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ABSTRACT: With the large-scale integration of DC and
renewable energy or other power electronic devices, power
electronic multi-infeed systems (referred to as multi-infeed
systems) have become a typical form of modern power
systems. The safe and stable operation ability of multi-infeed
systems is closely related to voltage response performances
under the disturbance. The industry commonly uses the concept
of system voltage support strength (referred to as system
strength) to describe the voltage response performances of the
closed-loop systems composed of power grid and power
electronic devices, while grid strength describes the equivalent
AC grid performance without considering the dynamics of
these devices. The existing studies generally assume that there
is a positive correlation between grid strength and system
strength, and also assume that short-circuit ratio can describe
grid strength. However, it does not reveal the internal relations
among grid strength, short-circuit ratio, and system strength. To
this end, this paper focuses on system strength issues under the
small disturbance, and describes the system strength
characteristics from the following three dimensions including
disturbance rejection performance, synchronization stability,
and static voltage stability. Then, this paper reviews the system
strength quantification principle of decoupling multi-infeed
systems dynamics into multiple single-infeed systems
dynamics, and clarifies the analytical relations between
generalized short-circuit ratio (gSCR) and system strength. On
this basis, the internal relations among system strength, grid
strength, device critical short circuit ratio are further revealed.

The results show that the gSCR reflects the maximum
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sensitivity of the network’s multi-port voltage towards current,
therefore it is not necessarily related to the short-circuit current.
Moreover, the relative difference value between the gSCR and
device critical short-circuit ratio can reflect the safety and
stability margin of multi-infeed systems to some extent.
Furthermore, the gSCR concentrated criterion and the
dispersive criterions from the perspective of the single bus are
proposed to quantify the system strength. This paper
demonstrates the connections and distinctions between the
traditional CIGRE multi-infeed short-circuit ratio and the
gSCR. Finally, the effectiveness of the quantification principles

and methods are verified by several cases.

KEY WORDS: response performance; grid strength; system
strength; generalized short-circuit ratio; device critical short

circuit ratio
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Fig.1 Multi-infeed system under disturbance.
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With the penetration of DC and renewable energy
or other power electronic devices increases, the power
electronic multi-infeed systems are characterized by low
system voltage support strength (referred to as system
strength) and high risk of safety and stability. The
concept of the system strength is to describe the voltage
response performances of the closed-loop systems
composed of power grid and power electronic devices,
while grid strength describes the equivalent AC grid
performance without considering the dynamics of these
devices. The existing studies generally assume that there
is a positive correlation between grid strength and
system strength, and also assume that short-circuit ratio
can describe grid strength. However, it does not reveal
the internal relations among grid strength, short-circuit
ratio, and system strength. Therefore, it is necessary to
clarify how to define and utilize the short-circuit ratio
metrics to quantitatively analyze the system strength and
reflect the system margin.

To this end, this paper focuses on system strength
issues under the small disturbance, and describes the
system strength characteristics from the following three
dimensions including system disturbance rejection
capability, small-disturbance synchronization stability,
and static voltage stability. Then, this paper reviews the
system strength quantification principle of decoupling
multi-infeed  systems  dynamics into  multiple
single-infeed systems dynamics, and clarifies the internal
relations among the system strength, generalized
short-circuit ratio (gSCR) shown in (1), device critical
short circuit ratio (SCRy). Then, the gSCR concentrated
criterion (3) combining gSCR and SCRy is proposed. For
convenience of applications, we further propose three
system strength dispersive criterions (4) (p=1,2,3)

combining the node gSCR (NgSCR,”) in (2) and SCR,

S9

from the perspective of in the single bus.
gSCR 2min A(S}'Z,')=min A(S,'¥, )=1/ max-
A(ZWSB):Q_(SZ;I/ZZr;lSZ;l/Z):5—1 (Sé/Zstllg/Z) (1)
1/\Z,
NgSCRV=— 1 o 2 )
ri(ZmSB) SBI + z gMHE,(-”) 'SB/‘

J=1,j#i

where S denotes the diagonal matrix composing of each
device capacity; Z,, is the real number matrix obtained
after taking the modulus value of each element of the
impedance matrix Z; Z; denote the i™ row and i column
element of matrix Z; gMHF};") is the interaction
coefficient; A(:),& (-), o (-), respectively denote to
calculate the eigenvalues, the maximum or minimum
singular value of the given matrix;
gSCR > CgSCR,, =SCR,,
NgSCR!” > CgSCR, =SCR,, i=1,-

3)
“4)
where CgSCR, represents the critical value of gSCR

N

when the closed-loop voltage response performance of
the multi-infeed system reaches the critical state, and the
value of CgSCRy is exactly equal to SCR,,.

Further, we propose the margin quantification
method for multi-infeed systems based on the metric f%.
For instance, the margin at least £,%=20% needs to be
preserved, that is, the following is satisfied:

a g8SCR -SCR,

SCR, ©)

B% < 100% > S, % =20%

Moreover, this paper demonstrates the connections
and distinctions between CIGRE short-circuit ratio and
the gSCR. And it is proved that the CIGRE multi-infeed
short-circuit ratio is only a special kind of gSCR
dispersive criterion with strong conservative and poor
scalability. Finally, the effectiveness of the quantification

principles and methods are verified by several cases.



