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Pilot protection for offshore wind power DC transmission lines based on the time-frequency
mutation characteristics of fault components
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Abstract: DC collecting and transmission systems will be the development tendency for future offshore wind farms because
of the advantages of high efficiency, small size and no reactive power compensation. However, the distinct distribution
capacitance of submarine cables, in contrast to overhead lines, can lead to significant differences in line currents during
external faults, potentially causing false operation in traditional transient pilot protection. Addressing this problem, this paper
proposes a pilot protection method using time-frequency mutations in fault components. This paper analyzes transient fault
current frequency characteristics in DC transmission lines and converters taking into consideration the differences of
frequency band of the transient fault current on both sides when internal and external faults occur, thereby selecting an
appropriate frequency band for protection. Using wavelet transformation for time-frequency analysis of the fault current and
employing Wasserstein distance, it develops criteria to distinguish internal and external faults. This removes the transient
time-domain quantity-based pilot protection false action during external metallic or low-resistance fault. The offshore wind
farms collecting and transmission system model is built on a real-time digital simulation (RTDS) platform to verify the
proposed protection method. The results show that the proposed method effectively identifies fault locations and operates
within 5 ms, with tolerance to transition resistances up to 300 Q and noise resistance up to 20 dB.
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Fig. 1 Diagram of offshore wind farm collecting

and transmission system
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AT EMERE T, 15 LA R 3 Fios
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Table 3 Protection performance under different noise

W P R {5 M E/dB w B {E L4 215 B 1) /ms
20 3215 2.6
LR 30 3314 2.5
40 3.327 2.5
20 3.902 2.3
U e 30 3.357 2.4
40 3.386 24

M 3 AIF,  RIMEALE 20 dB 15 U R 75 5
N B B w EEREARR AL LVE R, H.
PR R T RE I AR AR X 3. mT DUIERH, A3
PR R IERA RIEFRIPIERE ). EERRET
P75 g R T A SR AR AT B 5 A7 200 e I
PR o
3.5 TNEIRESREIS PR RIP AR

ENEPRESTES -V S T ENE ISP ES €/
[, RORFESR T B i T R X EoR
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[ SRAE SRS DR AP R RE A, I A f) Ak R AR IE AR
B WU g AT DR B EVERE 704, Dl ELAS
R 4 Pios.

R 4 RNEIRFESREI R IPEISIT

Table 4 Impact of different sampling frequencies on

the proposed protection method

[t SRFESNH /kHz wiEEE (R ) /ms
2 3.524 2.6
AR 5 3.237 2.5
10 3.298 2.5
2 3.147 2.3
KRR 5 3.359 2.4
10 3.301 2.4

FHER 4 0l %0, 1E 2 kHz RFEIR T, B Wk
WS, w EISIRERRRE, RN AT SESNPE, el
IR . B IR ORI X R 2 2R IR
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3.6 BIEERXTFTIRIRIPRIR T

FORUEGR I B S Y, ORI R 2 )5 1R e i
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PR BLE N 10 kHz, 5EEE R 5 P,

X ity B PR A B0 A A e A v A A A S I
HARFELD R . E57E 100 km KA, 330
BEIERT A 0.5 ms™ e ARSI 1E] A RS 3 5
PRI VST, G AR CREP S BN A] . Hd i
REER o BRI 1P, R4 5 B 125 0.3 ms,
PRAF A (8] g PR kv B ), BRI SRS 5
T2 X 73 X Y A Rt I )

&5 BIFERXT AR R AV
Table 5 Impact of communication delays on the

proposed protection method

b it w BB LR ) RN 1E
B3 ZERS /ms Ff 18] /ms fJ 7] /ms
0.5 4.068 3.1 3.9
X P d
0.7 4.135 3.1 4.1
0.5 0.254 33 4.1
X A
0.7 0.293 3.2 4.2
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{5 L B X BT BRI 7 V25 M /N o

4 Z5ip
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T R JE 53R E5 18
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£ £
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