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» HVDC Switchgear = Overview {{}:i
Nl % i
= HVDC GIS = Why special?
= HVDC Breakers > Why essential?
= Faults in HVDC Grids = What is the issue?
= DC vs AC Current Breaking = Fundamentals
= HVDC Breaker > Technology Status
= Testing = Challenges, Current Status
» Future = Trends and developments , :
Research work or:-HVDC breal:er sxtresses @ KEMA labs
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HVDC Switchgear - Overview
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HVDC GIS

= Compact HVDC
platforms and
stations

= Connections of cables
to OHL for MT systems

= Up to 500 kV in \
development Toshiba

= Circuit breaker not part of GIS
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Electrical Stresses in HVDC GIS spacers

= Accumulation of space
charges determines critical
E field stresses

= Time constants are tens of
day — weeks, depending on
temperature
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350 kV HVDC GIS prototype installation test at KEMA Labs

» Long term test > 1.5 year

= Superimposed impulse
v'6 Load cycles

v DC350KkV + LI 940 kV /SI 760 kV
= AC & DC PD measurements " Incl. SF6 free gas

v
® Lightning and Switching impulse Novec 5110/4710

Impulse
generator

w I'Voltage ! -

d|V|der
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HVDC Circuit Breakers — Enable Selective Protection of HVDC grids

www.promotion—offshorelnet 1. ACside >ACCBs

Converters Multi-Terminal HYDC System
DC CBs

- .’.-.‘-'~'=
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HVDC Fault Current Simulations

HVDC
breakers

=Five terminal grid with bipolar

1200 MW b- 600 MW
converter configuration = = A
g GRGORR e
=+320 kV, half bridge MMC A “
II 150 km
converter topology I F=_
. . . b-D1
=*Only cable interconnection is A ofnorewindfam N
. ) 1
COhSldered VSC converter station i gg
=Fault analysis without any HVDC = bcce
Circuit Breaker
1400 MW 900 MW

=Fault current interruption with &-gB~ =

. & s %
models of HVDC circuit breakers B o
embedded
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Fault Current Analysis first
Sub-module Converter blocks Depends on number of
capacitor discharge oedorer e curent CONNECtion at DC bus
Converter V —s |
transformer N
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. . : i Depends on AC
by sub-module capacitor discharge rvere DC b v BFid strength
damped cscllation bedwean convarter and
"At t; converter blocks. 0 Fautt ocation
. 5 058- DC voltnge dip due 1o conmverar mockn;
lThe DC Voltage drops fo”ow'ng 3. & 1al converter arms conduct At this moment)
. g iz
converter blocking
"From t, onwards AC infeed through =t
freewheeling diodes DC bus voltage collapse ~ * .,
(all the six arms conduct)
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DC vs AC interruption

15 kA in 100 km line = 11 MJ
= 30 ton train at 100 km/h

= AC interruption: = DCinterruption:
v' Capture the swinging mass in its outer v Oppose the motion of a linearly moving
position (current zero) mass ---> counter voltage

v’ Zero kinetic energy = Max potential energy v The sooner the better >min. momentum
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HVDC Fault Current Interruption Technique

= How to generate counter voltage?
interrupt
= Strategy:
v'Create a current zero in the main path: — commutate —
interrupt absorb energy
v'Commutate the current in high-impedance path:
commutate
v'Limit and sustain the counter voltage with a MOSA:
absorb energy
* Current will be = .
suppressed to zero  ""a |
Current _ ~ : '
e N |
= et
MegaWattsI
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Two Mainstream HVDC Circuit Breaker Technologies

= Active current injection technology * Hybrid technology
v'Create current zero in a vacuum interrupter v' Block main current path
v'with discharge of pre-charged capacitor v Force current into a power electronics path
v'with a power electronics excitation circuit v’ Interrupt with power electronics

* Realized up to 500 kV = Realized up to 500 kV

Milan  07/07/2020 13

The Critical Stresses on HVDC Circuit Breakers

overvoltage
withstand

counter
voltage

DC voltage
withstand

di/dt -

fault current energ
rlse """"""" dDSOrp O
U, U
\
IEO".
fault current interruption CB open
suppression
current
internal zero
commutation creation Tests shall cover all stresses
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HVDC Circuit Breaker Test Methods and Circuits
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KEMA Method - Using Low Frequency AC Generators

6 Short-circuit Generators
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Test Circuit for HVDC Circuit Breakers - Critical Aspects

Over-Current/Distress DC recovery voltage source
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SciBreak 24 kV 10 kA DC Breaker under Test — 2018 @KEMA Labs
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Mitsubishi Electric 160 - 200 kV / 16 kA HVDC Breaker under Test @KEMA Labs

Vacuum interrupters

-

—

245kvV T
Inductors
HVAC breane.
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» 20 kA — current interruption
» 480 kV - TIV peak
» 3 ms operation

» 380 kV DC recovery voltage applied (1 second)
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ABB 350 kV 20 kA Hybrid HVDC Circuit Breaker under Test @ KEMA Labs
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Standard Components used in a Non-standard Application = New Stresses

switching gaps and drives semiconductor switches
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Zhangbei project China 2020
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/.;;;F; Wind power,PV Fengning 500kV Bus < .
Mengd Farm Fengning Yudaokou ?
= + 500 kV 4-terminal onshore project p—— _J i
L. . Converter 227km | e :
= Symmetric bipolar, half-bridge MMC (e
= 4.5 GW renewable energy hanghe 66 km 12t i
. . Station 219 k
= 16 HVDC circuit breakers , i
5 manufacturers, 3 technologies sow dowme At
Zhangb;i UHV Station :gﬁl‘e‘g& .CFEE:{?E::I:' —f
—&>—  DCBreaker Beijing 500kV Bus Tangshan 500KV Bus

China

Future projects - 2020

= Small-scale multiterminal projects in Italy (SACOI),
Canada, China

= Future projects, extensions,
- Baltic Integrid
- European Offshore Busbar

CIGRE TB 713 B4.60
atlanticwindconnection.com

Caithness Moray MT proposal SSE, UK

£

* State Grid Co of
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Future projects = 2020: EuroBar

STEP 3: EUROBAR. THE n...
EUROPEAN OFFSHORE GRID -

. Ch fstics of E " |

Innovative concept for the European offshore
collaboration

QOffshore concepts can be combined modularly
Offshore grid connections confinue to be sultiable for the
respective needs
Ewrobar enables technl
{,Offshore-Grid-Ready”)

disation

= HYOC comidar
1 hydeogen demand
e ofiehore netaoriing

AV | Anmast crocs Camkinoone
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Public Demonstrations = LIVE

"& \ - | | R o i

SciBreak 80 kV 16
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AC and DC will live together in close harmony = no more “current” War

. II»G = .rh OMa 5 =414
Thank you for your attention! TEST ﬁ\ VS EDISON

{1\ PLEASE KEEP A DISTANCE OF 1.5 METER /T\

PROMOTioN @ CIGRE: Aug. 24 14:00-17:30

PROMOTioN Live Q&A 12:00-14:00:

Offshore HVDC Grid Technology Sept 4

.. HVDC technology qualification Sept 11
. HVDC Grid planning Sept 18

Final Conference: Sept. 21
Register www.promotion-offshore.net
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