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• HVDC breakers protect HVDC grids

• Standardization structure

• External stresses: simulation studies

• Internal stresses: experimental studies

• Test requirements
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PROMOTioN research work on HVDC breaker stresses @ KEMA labs
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Switchgear in HVDC stations
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Structure of standardization of HVDC switchgear

Ad Hoc Group 6
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62271-100 (AC CB)

TC 115  63014-1 (LCC)

JWG A3/B4.34, TB 683
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GB/T 38328, 2019
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meshed DC system

HVDC circuit breakers protect HVDC grids
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HVDC circuit breakers 2011 - 2020
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200 kV Zhoushan CN 2017 160 kV Nanao CN 2018Concept thyristor based FR 2014

350 kV SE (2020 test) 80 kV SE (2020 test) 525 kV JP 500 kV Zhangbei CN 2020 500 kV Zhangbei CN 2020

200 kV Zhoushan CN 2017Concept SE 2011 500 kV CN 2019 test

160 kV full-power test JP

Tested in PROMOTioN
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DC vs AC interruption
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AC interruption:

Capture the swinging mass in its outer position 

(current zero)

Zero kinetic energy – Max potential energy

DC interruption:

Oppose the motion of a linearly moving mass -

--> counter voltage

15 kA in 100 km line = 11 MJ

= 30 ton train at 100 km/h
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The critical stresses on HVDC circuit breakers
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• Focus on (fault) current 
interruption capability

• Design of test-methods that can 
supply stresses during all stages 
of interruption

• Agreement among three 
manufacturers on a test-program

• Transfer test experiences to 
committees in CIGRE and IEC

Test requirement of HVDC circuit breakers
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• Critical components
Mechanical switching devices and drives
Power electronic switching device
Energy absorption device

• Standard components applied to handle non-standard stresses

17-06-2020
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Standard components used in a non-standard application
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switching gaps and drives power electronic switches energy absorption device
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160 - 200 kV / 16 kA HVDC breaker under test
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245 kV 63 kA

HVAC breaker
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320 kV / 20 kA HVDC breaker under test
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Conclusions
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WP 5, 10, 11 WG 64 62271-313 circuit breakers

• Set of requirements defined that covers 
all stages of current interruption

• This set is applied to testing of HVDC 
breakers up to 320 kV 20 kA

• Analysis made based on experiments 
on internal stresses on key components

• Lessons learned
- transferred to CIGRE WGs on DC CB

HVDC WG finished early 2021
- transferred to IEC MT on DC CB

draft standard end 2020 
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