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Abstract:Addressing the current issues offailure to operateforinternal high-impedance faults at a distant end, poor

synchronization resistance and noise interference in flexible DC lineprotection, a protectionscheme for flexible DC lines based on

the variational step derivative dynamic time warping(VS-DDTW) distanceof fault traveling waves is proposed.Firstly, by analyzing

the time-domain waveform differences of fault traveling waves, the fault characteristics of voltage traveling waves at both ends

during internal and external faults are studied to obtain the similarity differences of opposite-name traveling waves. Then, the

VS-DDTW algorithm is used to shift and stretch waveforms, match and analyze the waveforms at different moments, reducing

the influence of propagation delay. After the startup criterion is met, the VS-DDTW distance is used to distinguish internal and

external faults. Simulations verify the scheme's validity and applicability.

Key words: flexible DC; fault traveling wave; variational step derivative dynamic time warping; pilot protection; waveforms
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Influence of Low-voltage Current-limiting on Differential Protection at Offshore
Converter Station Based on MMC-HVDC and Adaptive Low-voltage
Current-limiting Strategy
ZHENG Tao, YANG Yi, LU Wenxuan
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources (North China
Electric Power University), Beijing 102206, China)

Abstract: For the offshore wind power AC convergence lines, in order to ensure that the offshore converter station

based on MMC-HVDC will not be locked due to overcurrent after a fault occurs, a low-voltage current-limiting strategy
can be used to reduce the voltage reference value and limit the rise of fault current. However, whether the reduction of
voltage reference value will have an impact on the performance of differential protection action is seldom studied. In
this paper, the influence of the selection of voltage reference value on the sensitivity of differential protection under
fault is analyzed at first, and a small voltage reference value is selected to ensure the safety of the converter station body.
Nevertheless, it is difficult to ensure the reliable action of differential protection in the case of a transition resistor
failure. To solve this problem, an adaptive low-voltage current-limiting strategy considering line coupling and harmonic
interference is proposed, and the fault current information is introduced into the voltage outer-loop to construct adaptive
low-voltage current-limiting, which automatically reduces the voltage reference value according to the fault severity
and thus ensure the reliability of differential protection under various fault conditions. Finally, the corresponding
electromagnetic transient simulation model is constructed in PSCAD/EMTDC, and results verify the correctness and
feasibility of the proposed low-voltage current-limiting strategy.

Keywords: offshore wind power; modular multi-level converter station; low-voltage current-limiting; differential

protection adaptability
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system based on MMC-HVDC
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Frequency Security Constrained Multi-stage Dispatch of Power Systems with
Offshore Wind Farms
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Abstract: High-penetrated offshore wind farms (OWFs) to power systems result in low inertia and bring large disturbances. To
enhance frequency security, this paper proposes a frequency security constrained multi-stage dispatch problem for power systems with
OWFs. Firstly, a transient frequency security constrained model is built by discretization and linearization methods. This model,
regarded as the third stage problem, is embedded into the traditional second-stage dispatch framework. Then, the curtailment rate
constraint is established to avoid over-deloading of OWFs caused by frequency security constraints. Finally, the nested Benders
decoupling algorithm is designed to accelerate the solution of the above multi-stage optimization problems. Numerical results
demonstrate that the proposed model and method can well realize the frequency transient constraints. And it can also reduce the

number of startup power units, optimize the dispatching cost, and improve the utilization rate of OWFs.

Keywords: Frequency security constraints, offshore wind farms, unit commitment, economic dispatch, active frequency support
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