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Generalized Short Circuit Ratio of Power Systems With Multiple Power Electronic Devices:
Analysis for Various Renewable Power Generations
XIN Huanhai, GAN Degqiang, JU Ping
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ABSTRACT: The AC grid strength of power systems
integrated by renewable power generations via power
electronic devices should meet the requirement due to the risk
of system oscillation. However, due to the strong interaction
among the power electronic devices, it is difficult to evaluate
the AC grid strength. This paper explored the evaluation of grid
strength from small-signal stability perspective. Firstly, we
constructed the linearized model of multiple power
electronic devices infeed systems (MPEIS) and derived
the characteristic equation for the MPEIS. Then, based on
eigenvalue perturbation theory, it is proved that the dominant
characteristic locus of an inhomogeneous MPEIS can be
equivalently represented by that of a homogeneous MPEIS
which has the similar AC grid structure as the inhomogeneous
MIPES. Finally, we extended the application of generalized
short-circuit ratio (gSCR) from homogeneous MIPES to
inhomogeneous MIPES, as well as two equivalent definitions
and the calculation method of critical generalized short-circuit
ratio (CgSCR). The theoretical analysis results showed that the
definition of gSCR of a homogenous MIPES is still valid for an
inhomogeneous MIPES, while their critical values are different.
The case studies illustrated the effectiveness of the proposed

methods.

KEY WORDS: multi-infeed power system; small signal stability;
generalized short-circuit ratio (gSCR); AC grid strength
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Tab.1 Critical SCR of single-infeed power

system with various PLL parameters
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x2 FREBHERSHTRIRARRE SHFERFIEE L
Tab.2 Dominant eigenvalue and its damping

ratio for various PLL parameters

B 2 BT BRI P Lt
©) -3.0207+62.336i 0.0484
@ ~2.662+62.712i 0.0424
® ~1.6473+67.254i 0.0245
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ARGRLE LI, RGRE TR MR, i
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LRty IR A, S A A TEREAR LN,
RGBARFRUETE L RS k2, MEGRE
AR IR, RGUEARTE M IE T5 L, X
WAEIE T 5k 3 G 3.

PRI TN S HON R G R TR, DL
WA SCPTHR ) SCRL S EE3d ] T 5 4 22 90 vl IR i
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BRI RS HL KibE 0 MEFL 1 28]
BT 210 H1 0.1pu 73 AN 2] 0.15pu A1 0.2pu, R4
) AR B Lotk 3 P iiza&nl %,
BEE z0 UMD, ARG SRR AR, T SHFE
WRELELLA N, Rkt z, Wik, BEEZLE
HLHTIISE I, FR SR AR 55 MR SR e PR 7

R3 AE 2z RGN XEB L E SHHEEN

Tab.3 gSCR and eigen-structure of

systems with various z;

z10/pu gSCR F FHRER FHJE L
0.1 5.5516 —1.6473£67.254i 0.0245
0.15 4.293 —1.0581+67.33i 0.0157
0.2 3.657 —0.3338+67.318i 0.00496
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R4 FRLE CgSCR LUK ESHFERITLL
Tab.4 CgSCR and dominant eigenvalues of

systems with various z10

20l CgSCR e CgSCR el CoSCR i
efipa e OCC gy o HIXTR AT
{}/Hz fi/Hz — %/% R¥%

1 0.971 2.447 9.14 2481 9.20 1.38 0.66
B2 0.135 3.579 10.75 3.501 10.68 2.17 0.65
FBI3 0409 2748 1046 2771 1044 083 0.19
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Fig. 4 Power curves of three-infeed system when z;i=0.5pu
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AR SR Al—AS. W4 SEORE & A R
Kl A1—A3.
FAl TRFJIEHSH
Tab. A1l  Control parameters of converters

7 = Udc 34l P x4l
REGHAER B Sy/kVA 1500 1500
SETAUE - Un/V 690 690
HRAUE B Us/ V 1100 —
HIRHA Colpu 0.038 —
YU HUK Lipu 0.05 0.05
YES LAY Cpu 0.05 0.05
FLIRHRANE Ho(s) Ll B> 25 1,20 —
HINHHINE Hpo(s) LB F0r S50 — 1,10
RN I H(s)LLBl. B35 0.6, 8 0.6, 8
BAHIR Hpp(s) LB BN S50 12, 3020 10, 3020
P 03 Gp(s) IR FRT 17085 450 0.01 0.01
HIHEZHEH Usedpu 1 —
AT FES AU Prerlpu — 1




5526 i Bl

T % 4k o5 40 &

RA2 RBEANRFZRERE

Tab. A2  Converters’ capacities of two-infeed system

w1 B 2

P; 2 1

* A3 BIRAREMESY
Tab. A3 Network parameters of two-infeed system

Bk Bk FHLYUbS X (8
1 0 0.1
1 2 0.1
2 0 0.15

R A ZIEANRFRERE
Tab. A4 Converters’ capacities of three-infeed system

w1 B2 B3

P 2 3 1

RAS ZIRAREMESE
Tab. AS Network parameters of three-infeed system

B2k B2k PLERE L {11
1 0 0.1
1 2 0.15
1 3 0.15
2 0 0.15
2 3 0.15
3 0 0.1
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system strength

The ac grid strength of power systems integrated by
renewable power generations via power electronic
devices should meet the requirement for system stability.
Due to strong interaction among the power electronic
devices, it is difficult to exactly evaluate the ac grid
strength for multiple power electronic devices infeed
systems (MPEIS), as shown in Fig. 1. Generalized short
circuit ratio (gSCR) in our earlier work was proposed to
analyze the small signal stability of multi infeed system
via system decoupling skill, which can be used to depict
the strength of AC systems and unify the concept of SCR
in single and multi-infeed systems physically and
mathematically.

However, the applications of gSCR is limited on
the assumption that all power electronic devices are
identical (i.e., homogeneous MPEIS), which does not
meet the practical engineering. To weaken this
assumption, this paper applies modal perturbation theory
to explore the possibility of applying gSCR in
inhomogeneous MPEIS.

Firstly, we constructed the linearized model of
MPEIS and derived the characteristic equation for the
inhomogeneous MPEIS. Then, based on modal
perturbation theory, we proved that the dominant
characteristic locus of the inhomogeneous MPEIS can be
represented by that of an equivalent homogeneous
MPEIS. Finally, we extended the application of gSCR
from homogeneous MPEIS to inhomogeneous MPEIS,
as well as another two equivalent definitions and the

calculation method of critical generalized short-circuit

ratio (CgSCR). The theoretical analysis results showed

S11

that the definition of gSCR of a homogenous MPEIS is
still valid for an inhomogeneous MPEIS, while their
critical values are different. The case studies illustrated

the effectiveness of the proposed methods.

< Inverter bus

© Passivebus @~
D © Infinite bus

® Voltage source /
/

Fig. 1 Multiple power electronic based devices infeed system
The definition of gSCR is as follows:

1

SCR = min A(-S, B) = ——
g S B = A(5.2)

Q)

where —B is the node admittance matrix and Sy is the
diagonal matrix with the element capacity of power
electronic devices, Z=—-B"".

Two equivalent definitions of gSCR are as follows.

1) The definition of gSCR based on weighting

method:
gSCR = n” Zi )
Sgi+ Y, Sy x gMIIF,
J=1,j#i
with
Z. v,
MIIE, = —£ L 3
gMIIE, =— o 3)

where Z; is the element of Z and v;; is the element of
eigenvector corresponding to gSCR.
2) The definition of gSCR based on rayleigh

quotient:

T
gSCR = min x (B)x
xeR" x°Spx

“4)




