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Motivation Objective
* Asingle offshore VSC-HVDC system with the DC voltage up to * The configuration to enhance the flexible operation of
+/-525kV and the transmission capacity of 2000MW will be the the VSC-HVDC system is introduced and the possible
trend. operation modes and transitions are analysed.
* The bipolar topology with flexible operation modes will be a * The controls for HVDC converters and a bipole power
viable solution for such high-power rating. control are proposed.
« There will be challenges on the operation and control of the * The dynamic behaviours in case of °“5h°""3 AC grid faults
bipolar offshore VSC-HVDC system. and the post fault recovery for offshore grid faults are
presented.
- J
(Configurations of a Bipolar Offshore HVDC System A
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* Bipolar topology with dedicated metallic return (DMR) * Two offshore converter transformers at each HVDC pole.
cable.
* A 66kV GIS with double busbars used at each HVDC pole.
* DC circuit grounding point during normal operation is

configured at the offshore converter station. * Cross-connection in the 66kV areas between the two
HVDC poles.
* The 66kV wind turbines (WTs) are connected to PCCycq .
\_ of the HVDC offshore converter station (platform) directly. * DCchopper equipped at onshore each HVDC pole. )
(Operation Modes )

* 6 basic operation modes and can be expanded to various operation modes.

HY I aMtshore oTuerker HVDG erehore aruer er HV I atishore cauerier HYDG orerom arwerier HYI ot hore cTuerier HYDG orehom aruerker

Bipole with DMR (BPD) Bipole without DMR (BPND) Asymmetrical Monopole (ASMP)
Hu ng;l;‘mr!r HuDC: Orzl;l;‘mlr!r HIC: afl:;‘om:r!r HUD: or::l;mzr!r HUDC ot hore oaeerier HVDIC onehoe anuerier

s

STATCOM, Coupled (SCC) STATCOM, Decoupled (SCDC) Shutdown (SD)
* During the BPND operation, the continuous ground current of the VSC-HVDC system should be limited to an allowable value
\___(e.g. 1% rated DC current). Y
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( T oas fO . M d EEherey — Block poie 2 0pe nAG ool )
e fower ofpole el o b orshore eskers L1
ransition of Operation Modes gﬂg;‘pmn“mm Ly e
¢ All transitions implemented in both automatically
and manually |‘ A Ehecie SR e ol B FIR: Pre-rser bon sk ke
* Minimal power reduction in targeted mode after e T MRRalE 22 S0 _. VT Wind habes
transitions. Planned transition sequence from BPD to ASMP+SD
* Smoothly transitions with the minimal power
i ; Couy Ieoﬁshole
interruption.
° . PR, s
* Healthy pole not affected by transitions at faulted
pole if DMR used. Mo
Balance the infeed actiw Blhen aEme
* Maximized utilization of AC and DC equipment. Eymn"fmﬁi?"; Jandpde2 S e Yen |aithing switch
* The quantities and types of switchgears considered [' e p—
for flexibility of transition and platform occupation. Isolate DR peration _“
Fault-related transition sequence from BPD to BPND
g J
( . A
Control for HVDC Converters Proposed Bipole Power Control
* Onshore: DC voltage control & reactive power ¢ Couple two HVDC poles at the 66kV busbars if DMR outage.
control
) HVDC offshore comverter [P=tPa) (Qc+0a)
PCCacars AR
* Offshore: AC voltage and frequency control oy | Pa — [@sEn
4 —In,, (PatPs) + ha
eas . Pale 1
DC Ground Current Mitigation =
* Two offshore converters operating in }j- E;:ﬂﬂ Bipgée PU\I'\‘ef
frequency droop control. ntro
N, Pole 2
* One in stiff frequency control and the other H__< == Vorrn P51 Vi1 PHi o2
one in frequency droop control. PCChacar -
* Onein stiff frequency control and the other * The two offshore converters regulate the output voltage magnitudes
L one in constant power control. and phase angles dynamically to keep balanced power allocation. )
4 R
Onshore AC Fault rlde through
* Bipole without
MDR.
¢ Solid GAP three-
phase to ground
fault.
* Full power at each
pole.
. —_— o 85 : : : : : : DC ground current
\_ Pole 1 onshore Pole 1 offshore J
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HVDC offshore converter
° g )F '

ffshore Fault-ride-through and Post
Fault Recovery
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* Solid faults at PCCy¢. at full power in bipole without

MDR. 2B PCCacund ” Normal operation during bipole wio DMR
*  Protection result in the loss of infeed power up to = T
maximum 25% of full power (500MW). e ] =
o i, .-m-q-" e = ¥ [
* Converter transformer overload led by bipole power ] :g_\m = T TEETY
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Power recovery using double busbars in 66kV GIS. ) oo d R
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* Regulate the active power generation to a lower | __I
value (avoid transformer overload ). i ‘—'."-"‘i| e E | P
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* Reconnected partial offshore wind farms to healthy o) T TINRI1l] = T1] |LL
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* Increase active power generation from all offshore Ml [ —
wind farms. (e.g. 1400MW, no overload component)
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Conclusion
* Atypical configuration of a +525kV/2000MW bipolar VSC-HVDC system for offshore wind farms connection is presented.

* The bipolar offshore VSC-HVDC system introduces many possible operation modes and the transition principles as well as typical
procedures are presented.

* A bipole power control strategy is proposed to mitigate the DC ground current effectively during bipole operation without
DMR.




