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PROMOTioN — Work Package 5

Test environment for HVDC circuit breakers
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PROMOTioN - Work Package 5

HVDC circuit breaker principle

Normal current path provides low loss normal operation

During fault, commutation path creates artifical current zero

Current is commutated into energy absorption path (surge arrestor)

Energy absorption path applies large reverse series voltage, suppressing current

Normal current
path

Commutation /

ent breake Auxiliary path

- Series inductor limits di/dt of
fault current, ensuring
maximum current interruption

Energy
absorption path

Control & capability is not exceeded in
Protection time it takes to commutate
system
current
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PROMOTioN — Work Package 5

Terminology and Design

Full-pole DC Circuit Breaker

Breaker unit
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PROMOTioN - Work Package 5

Electrical stresses on DC circuit breaker
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PROMOTioN — Work Package 5

Test Requirements

HVDC Circuit breaker tests

Dielectric Tests Operational tests

Lightning impulse Temperature rise

DC voltage
withstand

o

test

Short-time current
withstand

Current let-
through
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PROMOTioN — Work Package 5

DC circuit breaker potential test circuits for
current interruption tests
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PROMOTioN - Work package 5

Low frequency AC short circuit generator
current interruption test method
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PROMOTioN — Work Package 5

KEMA Laboratories test set-up
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Voltage (kV)

PROMOTioN - Work Package 5

Experimental verification

Experimental result
T

130

120

110

100

90 -

80

70

60

50+

40

30

20

10

26

——-voltage at TO

voltage at source

|
T
|
|
|
|
|
|
|
"
[
|
|
|
|
1
|
|
|
|
|
|
|
I
—-
E=Y

Yy | ey
",

e,
e,
E o

. Source vo

ltage within

value

7777;74 77777777777777 [E— 6

122

120

116

=y
[hS]

Current (kA)

Il
—_
(=)

i
o

Sufficient rate of rise

(di/dt =3.1 kA/ms

)

|,

% Using low frequency sufficient test parameters such as di/dt, source

% Prospective tests at 120 kV was also conducted

A=

=

< T . N

10
time (ms)

12

14

16

18

20

Voltage (kV)

130

120

110

100

90

80

70

60

50

40

30

20

Simulation result

——— voltage at TO

voltage at source

------------ prospective current

e interrupted current

I R N e e D R R R

[N S

time (ms)

voltage and energy stored in system reactance can be achieved

© PROMOTIioN — 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,

03.05.16

12

26

24

22

20

Current (kA)



PROMOTioN - Work package 5

Practical limitations of using AC short-circuit
generators

7'By-pass test current in case test object fails to clear
7 Fast making switch by-pass can be realised

7 Application of di-electric stress after current suppression

7' Necessary for mechanical interrupters, can be applied by remnant
internal capacitor voltage

ZImpact of TIV imposed onto test circuit
7 Full-pole configuration cannot be tested

7 Transient voltage distribution across modules in full-pole
configuration

7'Reclosing tests: testing of open-close-open sequence
7 Use parallel combination of timed short-circuit generators
7 Test of line charging equipment

7Control & protection system real-time simulator test
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PROMOTioN - Work Package 5

Conclusions

7DC circuit breakers are fundamentally different from AC circuit
breakers

7 Testing full-pole breaker at full ratings is uneconomical and
unnecessary

7DC circuit breaker testing is likely to resemble testing of
converter valves

7Full DC circuit breaker test likely to consist of:
7 Operational, interrupting and endurance tests of a breaker unit
7 Dielectric tests on each type of support structure and across terminals
7 Functional tests of control and protection system

7AC short circuit generators running at low frequency can be
used for current interruption testing
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