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HVDC CIRCUIT BREAKER TESTING 

CIGRE / PROMOTioN
Workshop on HVDC Circuit Breakers

Rene Smeets, Nadew Belda, KEMA Laboratories DNV GL
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Sitting duck or fighter?
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DC interruption

• Circuit breaker passive

• System imposes current

• System imposes TRV

• Test synthetically

• Circuit breaker active

• Breaker determines current

• Breaker determines TRV

• Needs MW to test 

AC interruption
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Interruption strategy
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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 t train at 100 km/h
Oct. 22, 1895 Gare Montparnasse
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Requirements of test-circuits?
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DC steady state

high di/dt

fault current

local 

current 

zero
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interruption

DC withstand

counter voltage
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DC testing with AC? → LF AC

16.7 Hz

30.08.18

active 

current 

injection

hybrid

VSC 

assisted

Needs MW 

to test
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High-Power Testing of HVDC Breakers with AC

630.08.18

550 kV / 12000 MVA @ 50 Hz
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Current injection type demo

110 kV TIV, 16 kA

VSC assisted type demo

40 kV TIV, 10 kA

PROMOTioN project demos 
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Test-circuit incl. protection and DC injection
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MB= Master Breaker

MS= Making Switch

L= adjustable reactor 

PT= Power Transformer(s)

AB1= Auxiliary AC breaker 

      = current measurement 

      = voltage measurement 

Lsynt = inductance in the synthetic circuit 

DS=Disconnector switch 

ES=Earthing switch

TSG=Triggered Spark Gap (Triggered make gap)

Rcharging/discharging = charging and discharging resistor

Llimit = initial current limiting reactor

Key

MS

AC

AB1

LMB PT

AC
DS

Rcharging/
discharging

TSG1

V V

V

A
V

A

TO = HVDC CB

Lsynt

Synthetic installation 

(for charging and dielectric 

stress after current 

interruption)

ESES

TSG3

AB2

C

L

C

L
AC

Llimit

TSG2

MB= Master Breaker

MS= Making Switch

L= adjustable reactor 

PT= Power Transformer(s)

AB1= Auxiliary AC breaker 

      = current measurement 

      = voltage measurement 

Lsynt = inductance in the synthetic circuit 

DS=Disconnector switch 

ES=Earthing switch

TSG=Triggered Spark Gap (Triggered make gap)

Rcharging/discharging = charging and discharging resistor

Llimit = initial current limiting reactor

Key

MS

AC

AB1

LMB PT

AC
DS

Rcharging/
discharging

TSG1

V V

V

A
V

A

TO = HVDC CB

Lsynt

Synthetic installation 

(for charging and dielectric 

stress after current 

interruption)

ES

TSG3

AB2

C

L
AC

Llimit

TSG2



© PROMOTioN – Progress on Meshed HVDC Offshore Transmission Networks 

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714.

0 80 160 240 320 400
0

5

10

15

20

25

30

35

rated voltage (kV)

en
er

g
y

 (
M

J)

 

 

3 ms

5 ms

7 ms

9 ms

fault neutralization time

demonstrated test cases

rated DC voltage (kV)

E
n

e
rg

y
 (

M
J)

Feasibility of LF AC testing of HVDC CB
- including energy dissipation
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1 module 

hybrid CB

3 module 

hybrid CB

4 module 

hybrid CB

2 module 

injection CB

1 module 

injection CB
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Hybrid DC circuit breaker technology
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Final test-campaign in PROMOTioN
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Hybrid breaker technology to 

be demonstrated on a 350 

kV hybrid HVDC CB (ABB) 

at KEMA Laboratories during 

2019

The complete functionality 

test on the full-scale hybrid 

HVDC CB will be performed 

to maximum current 

interruption level
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