%22 % 2 W H IR 7 i Vol. 22 No. 2
2024 43 H Journal of Power Supply Mar. 2024

DOI; 10.13234/j.issn.2095-2805.2024.2.250 o B 4 % 5 . TM46 ERARAEHD A

BEHEELERSREERIE RS
TREERHR

F RLTEHS' ' wExr! K FrLRkER2LLE!
(1.} B B K5 (4 5)F AR I, B 266580;2.0 A 4L R £ A, d 273500)

WE.FHRAARCAAPIANFLFORABAEARAEGRER AR ARIR ARG K™ £
FA o, A xTZ P E AR RS RGP i A AR F 4% 58 SMES (superconducting magnetic energy storage ) ¥ & &
RBH RGBT N, 5T FRAARY ZAGESIEH B R ARSI XL T HR BB F R G5
FAMEMEN G0, FE SR FERF IR RS, 458 SMES L E RSB A L MRHEMR B XT ART AL S
HAEFT M F LG TR ET ZHEEW, AR Sk mg e Lz SMES X E 5 ARl Wit
#09 DC/DC HiR B F A& — 20w EiA Y i, AT T RAERA S &-F DC/DC #i% % DC-MMC (modular
multilevel DC/DC converter)# SMES X & @3 A F FHESAM I FEXERAZ L ETI AZABLAZRETRNS
A0 P BT AE B AL SRR AR R AR AR AR E L B i B3R A Y B4 T RN DC-MMC %9 SMES X &
ARG FERLAGRE FRB TS @6 TAT AR %,

KB R AR Y F G AR SRR AL N3 T AR M R IR B AR AL B8k 4 £ & -F DC/DC #ik %

Research on Superconducting Magnetic Energy Storage Device to
Improve the Stability of Flexible DC Distribution System
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Abstract: The converter with constant-power control in a flexible DC distribution system has characteristics of
constant-power load, which will reduce the system damping and adversely affect the system stability. To address this
problem, a superconducting magnetic energy storage (SMES) device is introduced to improve the system stability. A feed-
back control model of the flexible DC distribution system is derived, and the effect of constant-power load characteris-
tics of the converter on system stability is investigated by frequency-domain analysis. Combined with a mathematical
model and frequency-domain analysis, it is also pointed out that the SMES device can improve the system stability by
introducing positive damping to grid and increasing the phase margin of the system’s open-loop transfer function at the
shear frequency. To prevent over-high voltage at both ends of the superconducting magnet, the DC/DC converter which
connects the SMES device with the DC distribution network needs to have certain voltage regulation performance.
Therefore, the SMES device with a modular multilevel DC/DC converter (DC-MMC) is studied, which can adjust the
number of sub-modules flexibly to set the voltage ratio of the converter. Moreover, the DC-MMC can control the voltage

at both ends of the superconducting magnet while realizing a bidirectional flow of energy in the converter, thus protect-
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ing storage device. The feasibility and effectiveness of the
SMES device with DC-MMC in improving the stability of flex-
ible DC distribution system is verified by time-domain simula-
tion waveforms.

Keywords: Flexible DC distribution system; supercon-
ducting magnetic energy storage (SMES); small signal stabili-
ty; feedback control model; modular multilevel DC/DC con-
verter (DC-MMC)
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