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Capacitance Value Analysis
of Sub—module Test Circuit for MMC-based HVDC System
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Abstract

This study considers the design of a submodule test circuit for the modular multi-level converter
(MMC)-based HVDC systems. A novel submodule test circuit is proposed to provide not only an AC but also
a DC component to the submodule current. However, the current waveforms depend on the capacitor voltages.
Therefore, determining the capacitance value of the test circuit is important. Finding a proper capacitance value
is easy when the proposed analysis method is used. Simulation and experimental results show the usefulness of

the proposed method.
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Fig. 1. HVDC station using modular multi-level converter.
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Fig. 2. SM test circuit providing both AC and DC current component.
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Fig. 3. Switching state and current waveforms of SM test

circuit.
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Fig. 4. Waveforms of i;, ip, i, and v
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Fig. 6. Waveforms with the variation of C,,,.
TABLE I
SIMULATION PARAMETERS
Parameter Value
V,, (e, (Vaws? 2000 [V]
(Ve Y 1500 [V]
Iy 60 [Hz]
L 417 [mH]
Cr C; 2 [mF]
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TABLE II

EXPERIMENTAL PARAMETERS
Parameter Value

Vi, vars (Vaus ) 100 [V]
(Veen) 7 [V]

[y 60 [Hz]

L 52 [mH]

Ceen 15 [mF]

Cr, C; 2 [mF]

Upk 30 [A]

Ipc 10 [A]
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TABLE III
EXPERIMENTAL RESULTS

Parameter Value
(ver) 1058 [V]
(veg) 1046 [V]
UL maz 42.3 [A]
1, min -196 [A]
LR max 238 [Al
LR, min -36.3 [Al

Fig. 8 Experimental waveforms of wv,,, i, iz and 1%
(Ut 20 [V/div], 45, ipt 50 [A/diV], 4,," 100 [A/div]).
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Fig. 9. Experimental waveforms of vy, i, ip and 4; (v
20 [V/div], iy, ipp, i 50 [A/div]).

Fig. 10. Experimental waveforms of vep, ipp, ipp and ip
(vegt 20 [V/div], igy, ipp, ip' 50 [A/div]).
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