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Improved Matching Control and Current-power Dual Limiting Strategy for
DC Direct-mounted Supercapacitor Energy Storage System
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(School of Electrical Engineering, Shanghai Jiao Tong University, Minhang District, Shanghai 200240, China)

ABSTRACT: The DC direct-mounted supercapacitor energy
storage system (DCDM-SESS) is a kind of grid-supporting
equipment with good application prospects, featuring large unit
capacity, high energy utilization efficiency, and flexible power
configuration. However, the existing grid-forming control
techniques do not hold for the DCDM-SESS. Firstly, the virtual
synchronous machine control strategies suffer from the
inherent shortcomings of uncontrolled supercapacitor energy
and a mismatch between system stability requirements and
supercapacitor capability. Secondly, although matching control
can solve the problem, the existing damping enhancement
strategies fail or suffer from shortcomings such as complex
parameter tuning. Last but not least, the existing current
limitation strategies under the grid-forming control framework
are generally premised on the same active and reactive
capacities and therefore cannot accommodate the differentiated
power design characteristics of the DCDM-SESS. To this end,
an improved matching control strategy based on supercapacitor
energy self-synchronization and active power feedback to
enhance damping is proposed in this paper, which can realize
the organic combination of phase-locked-loop-free grid
self-synchronization with oscillation suppression over full
power range, spontaneous inertia response and supercapacitor
energy autonomous management. In addition, a dual current
and power-limiting technique is presented to ensure the safety
of both power transistors and supercapacitors. These methods
by PSCAD/EMTDC
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diagram of supercapacitor grouping modes
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Mi%k A DCDM-SESS {FEFRIXHEERSH

#F Al DCDM-SESS {HEFHIKBEIESH
Table A1 Key circuit parameters of the DCDM-SESS for
simulations
MMC #4711 25 BUE PSS BUE
BUERINIR P/MW 20 AL AR T | 40
BUE LTI T# Qu/Mvar 50 YA RIS 38
A B HLE UgenlkV 285 R 2 P AR R K 2
BERAIE Ugnn/kV 2857  #BZLARFAE CIF 3
BUEASTMNR wnl(radls) 314 | B ARAFHEHEKY 075
MMC FHEHH N 50 | EBZBAEREHEKY 1
MMC FHREHHE B E/KY 0.9 A RRICEEN 375
MMC FHRIHZ C/mF - 15 R A RRUE HIRUA 350
MR HUR L/mH 16 P HBFFRERAMQ 01
SCR 15 | HRHARET RS MH 2

Miz% B DCDM-SESS # {47 IF LG PRy KX IR BR B 8

% Bl DCDM-SESS FE@H LI P KRB IR S ¥
Table B1 Key circuit parameters of the DCDM-SESS for
hardware in the loop experiment

MMC #5125 HfE PR NSH BdE
BEHIIZE P/MW 10 AR TR 15
BUE L)% Q/Mvar 50 PR TSNS 12
HE B FBLE Ugen/kV 9 R AR K 2
BE LW HE Ugma/kV — 28.57 BRHRARLAME CJF 3
BUESTIMANZ wpl(rad/s) 314 | B BAFHUEHIEKY 075

MMC P N 10 | WgBRAEREHIEKY 1
MMC FHRESAE B E/KY 45 P RERRCEIEN - 375
MMC FHEEHZE C/mF - 35 L A RAUE HIRIA - 550

MR HJK L/mH 16 B AFHRERNIL/Q 0.1
SCR 15 | BHHBEABE T RER/MH 2
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