p, =0.100
= ,=0.075 | |
. =0.050
—— 1-p, =0.025
1-p, =0.010 | |

- |
093 094 095 096 097 0.98 0.99 1.00
Ulp.u.

9 FEIEFEKET ZX T4 TEEEH M
B E R0 R KT EE
Fig. 9 Comparison of voltage cumulative distribution functions
of the bus connected to transformer #1 of substation ZX
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