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ABSTRACT: As the scale of renewable energy integration in
the power system continues to increase, the scenario of
renewable energy stations connected to weak AC grid appears
in some local areas, giving rise to broad-band oscillation or
overvoltage, which restricts the security and stability operation
of power system. Aiming at determining the scale of renewable
energy integration, it is of great urgence to propose a
quantitative index which possess solid theoretically foundation
as well as practical engineering background. In this regard,
firstly, based on the physical meaning of short circuit ratio,
considering mutual influence of multiple renewable energy
stations, the definition and calculation method of multiple
renewable energy stations short circuit ratio (MRSCR) was
proposed. Calculation formulas for different application
scenarios were derived according to the correlation between
system impedance ratio and short circuit ratio. In what follows,
a qualitative analysis of the critical index of MRSCR was
carried out, and the critical MRSCR index was proposed
through calculation with practical power system parameters.
Finally, the MRSCR calculation module was developed based
on PSASP, and time-domain simulation was carried out, which
verified the effectiveness of the proposed MRSCR and its
critical index for the indication of the power system voltage
strength.
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Fig. 1 Simplified model of AC system connected with
multiple renewable energy stations
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As the integration scale of renewable energy stations
in the power system continues to increase, the scenario of
renewable energy stations connected to weak AC grid
appears in some local areas, giving rise to broad-band
oscillation or overvoltage, which restricts the security and
stability operation of power system. In this regard, it is of
great urgency to propose a practical quantitative index to
determine the scale of renewable energy integration in a
high-proportion renewable energy power system.

Based on the physical nature of the short circuit
ratio of power system, in this study, the Multiple
Renewable Energy Station Short Circuit Ratio
(MRSCR) is defined, which takes into account the
interaction between multiple renewable energy stations.

Taking a single renewable energy station feeding
into the AC system as an example, the influence of the
system impedance ratio (X/R) on the short-circuit ratio
(SCR) is analyzed that when X/R>10, the derivative of
the SCR curve with respect to X/R is less than 0.01,
which means that the impact of variation of X/R on SCR
can be ignored. By further considering the assumption
that the voltage phase angles between the stations are
similar as well as the voltage amplitudes are 1, MRSCR
possess the same expression as the traditional MISCR.

MRSCR, =

‘Ui*u Ni /Zeqii‘ X
o R
Seei + Z IT;; Sge;
j=1, j# (1)
Snaci , %zloa|ui|=|uj|=l
Prei + z _/lij Prgi
jei, j#i

where U, is the rated voltage of the i-th node, Z,; is
the element in the i-th row and j-column of the

equivalent node impedance matrix Z., as seen from each

S11

renewable energy generator bus or station connection

point. S, =UZ /|Z.i|, See and Pag are the three-

phase short-circuit capacity, apparent power, as well as
active power input of the renewable energy generation or
grid connection point, respectively; TI; =Z,;U;/

eqij
Z.wU] and 4 =|2.,/Z,,| are the plural and real

eqii eqij’ “eqii
power conversion factor between the renewable energy
station i and station j, which reflects the difference in the
magnitude of the equivalent impedance of the station.

MRSCR can consider the amplitude and phase
difference of the electrical quantities between different
nodes, and take into account the impact of the reactive
power of renewable energy generation equipment, so it
is suitable for the evaluation calculation of system
strength of multiple renewable energy stations in various
scenarios.

In what follows, combined with large quantitative
of simulation examples for verification, this paper
recommends that if the grid-connected point MRSCRs
indicators of 2.0~2.5, the

renewable energy generators are able to achieve a normal

arrives at the critical

operation status, and if the grid-connected point
MRSCRg exceeds the critical indicators of 3.5, the AC
system connected with multiple renewable energy
stations is of a relative strong system voltage strength.
Finally, based on the Power System Analysis
Synthesis Program (PSASP), the MRSCR calculation
module was developed, and the MRSCR of each
renewable energy station of a DC sending-end system
was calculated. The results of time-domain simulation of
demonstrate the effectiveness of the proposed MRSCR
and the critical index in the indication of the system
strength of multiple renewable energy stations are

connected to the system.



