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Integrated Fundamental Frequency Modulation Current-source-converter Offshore Station
with S7 Bridge Arm and the Control Strategy

FENG Dingteng, XIONG Xiaoling, WANG Shengwei, ZHAO Chengyong
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources
(North China Electric Power University), Beijing 102206, China)

Abstract: The use of IGCT-based current source converters (CSC) as the transmission solution for offshore wind farms
can significantly reduce the construction costs of offshore converter stations compared to traditional solutions, making it a
more economical choice. However, the existing modulation methods for CSCs use either pulse width modulation (PWM)
or fundamental frequency modulation. The former suffers from high switching losses, while the latter, due to having only
one control parameter (namely, the triggering angle), cannot achieve flexible control of active and reactive power. To ad-
dress these issues, this paper proposes a current-source converter station with integrated S7 bridge arms and its control
strategy. First, the STCSC DC transmission topology is introduced, and its operating model is analyzed in detail. The co-
ordination between the switching control of the S7 bridge arms and the fundamental frequency modulation strategy is
discussed, and a mathematical model is developed. An offshore AC voltage/frequency control strategy is then proposed.
The fault characteristics of offshore AC faults are analyzed, and a low-voltage ride-through strategy under AC faults is in-
troduced. Finally, a PSCAD simulation model of the S7CSC is built to simulate and analyze the system structure and
control strategy. The results verify that the S7TCSC has two degrees of freedom, can stably control the offshore AC voltage,
and demonstrates good fault response characteristics, making it capable of adapting to fluctuations in wind power output.
Key words: offshore wind power; HVDC; S7CSC; modulation principle; offshore AC voltage control; low-voltage
ride-through strategy
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Fig.1 Offshore wind power DC transmission system based on S7CSC
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Fig.2 Generation process of S7TCSC trigger signal
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A B C S1 S3 S5 S4 S6 S2 S7
1 0 0 0 0 0 0 0 1 0 1
2 1 -1 0 1 0 0 0 1 0 0
3 0 0 0 1 0 0 0 0 0 1
4 1 0 -1 1 0 0 0 0 1 0
5 0 0 0 0 0 0 0 0 1 1
6 0 1 -1 0 1 0 0 0 1 0
7 0 0 0 0 1 0 0 0 0 1
8 -1 1 0 0 1 0 1 0 0 0
9 0 0 0 0 0 0 1 0 0 1
10 -1 0 1 0 0 1 1 0 0 0
11 0 0 0 0 0 1 0 0 0 1
12 1 -1 1 0 0 1 0 1 0 0
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Fig.3 Process of S7TCSC phase commutation
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Fig.4 Offshore AC voltage and frequency control strategy
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ZH HfH
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HE B VKA 2
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