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1. Motivations



Multi-terminal DC systems :

» Multi-terminal HVDC systems
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DC fault and Current flow control

» Challenges of MTDC grids: dc fault » Challenges of MTDC grids: Current flow control
= No zero crossings (dc current) = Dominated by the resistance of the transmission lines
= High rising rate of current (di/dt) » Overloading of transmission lines
= Low capability of overcurrent (IGBTs) = Limit capacity of power transmission
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Challenges

» Challenges for DCCB and CFC

= Cost ]
= Reliability o
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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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Solutions -

» Targets

» |ntegrate several CBs and CFC into one device
= Reduce semiconductors and costs
=  Maintain same function
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Separate HCBs and CFC. Integrated device.

(@\'plIFd 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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2. Proposed device



Proposed device

» Topologies

= Two CBs and one CFC integrated

Main breaker branch Capjtcitor branch Low-loss branches
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Proposed device :
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» DC fault isolating
» Four steps
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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

> Current flow control

Main breaker branch Caycitor branch Low-loss branches
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Simplified equivalent circuit as a CFC
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Proposed device

> Bypass mode

» Current nulling mode

» Current sharing mode
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Proposed device

> Control and modulations

Carrier (500Hz) Comparators
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Dual-loop control for the CFC

Dual-loop control loop
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3. Simulation results
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Proposed device G
* x Kk
» System parameters
TABLEI
MTDC SYSTEM PARAMETERS

A Nedel | Node s Parameter Value

E i, O i L I ode 4172 Rated dc voltage 300 kV

! s . Rated power MMC1. 2,3 1000 MW_1000 MW, 1500 MW

I_:' Jl{} —3— % : Jl{} _l Transformer rated capacity 1200 MVA, 1200 MVA,1800 MVA

: (@) : Transformer ratio 500 kV/260 KV

E MMC1 : MMC2 Transformer leakage inductance 015 pu

------------------ Arm inductance 60 mH

X Circuit Breaker é SM Capacitor 18 mF

-~~-Current limit inductor Number of SMs in each arm 230

s Transmission Line J#} _l DC current himiting inductor 300 mH /100 mH

Pi-section (per 40 km) 038 Q. 844 mH, 046 uF
MMC3 Capability of transmission line 1.5kA
Length of Line 12, Line 13, Line 23 200 km_ 200 km, 200 km

UNIVERSITY
ey LInnoBC 14



Proposed device

> Simulation results of dc fault isolation
MMC MMC
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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
by the CB/CFC.

Protection of dc faults at transmission lines. (a) Fault current. (b)
Currents of MB and MOV. (c) Voltage of MB. (d) Energy absorbed by
the CB/CFC.
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Active power (GW)

Current (kA)
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» Simulation results of current flow control
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Current reversal mode for CFC operation. (a) Active power of Current reversal mode for CFC operation. (a) Active power of
converters. (b) DC currents of converters. (c) Currents of converters. (b) DC currents of converters. (c) Currents of
transmission lines. (d) Modulation and carrier signals. transmission lines. (d) Modulation and carrier signals.
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Proposed device

.
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Integrated schemes of CFC with HCB. (a) Scheme I: Sharing LCSs.(b)
Scheme II: Sharing LCSs and MBs. (c) Scheme lIlI: CB/CFC.
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TABLEIV
NUMBER OF HIGH VOLTAGE COMPONENTS

Scheme No. of IGBTs No. of UFD Units  No. of MOV Unuts

I dn+6xd 2 4
IT Intbxd 2 3
11 ntTxd 7 1

Note: » 15 determined by the residual voltage of MOV and the cut-off current
of the HCBs and m 1s 1n the level of hundreds for a 300 KV HCB [29].

TABLEV
CosT CALCULATION OF THE MB BRANCH FOR A 500 KV SYSTEM
Scheme No. of MB units No. of IGBTs Costs (WMallion)
I 4 800=4=3200 $288
I 3 800=3 =2400 $216
1 1 800=1= 800 §712

Note: 400 IGBTs are in series to withstand a transient voltage of 900 kV and
400 IGBTs are in parallel to withstand the fault current. Therefore, 800 IGBTs

are considered per MB unit.

PRIFYSGOL o
oy Z£innoBC

17



4. Conclusion
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Conclusion

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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