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Abstract It isdifficult to solve the problem of voltage balancing among the sub-modules (SM), thus, we adopted a kind of
parallel full comparison capacitor voltage real-time sorting algorithm based on FPGA from actual engineering standpoint.
Based on RT-LAB, we conduct experiments on a loop semi-physical simulation system. The results show that the algo-
rithm can realize the sort parallel technology of capacitor voltage with only four-clock operation time and the computation
time does not vary with the number of sub-modules, so that real-time effect is good. Moreover, the algorithm follows the
principles of avoiding unnecessary switch action that can reduce the switching frequency of devices and the switching
loss.

Key words HVDC transmission; MMC; capacitor voltage; FPGA; RTDS; RT-LAB
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Tablel Comparison values of capacitor voltages
A Ao(500) Ay(510) Ag(552) Ag(542) Aq(531) As(573) Ae(584) Aq(521) Ag(563) Ao(500)
A(500) 0 0 0 0 0 0 0 0 0 0
Ay(510) 1 0 0 0 0 0 0 0 1 2
Ay(552) 1 1 1 1 0 0 1 0 1 6
As(542) 1 1 0 1 0 0 1 0 1 5
A(531) 1 1 0 0 0 0 1 0 1 4
As(573) 1 1 1 1 1 0 1 1 1 8
As(584) 1 1 1 1 1 1 1 1 1 9
A/(521) 1 1 0 0 0 0 0 0 1 3
Ag(563) 1 1 1 1 1 0 0 1 1 7
A(500) 1 0 0 0 0 0 0 0 1
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7 MMC-HVDC
Fig.7 MMC-HVDC system structure diagram
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Table2 Parameters of simulation system
RT-LAB
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UdU, 110 kV/168 kv
FPGA UadkV 320
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CluF 5000
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200 ps I us 100
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8 2 MMC1
a Uc 8 6
FPGA
fo 1000Hz 300 Hz 1 4




3171

[

2

(3

4

(9

(6]

8l

[

[10]

References

Marquardt R. Stromrichter schaltungen mit verteilt enenergie spei-
chern:DE10103031A1[P]. 2001-01-24.

[J. 2011 26(5) 15-20.
TU Qingrui, XU Zheng, ZHENG Xiang, et al. An optimized voltage
balancing method for modular multilevel converter[J]. Transactions of
China Electrotechnica Society, 2011, 26(5): 15-20.

.MMC VSC-HVDC

[J. 2011 31(12) 9-14.

GUAN Minyuan, XU Zheng. Optimized capacitor voltage balancing
control for modular multilevel converter based VSC-HVDC system[J].
Proceedings of the CSEE, 2011, 31(12): 9-14.
10296992[P]. 2013-03-13.
WANG Ping, CHU Zunfang, LI Zixin, et al. A kind of modular multi-
level converter power module capacitor voltage equaizing method:
10296992[P). 2013-03-13.
10291659[P]. 2013-02-16.
ZHAO Chengyong, LIU Xinghua, WANG Chaoliang, et al. Pressure
control method for sub module packet of a modular multilevel conver-
ter:10291659[P). 2013-02-16.

[J. 2014 38(3) 52-58.
LU Yi, WANG Chaoliang, PENG Maolan, et al. An optimized method
for balancing sub-module voltages in modular multilevel converters[J].
Automation of Electric Power Systems, 2014, 38(3): 52-58.

[J. 2014 38(3) 1-7.
LIN Zhouhong, LIU Chongru, LI Haifeng, et al. A stratified voltage
balancing control method of sub-module capacitor voltage for modular
multilevel converter[J]. Automation of Electric Power Systems, 2014,
38(3): 1-7.

[J. 2014
34(33) 5846-5853.
PENG Maolan, ZHAO Chengyong, LIU Xinghua, et al. An optimized
capacitor voltage balancing control agorithm for modular multilevel
converter employing prime factorization method[J]. Proceedings of the
CSEE, 2014, 34(33): 5846-5853.

MMC [J.
2980-2988.
HENG Zhipeng, XU Jianzhong, YUAN Bin, et al. A capacitor voltage
balancing strategy adopting prime factorization method and shell sort-

2015 35(12)

ing agorithm for modular multilevel converter[J]. Proceedings of the
CSEE, 2015, 35(12): 2980-2988.
. MMC
[J. 2015 39(5) 1246-1253.

[11]

[12]

[13]

[14]

[19]

[16]

[17]

[18]

CHANG Fei, YANG Xiaofeng, JA Hailin, et al. A capacitor voltage
balance control agorithm for modular multilevel converter suitable to
field programmable gate array[J]. Power System Technology, 2015,
39(5): 1246-1253.
) FPGA [3.
2013 10(5) 126-127.
SHI Tingwel, JN Changjiang. Parallel full comparison sorting algo-
rithm based on FPGA[J]. Digital Technology and Application, 2013,
10(5): 126-127.
STATCOM

[a. 2014 40(8) 2440-2448.
ZHAO Chengyong, LI Dan, LIU Yuchao, et al. Control method for
HVDC system with STATCOM[J]. High Voltage Engineering, 2014,
40(8): 2440-2448.

[a. 2014 40(8) 2429-2439.
MA Weimin, WU Fangjie, YANG Yiming, et al. Flexible HYDC
transmission technology’s today and tomorrow[J]. High Voltage Engi-
neering, 2014, 40(8): 2429-2439.

[ 2015 41(7) 2362-2369.
LIU Zhiwen, LIN Zhishen, ZHOU Zhiguo, et al. Research on
real-time multi-rate simulation of voltage source converters[J]. High
Voltage Engineering, 2015, 41(7): 2362-2369.

[J. 2015 41(7) 2370-2377.
ZHAO Chengyong, LI Chunhua, L1 Luyao, et al. Forced commutation
topology to improve ability of HYDC commutation[J]. High Voltage
Engineering, 2015, 41(7): 2370-2377.
[M].
2007 14-16.
XIONG Yueshan, LIU Yue. Data structures and agorithms[M]. Bei-
jing, China: Publishing House of Electronics Industry, 2007: 14-16.
. [M].
2014 20-25.

XU Zheng, TU Qingrui, GUAN Minyuan, et al. Flexible HVDC sys-
tem[M]. Beijing, China: China Machine Press, 2014: 20-25.
. [M].

2014 50-60.
ZHAO Chengyong. HVDC modeling and simulation technology[M].
Beijing, China: China Electric Power Press, 2014: 50-60.

( )
1986—

E-mail: 14117397@bjtu.edu.cn

CHANG Fei

Ph.D. candidate

Corresponding author

2016-04-02 2016-08-19



