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It is impossible to avoid short-cicuit currents
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SuperconductingFault Current Limiters
Short-Circuit Limitation

High short-circuit capacity 

during normal operation

(low short-circuit impedance)

- Low voltage drops

- High power quality

- High steady-state and transient 

stability

- Low system pertubations

Low short-circuit capacity 

during fault conditions

(high short-circuit impedance)

- Low thermal and mechanical 

strain

- Reduced breaker capacity 

Compromise in power systems

Optimal solution

FCL/SCFCL

- Low impedance during normal operation

- Fast and effective current limitation

- Automatic and fast recovery
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Introduction of a higher voltage level 

Splitting of busbars

Choose or upgrade to higher voltage

High impedance transformers

Current limiting air coil reactors         

Fuses

IS-Limiter
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Apparatus
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Conventional Measures to limit short-circuit

currents
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SuperconductingFault Current Limiters
Different types

Resistive type

JSimple concept

J fail safe

Jcompact, low weight

LCurrent leads to low

temp.

Cryostat

LN2

HTS 
Module

Current
leads

RSC

LQ Switch

RQ

U0

iac

Rp

SCFCL

L
o
a
d

Electric circuit
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SuperconductingFault Current Limiters
Different types

DC biased iron core

Ăsaturated iron coreñ

Jno SC quench

J immediate recovery

Jadjustable trigger current

LHigh volume and weight

LHigh impedance at normal 

op.
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Bsat

BGrid BGrid

C1
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o
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Electric circuit
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SuperconductingFault Current Limiters
DC biasediron core/ SaturatedIron Core
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SuperconductingFault Current Limiters
DC biasediron core/ SaturatedIron Core



KIT-Zentrum Energie11 M. Noe, EASITrain Summer School 2018, Vienna ïFault Current Limiters

C1

L
o
a
d

LQ

RQ

U0

SCFCL

iAC

vL1 vL2

iDC1 iDC2

H1B1

H1

1
1

1

dB
L

dH
=

iac
U0

( )

D = +

= +

1 2

1 2
ac

v V V

di
L L

dt

H2
B2

H2

2
2

2

dB
L

dH
=

t

HDC1

HDC2

Electric circuitIron core characteristic

SuperconductingFault Current Limiters
DC biasediron core/ SaturatedIron Core
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SuperconductingFault Current Limiters
Different types

andmanymoreΧ

Shielded iron core

ĂInductiveñ

JNo current leads to low

temp.

JFail safe

LHigh volume

LHigh weight

HTS 
coil

Cu coil

Iron core

RSC
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SuperconductingFault Current Limiters
Howto design a resistivefault current limiter?

1.4 Ohm

Source: Noe, M, Hobl, A, Tixador, P, Martini, L, Dutoit, B,Conceptual design of a 24 kV, 1 kA resistive superconducting fault 

current limiter, IEEE Transactions on Applied Superconductivity, 22, 3, 5600304-5600304, 2012
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SuperconductingFault Current Limiters
Howto design a resistivefault current limiter?

Nominal voltage 24 kV
Nominal current 1005 A
AC withstand voltage 50 kV
Lightning impulse 125 kV
Max. prospective current (peak) 10.8 kA
Limitation time 120ms
Max. short-circuit current cont. (RMS) 4 kA
Recovery time < 30 s

1.4 Ohm
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Superconductingfault current limiters
Howmuchsuperconductingwire is needed?

16.5
275

1005414.12
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Howmanytapesin parallel?

Assumption2011 for 10mm wide YBCO tapeat 77K, sf

What is the total tape length?

1) What is the total voltagealongthe tapeduringlimiation?

kVkA
kV

U
RMS

25.84.14
3

24
lim,

=W-=

2) Do not overheatthe tapeduringlimitation?

Fora electricalfield of 0,43 V/cm the temperatureduringlimitation time of 120 mscanbe
kept below360 K.

mml
SC

342036190 =ÖÖ=
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Superconductingfault current limiters
Whichconfigurationfor the HTS?

B
Bifilar straight

A
Straight line

D
Bifilar coil

C
Monofilar coil
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Superconductingfault current limiters
Howto calculatethe total loss?

Currentlead loss?

45 W/kA for uncooled and optimized copper current lead from 300 K to 77 K

45 W/kA * 1 kA *6=270 W at nominal current
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Superconductingfault current limiters
Howto calculatethe total loss?

Loss of the cyrostat?

P=120 W

ThreeLN2 vesselsin one
vacuumvessel.
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Superconductingfault current limiters
Howto calculatethe total loss?

AC lossof the superconductor?

Clem 2008 PRB 77 134506
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Superconductingfault current limiters
Howto calculatethe total loss?

Summary of total loss
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Superconductingfault current limiters
Whichcoolingoption?

A B C D
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Superconductingfault current limiters
Major projectson resistivetype SFCL

Lead Company Year/Country 1) Data 2) Phase Superconductor

ACCEL/NexansSC D / ́ 04 12 kV, 600 A 3-ph.V Bi 2212 bulk

CESI RICERCA Italy / ́ 05 3.2 kV, 220 A 3-ph. Bi 2223 tape

Siemens / AMSC D / USA / ́07 7.5 kV, 300 A 1-ph. YBCO tape

LSIS YƻǊŜŀ κΩлт24 kV, 630A 3-ph. YBCO tape

Hyundai / AMSC Korea / ́07 13.2 kV, 630 A 1-ph. YBCO tape

KEPRI Korea / ́07 22.9 kV, 630 A 3-ph. Bi 2212 bulk

Toshiba J / 2008 6.6 kV, 72 A 3-ph.V YBCO tape

Nexans SC D / 2009 12 kV, 100 A 3-ph.V Bi 2212 bulk

Nexans SC D / 2009 12 kV, 800 A 3-ph.V Bi 2212 bulk

RSE I / 2011 9 kV, 250 A 3-ph.V Bi 2223 tape

RSE I / 2012 9 kV, 1 kA 3-ph.V YBCO tape

KEPRI Korea / 2011 22.9 kV, 3 kA 3-ph.V YBCO tape

Nexans SC D / 2011 12 kV, 800 A 3-ph.V YBCO tape

AMSC / Siemens USA / D / 2012 115 kV, 1.2 kA 3-ph.V YBCO tape

Rolls Royce UK / - 11.5 kV, 400 A 3-ph. MgB2 wire

Nexans SC D/2013 10 kV, 2.4 kA 3-ph.V YBCO tape

Nexans SC EU 2013 24 kV, 1 kA 3-ph.V YBCO tape

Applied Materiaks US /2013 15 kV / 1kA 3-ph.V YBCO tape

NexansSC UK/2015 12 kV/1.6 kA 3-ph.V YBCO tape

Applied Materials US / 2016 115 kV 3-ph.V YBCO tape

Plus more Projects in Russia, China, India
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SuperconductingFault CurrentLimiters

State-of-the-Art

Nexans Siemens Applied Materials

Resistive type, YBCO

12 kV, 1600 A

Installed 11/2015

Resistive type, YBCO

12 kV, 815 A

Installed 3/2016

Resistive type, YBCO

115 kV, 550 A

Installed 7/2016


