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|. Stability of a DC grid with a constant power load
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Analytical stability limit

R L IcpL
AA—YYN — > A
+ no ScFCL: Y
Ve C— Vep VepL
- Ps max = 2.33 MW CPLA V¥

o
- Table 1: DC grid parameters
Symbol Parameter Value
RC
%5

p o< 2~ Ve source voltage 5 kV
> T R resistance 40 mQ)
L inductance 0.6 mH
C capacitance 1.4 mF

[1] M. Cupelli, F. Ponci, G. Sulligoi, A. Vicenzutti, CS. Edrington, T. EI-Mezyani, A. Monti, "Power flow control and network stability in an all-
electric ship," Proceedings of the IEEE, vol. 103, no. 12, pp. 2355-2380, Dec. 2015.
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Numerical stability
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Il. Stability of a DC grid with a constant power load
and a superconducting power filter
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DC grid with a constant power load (CPL) and a
superconducting power filter (ScPF)

VScPF

IgcpF R L IcpL

I'scpr

VepL VepL

e Superconducting Power Filter (ScPF) = non-inductive SC coil + RLC
e |t behaves as a current dependent resistance:

P. < [R'I'FSCPF(iScPF)]C
5 >~
L

Ve
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Il. Stability of a DC grid with a CPL & a ScPF

1. ScPF lumped parameter thermo-electric model
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Electric model

Hypothesis
thermal effect
neglected

10 r T T T
power law
8 L
= |or
[®]
L
S~
Ll 4 F
2 -
[1] B.B. Jensen, A.B. Abrahamsen, M.P. Sgrensen, J.B. Hansen, 0 ) ) ) .
“A course on applied superconductivity shared by four 0 02 0.4 06 0.8
departments ,” US-China Education Review A, vol. 3, no. 3, ’ ’ — '
141-152, 2013. J/Jc []
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Electric model Hypothesis
E|j n—1 thermal effect
v = ELg, E(j) = IR neglected
P= ] Ase EcLs|i|"?
I = JcAsc v(i) = il 1
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Electric model Hypothesis
n(T)—1 thermal effect

. E. ' .
Tl).ijffsc E(]) — ]C(T) ]c(]T) ] included
- Jeese n(T)—1
IC(T) — ]C(T)Asc v (1) = IEC(L;g 7 (ZT) 1
rec(i, T)

i A 10
power law @T
(i T) v )
— o
z
> 4t
92 K—T

L(T) = Lo (92 K—77 K) gl

n(T) =N 77TK " 02 04 i/?.6[] 08 1 1.2
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Electric model f. YBCOlayer

Current sharing R, metallic layers
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77 K I

n(T) = no——

Thermal model Coupling P
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[1] J.). Pérez-Chavez, F. Trillaud, L.M. Castro, L. Quéval, A. Polasek, R. de Andrade Jr, “Generic model of Three-phase (Re)BCO Resistive
Superconducting Fault Current Limiters for Transient Analysis of Power Systems,” IEEE Trans. on Applied Superconductivity, vol. 29, no. 6, 2019.
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Il. Stability of a DC grid with a CPL & a ScPF

2. Simulation results
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VscPF

° oo IscpF R L fepL
Numerical stability > MW,
Table 2: ScPF parameters T no ScPF: oL P
V T Ver VerL
Symbol Parameter Value : (-) P, .. =233 MW o ¢>
E. critical current criterion 107*V/m
I tape critical current @77 K 300 A = ®
ng power law exponent @77 K 21 )
L. tape length 100 m
nb of tapes in parallel 2

Rgn shunt resistance 50 mQ)
E 5500 ¢ ' | ] 5500 5500

z 5000 ——-»: : 5000 5000

O

> .
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ScPF behavior
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lll. Towards an experimental proof of concept
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lll. Towards an experimental proof of concept

1. DC100 testbench at GeePs
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Overview of DC100 testbench

VscPF

VepL
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Overview of DC100 testbench

VScPF — CPL === === = —m = — e = == = -
«— |
How to make :

4 a real CPL ?

VepL

[ ™
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Overview of DC100 testbench

PECTL e -

Vioaq IS kept constant by controller <> P, is kept constant (CPL)
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DC100 testbench ]

+ 1
() C—= VerL

Vioad

P

=i

[1] H. Hallak, M. Martial, “Stabilisation d’un réseau DC en utilisant une bobine supraconductrice," Rapport de projet de Master 2 PIE-PDE, GeePs,

Univ. Paris-Saclay, Gif-sur-Yvette, 2018.
[2] B. Hamard, “Méthodes et outils SIMULINK pour la conversion en langage VHDL d’'une commande continue ou discrete” Rapport de projet de

Magister, GeePs, Univ. Paris-Saclay, Gif-sur-Yvette, 2018.
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Stable |
operation O
(no ScPF) IS

Vioad

Tek Exéc.

Pré—décl.

LcpL

e i WA s & Ly M A S

i R e TRINITINP YR L ST RIS Y
MMM“MIMM """""" P,=476 W

stable

VUcPL

@ 200V 2

(@ 1.00kv 200ms )}
n valeur Moyenne Min Max Ec. type |
@ Efficace 304V 38.4 37.1 30.4 860m : : :
@ Movenne 39.4V  38.4 37.0 39.4 880m 200ms 50.0KkEch/s 2 5 1724
2 100k points
@ Fificace 565 W 1.12k 565 1.47k 350 27 Mar 2018
@ Movenne 476w 1.00k 477 1.34k 334 14:16:49

[1] H. Hallak, M. Martial, “Stabilisation d’un réseau DC en utilisant une bobine supraconductrice," Rapport de projet de Master 2 PIE-PDE, GeePs,
Univ. Paris-Saclay, Gif-sur-Yvette, 2018.
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Unstable

operation
(no ScPF)

TejcExéc.

Pré—décl.

. 20,0V . 20.0 A ) ............
@ 1.00kv 200ms )
L Valeur Moyenne Min Max Ec. type | . )
@ Efficace 37.3V 37.3 37.3 37.3 0.00 S S S S S S
@ Movenne 37.1V  37.1 37.1 37.1 0.00 [200m5 ][SU-UKECWS} @ 5 172 AJ
@ Efficace 38.4 A 38.4 38.4 38.4 0.00 Q> —2.00000ms | [100k points
@ Moyenne 35.2A 352 35.2 35.2 0.00
@ cfficace 1.42kw 1.42k 1.42k 1.42k 0.00 27 Mar 2018
@ Movenne 1.30kw  1.30k 1.30k 1.30k  0.00 14:43:34

[1] H. Hallak, M. Martial, “Stabilisation d’un
Univ. Paris-Saclay, Gif-sur-Yvette, 2018.

Vioad

P.=1305W
unstable

réseau DC en utilisant une bobine supraconductrice," Rapport de projet de Master 2 PIE-PDE, GeePs,
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lll. Towards an experimental proof of concept

2. ScPF prototypes
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Specifications

* Non-inductive coil

RC
P < TVe2

e BSCCO or YBCO (77 K)
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Prototype ScPF#1

* BSCCO
e |.=63A
* L,.=52m

Validate winding «f
Characterize | ScPF

[1] G.B. Huang, B. Douine, K. Berger, G. Didier, I. Schwenker, J. Lévéque, "Increase of stability margin in embedded DC electric grid with
superconducting stabilizer," IEEE Trans. on Applied Superconductivity, vol. 26, no. 4, June 2016.
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Prototype ScPF#2

g
e ReBCO (Shanghai SC) “
e I.<90A

* L,.=9m '

Validate winding A
Characterize | ScPF 4

[1] El Harouch Abdessamad, Ikram Hamdaoui Aloui, “Réalisation et caractérisation d’'une bobine supraconductrice non inductive," Rapport de
projet de fin d’étude de Master, GREEN, Univ. of Lorraine, Nancy, 2018.
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Prototype ScPF#3a

e BSCCO (Sumitomo) N R ]
e |.=175 A (datasheet 170 A) Rl |

300r
* L.=5m
200r
100
' | . N
0 50 100 150 200
isc [A]
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Prototype ScPF#3c .

5000F —Xftest2
e BSCCO (Sumitomo) — aonol
e |.=154 A (datasheet 170A) %,
* L,=25m N ——
1000
0 %0 100 150
i.. [A]
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Prototype ScPF#4a

300F

e« ReBCO (SUNAM)

e |.=129 A (datasheet: 199 A) E. 2001
° Lsc =2m 3 150F

100+

S50F

U 5 'S 1 1 4 1 :
0 20 40 60 80 100 120 140
[1] V. Naude, T. Benramdane, “Etude de faisabilité d'un filtre

supraconducteur pour les réseaux a courant continu haute tension," Isc [A]
Projet 3A, GeePs, CentraleSupélec, 2020.
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Future works

 Winding and characterization of a ScPF made of 100 m of BSCCO

 Experimental proof-of-concept of the proposed function
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IV. Conclusion
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Conclusion

e A new application of HTS technology is introduced. The device
referred to as "Superconducting power filter" (ScPF) aims at
increasing the stability of DC grids by adding a current-dependent
resistance to a classical RLC filter.

* In comparison with other stabilization techniques, a ScPF achieves
a fully passive stabilization without decreasing the energy transferred
to the load in nominal operation.

e To clarify its operation, a simple DC circuit with a controlled power
load (CPL) and a ScPF was considered. Using an thermo-electric
lumped-parameter model of the ScPF, the stability of the DC grid was
assessed for a given test case.

e Efforts are underway to provide an experimental proof of concept.
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