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Fig.1 Topology and control strategy of superconducting magnetic energy storage system
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Fig.2 Topology and operating modes of chopper
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4.2 ZiFMEE RS & E
4.2.1 g B SORE T L g

S E DL 100 KW H E D 58 L, 1=3.0 s B
T B IF R0 5 1 km b & A A 2 L BCRE L =35 s
1= 2 ROl L U= o R =R R S
FIE7R o

WA BB T e 32 O 0 R 4 L 4 () BT S B A R
JE A BB & A 5 R ) k7, O I 8 1E )7 i A AUE
1.0 pou BRYE = 0.76 pou.. BCFERT G 28 37 A L
W 4(b) Fr7Rs , B BE AR 3 f A7 O B = A X AR, 1R
(B 29 0 4 LR A 1.2 F5 o 3k 2 DR Ry 728 97 4 4 ol 3
WS RO T BT E I A SR R R A R AT
e 300 [6] 0 5 B 3 B0 A R O, T L 4 () b R R BT R
5 A0 R E H R RV (0.3<<a<<0.9) I, N ST
W H R A, AR G A ) E B T T IR (G, =
0.28 p.u.) M H AR 58 o AKX (15) 5 45 1
— 2, A 4(e) LR TR

il i 44 ] 22 3 00 A5 T Ty 2R I Ty Ty 3 A B G ]
DR W E ACd) s o i 500 J5 58 3 M & &
WK&A% T A T 1) F P B T T S A A7 BRI O s
(4 52 ), P D) [ 22 45 A% B A D D R b . LR
) FEL 3 Ty A0 EL AN HL R Uy R 4 Ce) BT 7R o o T i
N JF A A D TR AR A E N 2 1) RS A e R 1R
BETRE &, B UM AU L BEOK, B R U, B
fiX, 3.5 sHF BB B , U k75 % 0.75 p.u.o
4.2.2 KRR R

- AGHE DL 100 kW T E TR . 1=8.0 s}
FEE B0 9 1 km A & AR 3E 4 T8 M = AH 42 s
1=8.5 s I MU B3 2% o 3 T A A L I 0 A 4 4 AR
wmE 5 Frs .

T e A I O H A 5 (a) BT o ORRE &

186

L /kV

i 2.9 3.0 3.1 32 33 3.4 3.5
I [)/s
(a) ZETHLM = A

——AH; — BAH; — CH

) 3.0 3.1 32 33 3.4 3.5
/s
(b) 2 LM —HH HL 3

—_

2.9 3.0 3.1 32 33 34 3.5
f5F[a]/s
() ZETRMI R AR dg AR Z8 T (4 IE 57FF

150
100
= .
# 50 7@‘{}[”}”ﬁﬁﬂ]ﬂ]%
i —— SRR
R 0 — B
-50 L L L L L n
2.9 3.0 3.1 3.2 33 34 35
/s
(d) ZEHAFE A B
1.50 R 0.20
§ —— T
d T -
\g:) 1250 [ER/ RGNS 0.15 gu
= o
=
2
é
pS
i
050 I I I I I 0
2.9 3.0 3.1 32 33 34 35
/s

(e) FLUAM R AL
B4 MBRBEEHELR

Fig. 4 Simulation results under two-phase-to-ground fault
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Fig. 6 Simulation results on DC side in charging scenario
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Modeling and Fault Characteristic Analysis for High-temperature Superconducting
Magnetic Energy Storage System
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Abstract: The instability of renewable energy power generation has exerted a significant impact on the safe and stable operation of
new power systems, and the energy storage technology serves as an effective solution to address this issue. Owing to its
advantages such as high power density and fast response speed, the high-temperature superconducting magnetic energy storage
(HTS-SMES) demonstrates promising application potential in mitigating power fluctuations of renewable energy sources and
enhancing power quality. To comprehensively and thoroughly analyze the fault characteristics of HTS-SMES after grid
integration, this paper establishes a simulation model of the HTS-SMES grid-connected system based on its topological structure
and control strategy. The model simulates the dynamic response processes following an AC-side short-circuit fault and a DC-side
magnet quench fault on the HTS-SMES side in both charging and discharging scenarios. On this basis, the differences in fault
characteristics of HTS-SMES in charging and discharging scenarios are clarified, and the primary reasons for these differences are
analyzed. Finally, the functionality of the established model is validated using PSCAD/EMTDC.
This work is supported by National Natural Science Foundation of China (No. 52477025).
Key words: high-temperature; superconducting magnetic energy storage; short-circuit fault; magnet; quench fault; low-voltage ride

through; power fluctuation
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