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Fig.1 Topology of far-offshore wind farm grid
connected via VSC-HVDC
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Fig.2 Topology and short-circuit fault settings for the
400 MW far-offshore wind farm

AKX AL R I E 3 s . RS E
BLALEE PMSG., B U5 F % L ) R I L B O A
R A8 i . Horr, PMSG 82 SR 7 A 5
R, FEAIUAS o X 3K 3 R 8 AR i XU T A
Hh s B R B SR FH Al L R % 114 5 A0 P A o D i
2815 T L o 8 A URE Y 5 R (insulated
gate bipolar transistor, IGBT) Fll —#48 J [n] H- 15 J5 5
FEL L IR T ARG 5 AL 38 5 A X 00 395 72 R4 R
Jok w5 B I8 1 (pulse width modulation, PWM ) 2% ¥
#4 h IGBT MW 4 . IGBT () Sl {5 5
F 25 1] P B A B, G205l e b ) B A A
il 55 IR Ak A R 5 15 3

BILA 2 ) F % 1 B B Ry A D ) 2 A [ 2
H AT AL s L 5 O 00092 T P, % 1% A oA S BB 1)
FABGSAT AR BN RS E . YIFM A

X3
X?E{ﬂ PSS BA S AN

T W
JE}*‘FE :+J<} a‘fF

— &

IR

N me L R e L LS
L A A

B3 EIRXBHHEMEE
Fig.3 Model of direct-drive wind turbine
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Fig.4 Model of the 400 MW far-offshore wind farm
after equivalence
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Fig.6 Control strategy for the offshore converter station
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Fig.7 Model of the vacuum circuit breaker
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Fig.8 Summary of simulated conditions on the internal
overvoltage of the power collection system
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Table 1 Setting of nodes for overvoltage calculation
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Fig.9 Setting of nodes to be calculated inside and
outside the wind farm
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Fig.10 High voltage ride-through capability
schematic of wind turbine
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Fig.11 Overvoltage after closing the no-load
collector line
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Fig.12 Overvoltage after de-energization the normally
operating transformer and collector line
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Table 3 Transient overvoltage from three-phase
ground short-circuit faults
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Fig.13 Overvoltage on neighbouring feeders due to
short-circuit on the high voltage side of the
generator-terminal transformer
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Fig.15 System transient characteristics when the

converging bus within wind farm of 400 MW
is short-circuited at t=1.8 s
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Fig.16 Configuration measure of the surge arrester
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Fig.17 Variation of overvoltage at each node when the
converging bus within wind farm of 400 MW is

short-circuited at {=1.8 s before and after
surge arrester configuration
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Overvoltage analysis and suppression for the power collection system
in the far-offshore wind farm with VSC-HVDC grid connection

CHENG Wenjing, DING Ru'an, LU Tiebing
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China)

Abstract: At present, the related research on the internal overvoltage of the power collection system is mostly about the
offshore wind farms connected to the grid through high voltage AC transmission lines, but the far-offshore wind farms that are
connected to the grid through voltage source converter based high voltage direct current (VSC-HVDC) transmission are not
paid enough attention. Therefore, the electromagnetic transient models of the power collection system and the VSC-HVDC
transmission system are established, and the characteristics of overvoltage under three typical working conditions of grid
connection, load shedding, and three-phase ground short-circuit faults in the power collection system are analyzed. It is found
that the overvoltage caused by the three-phase ground short-circuit fault at the bus and its adjacent feeder port is the most
serious, which poses a challenge to the insulation of the generator-terminal transformer and the VSC-HVDC transmission line,
and triggers the disconnection of all the wind turbine generators from the grid. Therefore, a suppression measure that configures
surge arresters at key nodes and improves the control strategy of offshore converter stations during faults is proposed, which
reduces the amplitude of transient overvoltage significantly. As a result, the influence of overvoltage is controlled within the
wind farm where the fault occurs, and the large-scale disconnection of wind turbine generators from the grid is avoided
effectively.

Keywords: far-offshore wind farm; voltage source converter based high voltage direct current (VSC-HVDC) grid connection;

power collection system; overvoltage; suppression measure; three-phase ground short-circuit faults; load shedding
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