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PROMOTioN TSO Workshop on DC Circuit Breakers

MITSUBISHI
ELECTRIC

Changes for the Better

Mitsubishi Electric Europe

History

7 Mitsubishi Electric Corporation :
established in 1921 from a shipbuilding
company

7 Mitsubishi Electric Europe: first European
office opened in 1969 in London

Locations
7' Head Quarter Europe: the Netherlands
7 Power System Group: London UK

Products and Services:

7 Energy Systems

7 Semiconductor Devices
7' Building Systems

7 Air conditioning Systems
7 Transportation Systems

Transmission & Distribution Systems

Transformers Switchgears

Power Generation Systems

Static Var Systems Instrumentation and Control
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PROMOTioN TSO Workshop on DC Circuit Breakers

Mitsubishi Electric Europe in PROMOTioN

Definition of

Requirements

Research

Activities
o . . DNV GL [ UnAbdn
Alternative Protection | HVDC Circuit
Converter scheme Breaker

Technologies
Testing
Harmonisation
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and Deployment
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Mechanical Circuit Breaker with Active Current Injection

Introduction on HVDC Circuit Breakers

Large DC networks will have a significant impact on the AC networks during DC disturbances.
DC faults can damage HVDC equipment or unacceptably influence AC network stability.

|

An adequate DC protection scheme is necessary

HVDC Circuit Breaker:
Key component of a DC protection scheme
Isolation of faulted segments so that the healthy areas of the DC network continue to operate

Foreseen Applications:
* Multi-terminal DC grids (~ 320 kV)
« Offshore DC collector networks (~ 80 kV)
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Mechanical Circuit Breaker with Active Current Injection

Application of DCCB in MTDC grids

Offshore windfarm 1

Onshore Converter 1 Converter 3
AC Grid 1 DCCB 150 km
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Mechanical Circuit Breaker with Active Current Injection

DCCB Topology

Pre- charged r———————————FI,—h—SD—C—(d:?-; Fault
i I igh Spee Inception
CEPECItﬂr : Cp- X I_p Switch {83] :
— oo
|
i1 MOSA :
|
. I |
Auxiliary | Vacuum Interrupter l
Breaker (S2) 1 :
|

v i
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it

First current zero
LC resonant current
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PROMOTioN TSO Workshop on DC Circuit Breakers
Mechanical Circuit Breaker with Active Current Injection

Principles of Operation - Sequence

Stage 0O: Pre-fault Conditions

S3 :

Cp b, :

I I * N“_i_z% : System nominal !

MOSA o voltage

! Nominal current

I___S___I rl_l—ﬁ‘l——1 !
—t0 Or—e 40O} : >

| A | I|—|JI :
T ‘1=_ time

« S1, S2 close
« S3open, Cp pre-charged
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PROMOTioN TSO Workshop on DC Circuit Breakers
Mechanical Circuit Breaker with Active Current Injection

Principles of Operation

Stage 1: Fault Inception and Relay Time Faultinception

f‘ Trip order
83 ~
Co Lp System nominal voltage | ™ q.,_?; f,&l:::g:]:g:?lul?h
+ | 5 |
|F——ok N
mosa | ,.r’f System DC
m A voltage
P
g S1 Nominal current L7
' [ r— | Voltage across
= . g
| el | | b | circuit breaker (Ves)
-—) - ] _ : -
ldc - - time
Relay
| time
» Fault inception '
« DC side voltage starts to decay and current increase.
» Fault detection and discrimination (current and voltage wave fronts detected by relay)

Breaker receives trip signal sent from relay
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Mechanical Circuit Breaker with Active Current Injection

Principles of Operation

S2

Stage 2: Breaker Operation time Current through |
Fault i“;EP“'-'-'“ interrupter (lv)
' Trip order /s
Co, L __S3_ Y /
I ml\—i-?o : System nominal voltage | ™ ““5-.5 ;’f u
_____ i | e
MOSA AN
_m_ Ires L ™~
f;’f System DC ™
S1 rd voltage
: e e
— 1O O : ‘1 Nominal current |/ | l:-:rnta::l Voltage across
T E—) | separation circuit breaker (Vcs)
lde = L
° I_ih " Resonant time
. ) elay time “greaker operation | circuit current
Switch S1 has opened; | o | iniection (1)

Switch S3 has closed;
Delays associated with physical movement of circuit breaker components.
Current zero is generated in S1 from the resonant circuit (8ms);
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Mechanical Circuit Breaker with Active Current Injection

Principles of Operation - Sequence

Stage 3: Fault neutralisation time

N b S8
| rn_{co]
MOSA
S2 a1
M 1 | !
jrdidy L___c_i

MOSA clamping voltage = —f

inception

Fault Current through |
interrupter () || ™
? Trip order S

System nominal
voltage

Nominal current

Y /
e

T~

1 e - S

/" System .
: A1 Voltage
// Contact

.
[~

| separation

—

Instant of system DC voltage recovery

Voltage across
circuit breaker (Vez)

- Current
through
MOSA

:|5-.'|,:I

5 é |
{Relay

- Breaker
{ time

1 current injection (I5)

L Resonant circuit

time

operation time |

'Fault neutralisation time '

« Capacitor voltage rises until the MOSA clamping voltage is reached.
* Current is then commutated into the MOSA,;
» Circuit breaker voltage is equal to MOSA clamping voltage
« At the end of Fault neutralization time (Relay time + breaker operation time):

Breaker has been tripped,;
. _Ipternal current zero and counter voltage generated.
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Mechanical Circuit Breaker with Active Current Injection

Principles of Operation - Sequence

Stage 4: Fault current suppression time

Instant of system DC voltage recovery

MOSA clamping voltage—= —*
Faulti b Current through 5 . Voltage across
au |n+r:.ep 1on interrupter (ha) - circuit breaker (Veg)
LP _§§_ﬁ ' Trip order rd [
+ ——a F@l | + //
I | el | System nominal voltage h - ““h-._ // - -
MOSA P ST
; | 7 ~ -
51 //’ 1f{;r.lqttem DC™ ~—— .
32 |rnoea i // ] oltage Current .
== _ [—— through MOSA ™
T 1 ?ﬂ— | : : i Contact g
:|_|g ol & : ol Nominal current | S | separation (lsa)
— T — | 5 5 +

| | & Resonant circuit .
[ Relay - : = current injection (Ip) time
| N€Y "Breaker operation | J P ;
| ime time i -
i RN Fault current suppression !

Fault neutralisation time time (Energy dissipation time)

« Time for stored magnetic energy to be dissipated in the MOSA determined by the system
configuration (cable length, MOSA characteristic, etc)
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Mechanical Circuit Breaker with Active Current Injection

Principles of Operation - Sequence

Stage 5: Auxiliary circuit breaker open

Instant of system DC voltage recovery

MOSA clamping voltage—- —*

Faulti tio Current through E . Voltage across
i nEopton interrupter (i) " || " circuit breaker (Vcs)
Trip order 7 ey i
Syst inal volt ™~ / -
ystem nominal voltage ~i . - |
S =T
i ~ —_ -
/" SystemDC™ ~ —
A Voltage Current .
Nominal current | i CQntaFt l.hrough MOSA “
: separation (l54)
[T oo metan 1 | Leagecurent g
| b A - u | | I
| " “Breaker operation | ! P | zerathroug

| time MOSA

time

Fault current suppression
time (Energy dissipation time)

" Fault neutralisation time o

» Auxiliary circuit breaker (S2) opens
» Galvanic isolation is provided
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PROMOTioN TSO Workshop on DC Circuit Breakers
Mechanical Circuit Breaker with Active Current Injection

Testing set-up

DCCB Prototype Rating: 80 kV, 16 kA

“#4 Interrupter
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Mechanical DCCB prototype with active resonant current zero formation composed of HV
vacuum interrupter was tested to interrupt DC current up to 16 kA.

o
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Mechanical Circuit Breaker with Active Current Injection

Product Time Line

2016-2017 May 2017 2018 Next years
A
DCCB DCCB
prototype: prototype in v
internal M DNV GL: e ~\
tests DCCB DCCB testing « Design for DCCB at 320kV
DNV GL.: test « DCCB at 320 kV: testing

circuit design

« DCCB at 320 kV ready for
\_ commercial applications /
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APPENDIX

DISCLAIMER & PARTNERS

COPYRIGHT

PROMOTioN — Progress on Meshed HVDC Offshore Transmission
Networks
MAIL info@promotion-offshore.net WEB www.promotion-offshore.net

The opinions in this presentation are those of the author and do not
commit in any way the European Commission

PROJECT COORDINATOR

DNV GL, Kema Nederland BV
Utrechtseweg 310, 6812 AR Arnhem, The Netherlands

Fon +31 26 356 9111
Web www.dnvgl.com/energy
CONTACT

Claudia Spallarossa PhD, MSc

Mitsubishi Electric Europe B.V., Power System Group
2 Cherry Orchard Road, Croydon, CRO 6BA, UK.

Tel: (+44) (0)20 8256 1524

Mobile: (+44)(0)75 2576 6732

Email: claudia.spallarossa@crd.meuk.mee.com

PARTNERS

Kema Nederland BV, ABB AB, KU Leuven, KTH Royal
Institute of Technology, EirGrid plc, SuperGrid Institute,
Deutsche WindGuard GmbH, Mitsubishi Electric Europe
B.V., Affarsverket Svenska kraftnat, Alstom Grid UK Ltd
(Trading as GE Grid Solutions), University of Aberdeen,
Réseau de Transport d‘Electricité, Technische Universiteit
Delft, Statoil ASA, TenneT TSO B.V., German OFFSHORE
WIND ENERGY Foundation, Siemens AG, Danmarks
Tekniske Universitet, Rheinisch-Westfélische Technische
Hochschule Aachen, Universitat Politécnica de Valéncia,
Forschungsgemeinschaft fiir. Elektrische Anlagen und
Stromwirtschaft e.V., Dong Energy Wind Power A/S, The
Carbon Trust, Tractebel Engineering S.A., European
University Institute, Iberdrola Renovables Energia, S.A.,
European Association of the Electricity Transmission &
Distribution Equipment and Services Industry, University of
Strathclyde, ADWEN Offshore, S.L., Prysmian,
Rijksuniversiteit Groningen, MHI Vestas Offshore Wind AS,
Energinet.dk, Scottish Hydro Electric Transmission plc
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