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Efficient simulation method for modular multilevel converter with
embedded super capacitor energy storage system
ZHU Qionghai, XIAO Huangqing
(Guangdong Key Laboratory of Clean Energy Technology,School of Electric Power,
South China University of Technology,Guangzhou 510640, China)

Abstract: There are a large number of semiconductor switching devices in the modular multilevel converter
with embedded super capacitor energy storage system (MMC-SCES),and the simulation scale of MMC-SCES
pose a huge challenge to the efficiency of electromagnetic transient simulation. To overcome this issue,it is
proposed an efficient MMC-SCES electromagnetic transient simulation method by constructing the Thevenin
equivalent circuit of the bridge arm. This method significantly reduces simulation time and maintains simu-
lation accuracy while preserving all dynamic variables of the converter. A dual-ending MMC-SCES simula-
tion system is built in PSCAD / EMTDC to validate the proposed efficient simulation method. The results
show that compared with the simulation methods based on the average value model, the proposed efficient
simulation method has higher accuracy and can fit the dynamic variables inside the submodules, compared
with the simulation methods based on detailed switching model, the proposed efficient simulation method
can increase the simulation speed by about 518 times, while the normalized integral of absolute error is
controlled within 1%.

Key words:modular multilevel converter;super capacitor energy storage;electromagnetic transient simulation;

Thevenin equivalence;efficient simulation method
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Table A1 Four working modes of sub-module

TAERES T, T, Ts Ts
ERPNIER 1 e 1 0 1 0
BN BB 1 0 0 1
IS RER 0 1 1 0
P ER A G 0 1 0 1
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Fig.A1 Control strategy of MMC-SCES
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Fig.A2 Equivalent model of numerical method of dynamic elements
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Fig.A3 Nested fast and simultaneous solutions approach for MMC-SCES
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Fig.A4 Submodule network solving
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Fig.B1 Two-terminal transmission system with MMC-SCES
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Table B1 Parameters of two-terminal transmission system with MMC-SCES

RGBS HAREUE
PO 0] 22 98 A0 FEL I 110kV
SR G 50Hz
ELLAUE HLE £200kV
ik B 200km
eIl E A 400MW
LY B 20
MR Lt 55.198mH
TR A2 2036uF
R A 5F
LR AR AE HLE 5kV
LR A AUE HLR 200A
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Fig.B2 Simulative results of DSM, AVM and proposed efficient simulation model
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