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ABSTRACT: Modern power systems are developing as
AC-DC hybrid power systems with high penetration of
renewables. The nature of voltage stability of the system is
changing profoundly, and has been extensively studied.
Existing studies adopt various test systems in simulations and
case study. Authenticity and rationality of the test systems are
occasionally overlooked. On the other hand, it is hard to
compare the studies in different literature. In view of the above,
this paper designs a benchmark for voltage stability study, i.e.
CSEE-VS, based on the practical engineering of China. It
addresses voltage collapse and continuous low-voltage after
AC fault, which are typical scenarios of voltage instability.
Penetration of renewables in the system is above 50%. Critical
factors that influence voltage stability are studied for the
benchmark, including penetration of renewables, power level
of HVDC, configuration of synchronous condenser, etc. The
study has shown that the benchmark is capable to reflect
typica performance in voltage instability, and reflect several
novel performances in system with high penetration of
renewables. It can serve as an effective testbed in related fields.

KEY WORDS: voltage stability; renewable energy; AC/DC
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Fig. 6 Post-fault voltage collapse
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Modern power systems are developing as AC-DC
hybrid power system with high penetration of
renewables. Voltage stability of the system is changing
profoundly, and has been extensively studied. However,
the studies adopt various test system in simulations and
case study. Authenticity and rationality of the test
systems are occasionally overlooked. Besides, it is hard
to compare the studiesin different literatures.

In view of the above, this paper designs a
benchmark for voltage stability study named CEPRI-VS,
which is based on the practical engineering of China.
Topology of the system main grid is demonstrated in
Fig. 1, with its renewable penetration above 50%. The
system is comprised of 20 nodes of 500kV, and 46 nodes
of lower voltage level that depict details of power plants

and converter stations.
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Fig.1 Main grid of CEPRI-VS

Two typical voltage stability scenarios are
incorporated in CEPRI-VS, i.e, voltage collapse and
continuous low-voltage. The constraint fault of both
scenarios is N-2 transmission line disconnection after a
three-phase-to-ground fault between bus B0O3 and bus
BOS5.

Voltage dynamics of the two scenarios are
demonstrated in Fig. 2 and Fig. 3, respectively. Some
new, distinct performances induced by renewables are
incorporated as well. Fig. 4 gives an example of repeated
low-voltage-ride-through of a wind turbine in voltage
collapse scenario. The performance results in abnormal

S3

voltage oscillation, as can be seen from bus B08 in
Fig. 2.
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Fig. 2 Dynamics of voltage collapse scenario
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Fig. 3 Dynamics of continuous low-voltage scenario
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Fig. 4 New distinct performanceinduced by renewables

The benchmark has been extensively tested in the
paper. It is expected to serve as an effective testbed for
studies and researches of voltage stability in AC-DC
hybrid system with high penetration of renewables.



