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Multi-terminal DC systems
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 Multi-terminal HVDC systems

 Improve system’s flexibility 
 Improve system’s reliability
 Integrate different types of renewable energy 

‘Zhangbei’ ± 500 kV HVDC system for Beijing Olympic Games 2022  

[1] G. Tang, H. Pang, Z. He and X. Wei, "Research on Key Technology and Equipment for Zhangbei 500kV DC Grid," in Proc. 2018 International Power Electronics Conference Niigata, 
2018, pp. 2343-2351.
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DC fault and Current flow control
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 Challenges of MTDC grids: dc fault 

 No zero crossings (dc current)
 High rising rate of current (di/dt)
 Low capability of overcurrent (IGBTs) 

Examples of dc fault for VSC

 Challenges of MTDC grids: Current flow control  

 Dominated by the resistance of the transmission lines
 Overloading of transmission lines
 Limit capacity of power transmission
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Challenges
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500 kV HCB developed for Zhangbei project

 Challenges for DCCB and CFC

 Cost
 Reliability

M. Callavik, A. Blomberg, J. Hafner, and B. Jacobson, “The hybrid HVDC breaker: an innovation breakthrough enabling reliable HVDC grids”, ABB Grid Systems, Technical Paper, Nov. 2012.

‘Zhangbei’ ± 500 kV HVDC system for Beijing Olympic Games 2022  



Solutions
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M. Callavik, A. Blomberg, J. Hafner, and B. Jacobson, “The hybrid HVDC breaker: an innovation breakthrough enabling reliable HVDC grids”, ABB Grid Systems, Technical Paper, Nov. 2012.
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 Targets

 Integrate several CBs and CFC into one device
 Reduce semiconductors and costs
 Maintain same function

Separate HCBs and CFC.                                                Integrated device.
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Proposed device

8

 Topologies 

 Two CBs and one CFC integrated
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Proposed device

9

 DC fault isolating

 Four steps

(a) (b)

(c) (d)
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Fault isolation process. (a) Pre-fault. (b) Current commutation. (c) Fault current interruption. (d) Post fault.
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Proposed device
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 Bypass mode
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Proposed device
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 Control and modulations
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Proposed device
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 System parameters
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Proposed device
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 Simulation results of dc fault isolation 
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Protection of dc faults at transmission lines. (a) Fault current. (b) 
Currents of MB and MOV. (c) Voltage of MB. (d) Energy absorbed 
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Proposed device
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 Simulation results of current flow control 

Current reversal mode for CFC operation. (a) Active power of
converters. (b) DC currents of converters. (c) Currents of
transmission lines. (d) Modulation and carrier signals.

Current reversal mode for CFC operation. (a) Active power of
converters. (b) DC currents of converters. (c) Currents of
transmission lines. (d) Modulation and carrier signals.



Proposed device
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 Comparisons
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Conclusion  
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1. DC protection and current flow control were analysed for MTDC applications

2. The proposed device was described. 

3. Simulation results were given to verify the function of the proposed device. 
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