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Fig.1 Circuit topology of sub-module
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Fig.2 Typical and simplified model of sub-module
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Fig.3 Optimized model of sub-module
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Fig.4 Simulation model of static DC charging process
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Fig.5 Flowchart of capacitor voltage balancing
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Fig.6 Voltage waveforms with larger balancing resistor
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Fig.7 Voltage waveforms with smaller balancing resistor
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Fig.8 Relationship between balancing resistor
and discharge time
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Fig.9 Experimental waveforms of sub-modules in
repeated start-up and shutdown
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]/ min S RS TR R A
A B #H CH
5 16 14 21
10 83 74 89
15 154 121 159
20 212 162 220
25 221 208 227
30 236 230 235
b. X MMC Y85 28 8 17, 4% TR He e
A EIEAREFELE 1600V, LA MMC #1785 &

51 | 58 N T AR B L 25 R R

AR B s He e 2 AN T AR e H 2 H R R R
Ak 1) 25 Ak % T2 & 10 Bz . B R 10 1T L AR 3
$ 1A i e AR R T R B BCAE fR R R B 2R A
L T R R A A O B R SR D AR —
B, TR 2 A R R H A ) R RO an 2 3
B, M3 AL ERF S 1h WA
ZEHEAR T 1V, UE B AR SCHE 2 B S B0
V17 % 09 2 R B [A)  EEOR

= 2000
> T 2 KK
2 1000 W
% ) THEH IR RE
B s .
5 10 15
] / min

B 10 BERERMBRENETLRRE
Fig.10 Waveform of capacitor voltage vs. discharge time
F3MMCEEEHEREBESERBE
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Parameter optimization strategy of sub-module balancing resistor in MMC
LI Chao,TANG Zhijun,LIN Guodong,LIN Jindong, LIN Wenbin,YU Sihang,CAI Meijie
(Electric Power Research Institute of State Grid Fujian Provincial Electric Power Co.,Ltd.,Fuzhou 350007, China)

Abstract: The balancing resistor of sub-module balances the voltage in the start-up process of MMC
(Modular Multilevel Converter) and works as discharge resistor in the shutdown process,but there is a
lack of the theoretical basis and optimization strategy of parameter design for the balancing resistor.
Relative parameters of balancing resistor and draw-out power supply are introduced by optimizing the
simulation model of sub-module. The influences of balancing resistor parameter on voltage-balancing of
sub-module capacitor in the start-up process of MMC are analyzed,and the mechanism that voltage-
balancing effectiveness is degraded with a too large balancing resistor is clarified. The calculation method
of sub-module capacitor’s discharge time after outage of MMC is corrected. The parameter optimization
strategy and detailed design process are proposed for balancing resistor,which meet the requirements of
capacitor voltage-balancing,discharge time and power. A design example of Xiamen HVDC flexible project
is given and related tests are conducted. Testing results verify the feasibility of the proposed parameter
optimization strategy of balancing resistor.

Key words: modular multilevel converter; sub-module; balancing resistor; parameter optimization; flexible

HVDC power transmission; models



