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ABSTRACT: In recent years, the green-oriented transition of
energy has accelerated, extreme events have occurred
frequently, and the international situation has been unstable.
With the coexistence of conventional and unconventional
security risks, the risk of power system outages increases. A
robust and reliable network reconfiguration strategy is
important to prevent the recurrence of collapse during
restoration. Secondary faults or contingencies are rarely
considered in the existing research on power system
restoration. In view of that, this paper proposes a novel
network reconfiguration strategy with active improvement of
system resilience that considers the differential impact of
contingencies. First, the necessity of considering the impact of
contingencies in transmission network reconfiguration is
discussed. Then, based on Partitioned Multi-Objective Risk
Method (PMRM), a novel resilience index is proposed to
differentiate contingencies and highlight the impact of
high-risk failures. Then, a global optimization model for
network reconfiguration considering the active improvement of
resilience is established, which improves the resistance to
high-risk contingencies. In order to improve the solution
efficiency, a practical solution strategy based on the window
rolling mechanism is proposed, which can provide a network

reconfiguration scheme that considers both rapidity and
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robustness. The effectiveness of proposed method is verified by
the IEEE 39-bus and IEEE 118-bus system.
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Fig. 1 Diagram of power system response
characteristics under extreme events
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Fig. 3 Optimization model considering active improvement of system resilience based on rolling mechanism
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M B EBEHIHNESH

F Bl HIREZ 10 4 39 TR RABRHASH
Table Bl New England 10-unit 39-bus power

system unit parameters

WM T/ Pug  Pegl Ky
]’;‘Lg/h Ts,zyg/l’l ch‘g/h TCH‘g/h

MLE%HS) MW MW (MW-h)
30(1) 300 — 225 - - - =
31(2) 600  30.0 200 050 375 325 —
32(3) 250 125 160 067 231 —  —
33(4) 200 10.0 108 050 200 — @ —
34(5) 300 15.0 100 110 167 — 4
35(6) 250 125 180 083 167 —  —
36(7) 330 16.5 150 Lo 275 — —
37(8) 320 16.0 120 1.00 200 — 3
38(9) 300 15.0 200 083 150 —  —

39(10) 200 10.0 120 0.67 1.67 — —

% B2 IEEE118 TR REHESH
Table B2 1EEE 118-bus power system unit parameters

WS/ Pug P/ K,
Tagdh Togh Tecgh Tengh
HLAHS) MW MW (MW-h)
69(1) 350 — 225 - = - =
10(2) 220 30.0 200 050 110 — @ —
25(3) 300 12,5 160 067 188 —  —
26(4) 200 10.0 108 050 185 — @ —
49(5) 150 15.0 100 085 155  — 4
59(6) 160 12,5 180 083  0.89 3 —
61(7) 390 16.5 150 Lo 260 — @ —
65(8) 390 16.0 140 100 279 @ — 3
66(9) 516 15.0 200 08 258 —  —
80(10) 477 10.0 160 067 298 — @ —
89(11) 607 15.0 200 085 304 — = —
100(12) 252 17.0 140 07 180 —  —
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In recent years, the green-oriented transition of
and extreme events have
With  the of
conventional and unconventional security risks, the risk

energy has accelerated,

occurred  frequently. coexistence
of power system outages increase. A robust and reliable
network reconfiguration strategy is important to prevent
the recurrence of collapse during restoration.

However, the existing research on the restoration
process after extreme events mainly focus on improving
the rapidity of restoration. If the optimization goal in the
network reconfiguration stage is to minimize restoration
duration only, the resilience level of system will be low.
Some contingencies, such as the outage of critical lines
or units, may greatly reduce the system function, or even
cause a major blackout again.

In view of that, this paper proposes a novel network
reconfiguration strategy with active improvement of
system resilience that considers the differential impact of
contingencies, as shown in Fig. 1. Based on partitioned
multi-objective risk method (PMRM), contingencies are
divided into low, medium and high risk ranges. By
optimizing reconfiguration actions, reducing the impact
of these high-loss contingencies, the resilience of the
system could be improved and the rapidity of system

restoration could also be guaranteed.
Low loss/
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probability

System state
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probability

Ideal system state

Il‘ Resilience improvement
strategy

Medium loss/
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probability
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low exceeding
probability

1 »
By
Schematic diagram of PMRM and the resilience

Load loss 4

Fig. 1
improvement strategy

To realize the transmission network reconfiguration

considering active improvement of system resilience, a

S4

novel resilience index is proposed to differentiate
contingencies and highlight the impact of high-risk
failures during the network reconfiguration process. As
shown in (1), high risk urgency factor is introduced as
710.5<y<1), and then R,y can represent the resilience
level of the power system. The smaller the value of Ry,
the higher the resilience level of the system.

Rig =Ry +(=7)Ry (1
where R;, Ry, and Ry represent the risk of contingencies
with low, medium and high loss respectively.

Based on the proposed resilience index Ry, a global

network
considering the active improvement of resilience is

optimization model for reconfiguration
established. Then, in order to improve the solution
efficiency, a practical solution strategy based on the
window rolling mechanism is proposed. As shown in
Fig. 2, the rolling mechanism specifies a fixed window, in
which a short-term network reconfiguration optimization
model is established. By successively solving multiple
short-term mathematical programming model and iterative
checking problems, the network reconfiguration scheme

can be determined in acceptable time.

he determin ed restoration scheme
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Fig. 2 Optimization model considering active improvement of
system resilience based on rolling mechanism

The effectiveness of the proposed method is
validated on the IEEE 39-bus and the IEEE 118-bus test
systems. The results show that, the proposed method can
reduce the load loss of system when encountering
contingencies, and keep the system resilience at a higher
level during the dynamic and complex restoration
process.



