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ADBB Introduction

Context
« DCCBs are seen as important lever for HVDC grid
« HVDC grid are considered to connect renewable energy

Scope of work
« Test the effectiveness of DC protection algorithms (selective fault clearing)
« Show the capability of HVDC grid to survive to DC fault
« Integration of DCCB in multivendor HVDC grid scheme
* Provide a proof of DCCB controller performances on
« Control of switches, DC chopper,
» Signal processing
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Real-time simulation with physical hardware in the loop

« Areplica is an exact copy of the actual control and protection system installed on site
T Physical equipment

Voltage/current
measurements
Indications

Orders :
Firing pulses p —

__________________________
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Hybrid DCCB description
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Hybrid DCCB offline modeling
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[1] W. Lin, D. Jovcic, S. Nguefeu and H. Saad, “Modelling of High Power
Hybrid DC Circuit Breaker for Grid Level Studies,” IET Power Electronics,
special issue on DC grids, Feb 2016
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Hybrid DCCB RT modeling
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Hybrid DCCB RT model validation
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@ FAD» Hardware-in-the-loop SET-UP
Control cubicles & Real time simulator
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Control cubicles & Real time simulator

Station Control and Monitoring Simulator Interface

Real-time Simulator

L s |

Pole Control and Protection Multiterminal Control and Protection

WS promotion - HIL setup for testing DCCB performances- 27 Sept 2019

13



@ A Hardware-in-the-loop SET-UP
Control cubicles
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Hardware setup for the HIL simulation
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DC network modelling

300
C =
Frequency dependent cable model @
o
U) %mn
>
Seefloor O . ‘ : ‘ : ‘
1.0E-5 1.0E-4 o.0o1 0.01 o1 1 10 100 1000 10000
Core (copper) c -
Rints Rexrrf1 q)
Insulation 1 Pole - . -
Rext1s RinaEq, tandy o g E‘
-
 Sheath (lead) 3 -
Rinz: Reuz: P2 I I ) ; ; ; ; ; ; ; ;
---ll-'{s-l:l-l_a-t-iaf:l-_z---_--_- T -W%DUE-E 1.0E-4 g.001 a0l a1 1 10 100 1000 10000
Roxtzs Rinas , tand; Frequency [Hz]
Armor (steel)
Rinz, Reaar P3 C
- — =m1i==m2
\. Insulation 3 | © 400 : :
Rextas Roun B3, tandy ; Psea E 3 :
» < 200 EEREEE BN RITEECEEERPRRE- oS
= : :
50cm o R I S P U
P & 2 ° ! : Tt
Figure I1.7: DC'underwater cable layout © S 3 u :
) 200 e e A s
E 400 i i ; :
0 0.004 0.008 0.012 0.016 0.02 0.024 0.028 0.032
. — Time [s]

WS promotion - HIL setup for testing DCCB performances- 27 Sept 2019



@@

DCCB embedded functions




AP DCCB embedded functions

Hybrid DCCB control

« Block/deblock the LCS

» Open/close UFD, RCDCB

» Block/deblock individually main branch cell
« Control & balance the varistor energy
Functions

« Soft start
« Current limiting functionality
« DC chopper controls

« HVDC grid protection algorithm:

locally based: measure & compare the steepness of the incident wave
« telecommunication based: traveling wave differential protection

WS promotion - HIL setup for testing DCCB performances- 27 Sept 2019

18



AL Eb IR
MDD

[A]
_T3[A]

S2W2_1 T3

=
L
=
=
&y
]
=]
—
in

S1DLP_TW

52:LCS_BLOCKED

B2:0RD_OPEN_UFD

S2:MBE_BLOCKED

DCCB embedded functions
Example of DCCB of fault clearing
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Scenario considered for the DC fault test case
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Scenario considered for the DC fault test case
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Summary

« Hardware in the loop set-up built-up for testing DC breakers

« Connect several physical industrial controllers corresponding to latest technology
« Modeling and set-up validation was proven over several representative examples

R&D facility
« Available for preforming future R&D activities around DC grid protections
« Can be extended to other vendor equipment

DCCB HIL set-up contribution
« Demonstrate the effective operation of DC breaker controllers
« Provide more confidence for installation of DC breakers for future DC grid development
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[1] P. Rault, M. Yazdani, S. Dennetiere, C. Wikstrom, H. Saad, N. Johannesson, “Real-time simulation with an
industrial DCCB controller in a HVDC grid” International Conference on Power Systems Transients (IPST'19) in

Perpignan, France, June 16-20, 2019

WS promotion - HIL setup for testing DOCB performances- 27 Sept 2019 @: pierre.rault@rte-france.com 25


https://hvdcsquare.com/

