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Voltage Instability Analysis via Hybrid System Reachability*

Yoshihiko Susukif, Takashi HIKIHARAT

Analysis of voltage instability of power systems is of basic importance for prevention of cascading

outages and large blackouts. We propose to use reachability analysis of hybrid automaton for voltage
instability analysis of power systems. Hybrid automaton is a well-known mathematical model of
hybrid systems. Reachability analysis is performed by computing forward or backward reach sets
for unsafe sets of a hybrid automaton. The automaton can represent interaction between continuous
voltage oscillation and discrete control of power equipments. The unsafe sets are also subsets of
state space in which system voltages show unacceptable levels such as low or high values. For single
machine-load bus (SMLB) system with controlled route switching, we show that computation of
backward reach sets of hybrid automaton makes it possible to determine voltage instability in the

SMLB system. The obtained result implies that voltage instability leading to cascading outages can

be detected before its occurrence.
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Fig. 1 Single machine-load bus system and its route

change
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Fig. 3 Hybrid automaton H describing the interaction

between voltage fluctuation and route change
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Each two-dimensional surface denotes the set I of
initial conditions. Any trajectory in the reach sets
reaches the boundary 0T of unsafe set T in time
0s to Tex.
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Fig. 5 Backward reach set for the hybrid automaton H.
The two-dimensional surface in the figure denotes
the set I of initial conditions. The union of sub-
sets R; represents the reach set for the unsafe set
T.
(b) Tex=3s
\\\\
x\\\xﬁx\
§
reach set § w
TIME /s
Fig. 6 Time responses of load voltage E for the three
(c) Tex=3.5s initial conditions in Fig. 5. The numbers (1,2,3)
. . show discontinuous behaviors at tc =2.5s for the
Fig. 4 Backward reach sets for the continuous model (2).

conditions.
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