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ABSTRACT: Combining low-power auxiliary converters with
diode rectifier units (DRUs) in parallel to replace
large-capacity modular multilevel converters is a key approach
to reduce offshore wind farm DC transmission costs. Current
research mainly focuses on topology and control but with a
limited investigation into harmonics and reactive power
characteristics. To address this research gap, both simplified
and detailed models of the hybrid converter system are
established in this paper, including offshore wind farms, DRUs,
and auxiliary converters. The switching dynamics and
commutation of the system are comprehensively studied. It is
found that voltage harmonics at the Point of Common Coupling
dominate the issue, rather than current harmonics. In addition,
the impact of AC and DC reactance parameters on harmonic
amplitude is studied, thus offering parameter design guidance.
Based on this analysis, a harmonic voltage suppression strategy
is proposed for offshore wind power systems with parallel
hybrid converters. Finally, simulation and Hardware-in-the-
Loop experiments validate our commutation theory, harmonic

characteristics, and harmonic voltage suppression strategy.

KEY WORDS: offshore wind farm; diode rectifier unit;
low-cost transmission; hybrid converter; harmonic voltage

suppression
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the simplified equivalent model



510 39 P b

KHLZE DRU-VSC VR &#uifiik B &R S o H HLEE 5 18 8 306 i ¢ 3965

B ARt — DAV BE SRR 03, 2 LNkl 10 By
AN RCL LB AR A 2 Bt AT 258 20
HTRX— RGNS ERME R RS, i
HAGSHUWMER Bl For. G215 E KRG HIR
SR — AR RO A 11 () Frs, B

AT REIAERSE 10 h—8 EIP: g N
DRU LI dsource HECHEHRITIRHLIR s irc T

LR PH A SCHE R FLIAL s upee 9 PCCHEL ISt 3 LA St
BT s tgioqe AR L I o HHEIRT T, E 51 NSEER &
GBS HL )G, RGBSR R A 1Y
AR WE 11 @F7R, MBI X — 2
G TARREVEREAT 20 b . AR AR RO S,

Isource Z P S 78 HL, PCC HIHOBMT BT, E upce
KT A RIS ugioge Z S, X5 AR AR
T, WA S SR R IR e
PO dgioge AT ire HCH 5 H AR 2 3 BHL 170 2 B0 R IRTYR

isource i&ﬁt%?}?ﬁ ’ %Q%jﬁﬁﬁu—]:?%:%ﬁ’
isource = idiode + iRC (33)
1. d .
C_aclRC = a(upcc —IpcR) (34)
di,
u —u.. — L diode 35
PCC diode t dl ( )

Ak, A AR RN E 6 BRI

A i
I

AR Ry Ry . Ly
0° 90° 180° 270° 360°wr

() FIERGL BIRSHCHN K A5 BRI J T
# é}EFEE:"

i

.Rl RZ N R3 R4 T
0° 90° 180° 270° 360°wt

(b) ¥ LR HEZ DRU-VSC FHBRR A0 R sk brfl B K
E 11 8LREB%Z DRU-VSC HEERSHRIXEL RS
—EE E TR

Fig. 11 Voltage and current waveforms of one phase of

offshore wind farm integration with DRU-VSC parallel

hybrid transmission system
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Table 2 Influence of DC inductance and transformer

leakage inductance on voltage harmonics

ELI LR THD./%

Lg/mH Li=0pu L=0.03pu L=0.06pu L;=0.09pu L;=0.135pu
0 14.63 13.59 12.74 12.06 11.25
10 14.63 13.59 12.74 12.05 11.24
20 14.64 13.60 12.75 12.05 11.24
50 14.70 13.67 12.80 12.11 11.29
100 14.82 13.78 12.94 12.25 11.42

% 3 Niﬁ /ﬁ/}f/& EE.,—‘ZXTEEJ—'L&EB/&H’]E; ﬂl']
Table 3 Influence of wind farm filter inductance on

voltage harmonics

PP K Lye/uH  THDW% PP K Lye/uH  THDW%
30 13.35 5.0 9.78
20 12.77 12 7.55
10 11.40 _
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Fig. 12 Influence of AC/DC inductance parameters on

voltage harmonics
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Fig. 13 Principle diagram of harmonic voltage suppression
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Fig. 15 Start-up stage simulation results of DRU-VSC

parallel hybrid converter system integrated with OWF
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13st harmonic voltage suppression
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Table B1 Simulation parameters of

the detailed equivalent model
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Table B2 Performance comparison between

simulation system parameters
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