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ABSTRACT: There is a contradiction between the accuracy
and practicability of the short circuit ratio (SCR) for system
strength evaluation of renewable energy systems, and
numerous construction methods lead to inconsistent values of
the critical short circuit ratio (CSCR). This paper analyzed the
SCR index and proposed the CSCR calculation method. Firstly,
the short circuit capacity of AC system and the equivalent
grid-connected capacity of the renewable energy were derived.
Secondly, the SCR-S calculated by the capacity was proposed
according to the SCR concept, and the SCR-U calculated by
the voltage was proposed by the relationship between the SCR
and the node voltage. And then, the CSCR was solved
according to the maximum transmission power. It was
recommended that the CSCR extreme value 2 serve as the basis
to divide the system strength. Finally, the simulations verified
the accuracy and rationality of the system strength evaluation
according to SCR-S, SCR-U and CSCR.
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Fig.2 Short-circuit capacity calculating model
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Table 3 Calculation results of single-infeed systems
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-0.4 1.326 1.166 1.326 1.324
-0.2 1.204 1.098 1.204 1.203
R#0 0 1.107 1.064 1.107 1.106
0.2 1.025 0.986 1.025 1.025
0.4 0.956 0.993 0.956 0.956

T R2GHFAF, R=0 5 R0 ItF, [FREHEIH
KPR P-V M TEARAN ) AN F (R TR D3 2644 T
A AS FL AR E e S AN, I R B LU AN

TE RN R G H A, SCR-T.SCR-S il SCR-U
THE SRS 7RIl S F2 e RN, SCR-S. SCR-U
5 CSCR #%. AFfFIH, MRSCR X R4t H 3L
P50 B PPl I AR LR T CSCR (R <F o JRIEE T H
KB AT B v R R 2 B AT A 2 4 2 LU AR
1M CSCR & FE T R AT 115 . MRSCR & H
T RSB VEA S &, ] T4 ] S 1 ) e
%, DRIERGEAE N ZEREHE. KA
SCR-U 5 CSCRAH LB 22 4 L e 9 2 1E AT PF-Aiki
B B m i . DB BEVR IR 2R 50 H s S
SR EATVPALIN, SRR 74 B 195 75 KRG HA 2
K6 5 LR
52 ZIRARGEH

Z N R G HE B CUIRIE 2 5N BT YR 2 18]
MEAER, XA ASRH B4 S1E, S5
x4 Fron. ol A A HEEZ A RS
. FEM A2, 3 IFRRES EFE S, ARTK
K RIFMS 1 5 P-V HIZ i 9 Fion. &4t
b Tl S AR B ARAS I, % H 8% LU AR AR 1 1T B 45 2R
W5,

T4 ZBNEHSH

Table 4 Parameters of multi-infeed system pu

A5 RGP B 1 B2 3
R=0 0.3 0.12j 0.8j 0.8j

R#0 0.15+0.3j

R T If A e RASE), SCR-U F1 SCR-S
BAEMARTHHER, RELRENZZESIRE,
P& %% F CSCR. #IEEZ T, SCR-U MitH R
SRR, TR AR R AT DA T RS

0.06+0.12j  0.4+0.8j  0.4+0.8]
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Fig. 9 P-V curves of multi-infeed systems
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Table 5 Calculation results of multi-infeed systems

R QO A SCR-T MRSCR SCR-S SCR-U CSCR

1 2.801 1.561 2.085 2.087 2.056
0 2 4.545 1.382 1.894 1.896 1.894
3 4.545 1.382 1.894 1.896 1.894
R0 1 2227 1.360 1.745 1.745 1.742
02 2 4.545 1.272 1.731 1.732 1.728
3 4.545 1.272 1.731 1.732 1.728
1 1.290 1.089 1.098 1.098 1.095
0 2 4.065 1.140 1.163 1.163 1.151
3 4.065 1.140 1.163 1.164 1.151
R#0
1 1.081 0.993 0.939 0.939 0.938
02 2 4.065 1.071 1.057 1.057 1.052
3 4.065 1.071 1.057 1.057 1.052

Il AL Fa € I, MRSCR<CSCR, MRSCR B A {#
“pPE; SCR-T 5 SCR-U. SCR-S X |8 Z{EIE K,
SCR-T i F&M. BL CSCR NHWrbnnE, FKH
SCR-U. SCR-S X 215 N\ R4t L[5 S #5047 PF
I R HE R PR
53 HBEXZIEEEITEHES)

MARGIEFIBATI, LS I AU S L ]
TEERE RS, RAMEEREMEL, SRS/ T IG5
FL% LU KRG T AR EIRES .

B4 % 2R BN S00MVA I8 &2 48, ik
AR ET 2 B, ZHIRSCHER T RIRE], B
REVE IR B KN 250MW o 3 T 375 S 09T 7t T BE U5
FEMFAE X SCR-U [1ysema, {5 B 45 R 10 Br
No 0.4s RGFERIREIRE . BEE T REIE I M
LB, JF W s R BEAIK, @3k SCR-U 5
PIRE B LR /N . 1.6s BF, 7 BEUS AR IA B 5 K,
SCR-U=2. M#HRedEMBLILR] 250MW J5, R4
RERGE .

B, #3562 1 R=0. 0=0 LWMARY
SikgAdE. THAFEROT RS, RELTIER
A7 LB I 7 b BEROAS [F) Tl T R % be 5 11

BRLE, BRI H T SCHE 9 VAl Y IR A R AN 2P
FASGHE G LLAR PR A THRL S5 R T-3% 6.
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Fig. 10 Impact of renewable energy scale on SCR-U
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Table 6 Calculation results of multi-infeed system with

normal operation state

I 5 SCR-T MRSCR SCR-S SCR-U CSCR

1 2.976 1.760 2.183 2.184 2.056
2 4.545 1.535 1.943 1.944 1.907
3 4.545 1.535 1.943 1.944 1.907

ZHEB ) KRG FITIIKTE S 5.2 5 R=0.
0=0 ZWMANRGHBIMFE, HIKFAFR. 5.2 7
Hplh, RE00E RS2, SCR-ULSCR-S %5 CSCR.
53 THEGIY, REFE, CSCR /M SCR-U.
SCR-S, UL RGAF{EREMIE, (LiThF A
ZE[A], HrREVR AR AT LA 4 1

6 ZHie

ISR T P R e R S R G R i L AR
B, B H I T % L B (BB T B 077, DAL
S LS IR, DU B LR AR A AR AR T AR IR
X R G H R S R R AT VR A

D T ARSI E R LEPR SCR-S,
SCR-S 5 & 4050 % LU R An & LR — 50, 75500k
ARG HFEAFE, (HEZ ARG H SCR-S B
R HERAPE, AT DL S R G R A

2) PEHEET HRTHE M A L iR bR SCR-U,
B LU BT AL AR G B A (1) H s S RN R VR I
SR ) AR 2 TR AR X R 5, ST B L S O
W L 2 T R 5 R . SCR-U 5 SCR-S
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AFEMEYELA R 58 550 Ht g RAHE . FHE
2N, SCR-U K HH Ha i EAT V1 550 0] 7 (B b gk 47 T2
TR 5 Xof 35 0 I 1) 2R 95 FEL T 743 5 R SR I 0 L
HEER L.
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NEERYE, SCR-U<2 B, SCR-S<2 [ REGNTI RS,
SEPRIG S0 % L S S R Gusm s IR bR It — o

4) ZHREIRSIARF R, HREURIEMN R R
A RETE AL BIFR S R R e I RS, BSiae
PR 2 R G R e IB AT I EAE TR 0 25 5 B —
TR RE IR A RN RGBT,
Wl R AT IR M.

B35 3R

[1] IEEE. IEEE guide for planning DC links terminating at

AC locations having low short-circuit capacities: IEEE Std
1204-1997[S]. IEEE, 1997.

[2] Conseil International Des Grands Reseaux Elecctriques.
Connection of wind farms to weak AC networks[R].
2016.

[3] STRACHAN N P W, JOVCIC D. Stability of a
variable-speed permanent magnet wind generator with
weak AC grids[J]. IEEE Transactions on Power Delivery,
2010, 25(4): 2779-2788.

[4] LEE D H A, ANDERSSON G. An equivalent single-
infeed model of multi-infeed HVDC systems for voltage
and power stability analysis[J]. IEEE Transactions on
Power Delivery, 2016, 31(1): 303-312.

[5] THk, aMEZR, R4, . R TIREEANEIE
PR B AR R 4R J/OL]. [ AL LR A4k,

2021[2021-12-29]. http://kns.cnki.net/kcms/detail/11.2107.

tm.20211102.1440.003.html.

YU Lin, SUN Huadong, XU Shiyun, etal. Overview of
strength quantification indexes of power system with
power electronic equipment[J/OL]. Proceedings of the
CSEE, 2021[2021-12-29]. http://kns.cnki.net/kcms/detail/
11.2107.tm.20211102.1440.003.html(in Chinese).

[6] #MER, £, &, F. @GR THIIRS
FEVER Gt MR AU () Spulika e HIAE[I/OL].
o E AL TR 4R, 2021[2021-12-29].  http://kns.cnki.
net/kems/detail/11.2107.TM.20210809.1658.008.html.
SUN Huadong, WANG Yiming, GAO Lei, et al. Research

on unification stability criterion for the power electronics

dominated power system(I): criterion of the power-
electronic interfaced plant[J/OL]. Proceedings of the
CSEE, 2021[2021-12-29]. http://kns.cnki.net/kcms/detail/
11.2107.TM.20210809.1658.008.html(in Chinese).

(7] #MER, £, &, . mHOR B THRIRS
TR RIS — MEAIHE DT FE( =) XHAR E 4 [J/OL].
b E L T AR 4R, 2021[2021-12-29].  http://kns.cnki.
net/kems/detail/11.2107.TM.20210809.1722.011.html.
SUN Huadong, WANG Yiming, GAO Lei, et al. Research
on unification stability criterion for the power electronics
dominated power system(Il): criterion of the power-
electronic interfaced subsystem[J/OL]. Proceedings of the
CSEE, 2021 [2021-12-29]. http://kns.cnki.net/kcms/detail/
11.2107.TM.20210809.1722.011.html(in Chinese).

[8] ZHANG Yang, HUANG S HF, SCHMALL J, et al.
Evaluating system strength for large-scale wind plant
integration[C]//2014 IEEE PES General Meeting |
Conference & Exposition. National Harbor: IEEE, 2014:
1-5.

[91 The Minnesota Utilities and Transmission Companies,
Minnesota Department of Commerce . Minnesota
renewable energy integration and transmission study[R].
The Minnesota Utilities and Transmission Companies,
2014.

[10] WU Di, MA Feng, JIANG J N. A fast weakness analysis
method for renewable energy integration[C]//2018 IEEE
Power & Energy Society General Meeting(PESGM).
Portland: TEEE, 2018: 1-5.

[11] AueE, HiSoms, xial, 5. Brsedik AR m Bos &
RO LT R ED]. I RF AN, 2021, 45(22):
74-82.

ZHU Lingzhi, QU Li’nan, LIU Chun, etal. Improved
calculation method of equivalent short-circuit ratio for
power generation cluster of renewable energy[J] .
Automation of Electric Power Systems, 2021, 45(22):
74-82(in Chinese).

[12] #MVEZR, 1R, WG, 5. el 2 bR b X
FARFR[I]. E L LR, 2021, 41(2): 497-505.
SUN Huadong, XU Shiyun, XU Tao, et al. Definition and
index of short circuit ratio for multiple renewable energy
stations[J]. Proceedings of the CSEE, 2021, 41(2):
497-505(in Chinese).

[13] Feifg, Eh, =AW, 5. R TZHARI RS
BT R L[] R E AL TSR, 2016, 36(22):
6013-6027.

XIN Huanhai, DONG Wei, YUAN Xiaoming, et al.
Generalized short circuit ratio for multi power electronic
based devices infeed to power systems[J]. Proceedings of
the CSEE, 2016, 36(22): 6013-6027(in Chinese).

[14] SEHulE, HERE, ¥F. 2HBARIRS) UHkK:



928 ST £ N =< 1 R B =3

42 %

ZFAE IR I]. AL TR 4R, 2020, 40(17):
5516-5526.

XIN Huanhai, GAN Degqiang, JU Ping. Generalized short
circuit ratio of power systems with multiple power
electronic devices: analysis for various renewable power
generations[J]. Proceedings of the CSEE, 2020, 40(17):
5516-5526(in Chinese).

[15] FMe, SBF L, RS HE. TN FHiRE s 4m

FAFH MMC R Gl 247 R LE VAl 73k (0], b
HLTRE2AR, 2019, 39(10): 2853-2863.
WANG Ye, GUO Chunyi, ZHAO Chengyong. A
quantitative evaluation approach for critical operating
SCR of MMC system based on small-signal stability and
operating constraints[J]. Proceedings of the CSEE, 2019,
39(10): 2853-2863(in Chinese).

[16] 3aft, =M, FHule, 5. FETT SUTBKEEERDGIR 2 15

ARGHFBNMNTTIED]. B RGH BN, 2019, 43(3):
147-154.
HUANG Rui, LAN Zhou, XIN Huanhai, et al. Capacity
optimization method for multi-infeed photovoltaic system
based on generalized short circuit ratio[J]. Automation of
Electric Power Systems, 2019, 43(3): 147-154(in
Chinese).

[17] WU Di, LI Gangan, JAVADI M, et al. Assessing impact
of renewable energy integration on system strength using
site-dependent short circuit ratio[J]. IEEE Transactions on
Sustainable Energy, 2018, 9(3): 1072-1080.

[18] ¥riedE, 29, Bk, 5. KIMBERHILERAFSH
FERE SER AR SEmI]. ARG AL, 2014,
38(9): 15-19, 33.

XU Xiaofei, MU Tao, JIA Lin, et al. Practical criteria of
static voltage stability in power systems with high wind
penetration[J]. Automation of Electric Power Systems,
2014, 38(9): 15-19, 33(in Chinese).

[19] HAU AIK D L, ANDERSSON G. Impact of renewable
energy sources on steady-state stability of weak AC/DC
systems[J]. CSEE Journal of Power and Energy Systems,
2017, 3(4): 419-430.

[20] CHEN Junru, MILANO F, O'DONNELL T. Assessment
of grid-feeding converter voltage stability[J] . IEEE
Transactions on Power Systems, 2019, 34(5): 3980-3982.

[21] 5K, EIH, TKER, &5 JEMARHLS 1B F P R ik
WERGER[I]. hE BN TR, 2021, 41(5): 1687-
1702.

ZHANG Yu, CAI Xu, ZHANG Chen, et al. Transient

synchronization stability analysis of voltage source

converters: a review[J]. Proceedings of the CSEE, 2021,
41(5): 1687-1702(in Chinese).

[22] TAYLOR CW. HJRGHEREM]. EHEME, #%.
AbsT: T H AR, 2002.
TAYLOR C W. Power system voltage stability[M].
WANG Weisheng, trans. Beijing: China Electric Power
Press, 2002(in Chinese).

B3R A

xAl JIMZR THRAREBRSIEFEE

Table A1 Maximum transmission power and critical voltage

;i Wikt
BN
R(E® +20X —2y) + EZ\(E> +40X - 4y)p
B#0 Prax = 5 2.2
(X -BZ%)
R#0 >
0%0 U= \/E +2(PR+0X)~2y
2p
o EAE? +40X(1- BX)
B0 ™ 2X|1-BX |
R=0
040 o VE? +20X(1- BX)
cr1 \/5 ‘ 1 _ BX |
E2
P =
B#0 max 2X|1—BX|
R=0 E
-0 v.=—0u =
Q cr \/5 | 1 _ BX |
o o R(E? +20X) + EZ\E* +40X
R;O max 2X2
2
040 U - /E +2(PR+0X)
2
E2
B=0 Pmax - E
R=0 5
-0 Uy =—
Q Ccr1 \/5
ELHARBR: 2021-12-30,
WS HEA: 2021-09-26,
fE&EN:
TH1991), &, LB, Hidr
N L) RGuARE A AT 545, ylplum@
163.com;
T SEEEE IMERA19TS), B, M,

BARR =R LRI, BTN ) RS
ENHT51EHI%, sunhd@epri.sgec.com.cns

(RfESRE Hm%)



Extended Summary

DOI: 10.13334/.0258-8013.pcsee.212399

Short Circuit Ratio Index Analysis and Critical Short Circuit Ratio

Calculation of Renewable Energy Grid-connected System

YU Lin, SUN Huadong", ZHAO Bing, XU Shiyun, ZHANG Jian, LI Zonghan
(State Key Laboratory of Power Grid Safety and Energy Conservation (China Electric Power Research Institute))

KEY WORDS: Short circuit ratio; critical short circuit ratio; renewable energy grid-connected system; system strength; maximum

transmission power

The short circuit ratio (SCR) is an important index
for evaluating the system strength of renewable energy
grid-connected systems. But there is a contradiction
between its accuracy and practicability, and the critical
short circuit ratio (CSCR) is not uniform due to
numerous construction methods. An accurate and simple
SCR is significant. This paper analyzes the SCR index of
the renewable energy grid-connected system and
proposes a calculation method for the CSCR to realize
the system strength evaluation.

Although the voltage stability problem involves the
dynamic characteristics of the power system, the static
analysis method based on power flow calculation is
useful when performing a fast approximate analysis of
the voltage stability problem. Based on the equivalent
model, the mathematical analysis is carried out to derive
the short circuit capacity of ac system and the equivalent
capacity of the renewable energy.

Considering the interaction among the infeed
renewable energy, the SCR-S based on equivalent
capacity at the i-th node is mathematically expressed as:

S, UE. .|Z;
SCR-SiZ ac,i _ | N eq.,;/’u|
70

eq, i -
S»+E < .
15, Z; U, /|

J#E i

(M

where Uy is the nominal voltage at the i-th node; U. is

1

the node voltage; E, ; is the potential provided by the

i

synchronous generator; Z;

; 1s the mutual impedance

reflecting the interaction between two nodes and Z, is
the self-impedance; S; and S, are the capacity of the

renewable energy directly connected at the i-th node and
the j-th node.

The SCR-U is calculated by the voltage and it
explains the relationship between the SCR and the node
voltage through mathematical expression clearly:

|UnEeq.i |

SCR-U, = — il
AU, |

2

S7

The relationship between the SCR and the node
voltage change is shown in Fig. 1. The lower system
strength, the larger voltage disturbance caused by
renewable energy connected to the system, and the
smaller SCR.
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Fig. 1 Relationship between SCR-U and AU;

Based on the maximum power transfer theorem, the
corresponding system voltage has a unique value at the
voltage collapse point. The mathematical expression of
CSCR can be derived as:

CSCR =S — S —. 3)
Smax | Pmax + .] Q |
o R(E* +20X)+ EZ\|E* +40X @
max 2X2

There are two equivalent SCR indexes: the SCR-S
and the SCR-U. The SCR-S explains the concept that is
proportional to the fault level and inversely proportional
to the effective penetration of renewable energy system.
The SCR-U explains the relationship between the SCR
and the node voltage through mathematical expression.
Compared with SCR-S, the SCR-U is more conducive in
the application of the actual engineering systems. It just
needs the voltage data monitored in real-time rather than
complex system parameters. Furthermore, the CSCR are
derived. The distance between the SCR-U and the CSCR

represents the voltage stability margin effectively.



