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The Valve Redundancy Determination for HVDC Converter based on Modular
Multilevel Converter

Chan-Ki KimT, Soon-Ho Choi', Ji-Won Kang', and Yong-Bum Yoon'

Abstract

This paper examines the reliability of a VSC-HVDC valve based on a modular multilevel converter (MMC)
HVDC system. The main objective of this paper is to determine the redundancy of the MMC valve. Several
prediction methods are introduced, but the binomial failure method is selected to be used. To determine the
availability and reliability prediction of MMC valve, which comprises a DC/DC converter, a gate driver, a
capacitor, and an IGBT, the failure data of the MMC module are used as the tracking data according to the

experimental result. This method uses a simplified equation to find the valve redundancy by transforming the

binomial function to De Moivre’s formula. This method is the first to be used to find the valve margin.

Key words: Reliability, HVDC Valve module redundancy, MMC(Modular Multilevel Converter)
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Fig. 3. Voltage source type HVDC structure.
TABLE 1
COMPONENT'S FAILURE RATE OF MMC VALVE!?
Failure Rate |Total Failure
Component No. (FIT) Rate Comments
Power circuit
» IGBT and gate drive 2 40 80 Traction data
» Thyristor and gate drive| 1 47 47 Traction data
» Switch and actuator 1 1000 1000 Traction data
» Film Capacitor 1 10 10 Traction data
» Power Resistor 1 265 265 Traction data
Control Panel
» EPLD 1 150 150 Traction data
» Optical Comms 2 100 200 Traction data
» Crystal oscillator 1 13 13 Traction data
Power supply
» Transformer 2 22 44 Traction data
» DC-DC converter 1 1000 1000 Traction data
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» 1 year maintenance
Module | Module 600[MW1/600[kV]
Voltage No.
L6[kV] 375 600[kV]1/1.6[kV] 375
1.8[kV] 334 600[kV]1/1.8[kV] 334
2.0[kV] 300 600[kV]1/2.0[kV] 300
99.9[%] Reliability
1.6[kV] 7
1.8[kV] 6
2.0(kV] 5

Fig. 4. Valve redundancy(maintenance per 1 year).
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» 2 year maintenance
Module Module 600[MW1/600[k V]
Voltage No. 600[kV1/1.6[kV] 375
1.6[kV] 375
1.8[kV] 334 600[kV1/1.8[kV] 334
2.0[kV] 300 600[kV1/2.0[kV] 300
99.9[%] Reliability
1.6[kV] 22
1.8[kV] 20
2.0[kV] 17

Fig. 5. Valve redundancy(maintenance per 2 year).
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» 3 year maintenance
Module Module 600[MW1/600[kV]
Voltage No. 600[kV1/1.6[kV] 375
1.6[kV] 375
1.81kV] 334 600[kV1/1.8[kV] 334
2.0[kV] 300 600[kV1/2.0[kV] 300
99.9[%] Reliability
1.6[kV] 28
1.8[kV] 25
2.0[kV] 20

Fig. 6. Valve redundancy(maintenance per 3 year).
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