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Quench Behavior of Wires for Superconducting Fault Current Limiters at DC Faults
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Abstract: The quench behavior of wires for superconducting fault current limiters at DC faults was simulated, with a focus on

the effect of capacitor discharge on the quench. The behavior was also expressed in mathematical forms to facilitate a better

understanding of the simulation results and for rough analytical estimations of the wire length suitable for the circuit voltage and

capacitance. The quench resistance development behavior for various wire lengths and circuit capacitances was simulated using

the model developed in the previous work. The quench behavior was expressed in mathematical forms, reflecting the concept of

heat balance. During the quench, the wire temperature increased more slowly for longer wires, but was found to increase in a

similar pattern. The wire length estimated by the mathematical formula was close to the one obtained by the simulation, with an

error range of a few %. The calculations will be used to estimate effectively the length of wires needed to build superconducting

fault current limiters for applications in DC power systems.

Keywords: Quench simulation, Analytical quench calculation, Superconducting wires, DC fault, Superconducting fault current
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Fig. 1. A schematic of a DC circuit connected to an AC circuit via an
AC/DC converter under short-circuit conditions.
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Fig. 2. A schematic of the test circuit with which the data used in the
simulation verification were taken [7].
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Fig. 3. Calculation results along with data from [7] for the sample
current.
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Fig. 4. Calculation results for (a) the current and (b) the resistance of
an 8 m long superconducting wire, and (c) the voltage across the
capacitor. The capacitance is 0.01 F.
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Fig. 5. Calculation results for the normalized resistance of

superconducting wires for selected wire lengths. The capacitance is
0.01 F.

gt ALt 235 YERU QIS 24 = AAje] o7t o=
A 8] X Fgo] 2t A gol h2u g M-S A= A
& ¥oE YF Z UEHUT 2ot 445, & &4
= Aol ©9] Zol & Q7= A do] A2 APl
a7 Z7tsto] g2 A ol =2st= o 2 A=
7102 Uepgch Z2ol7F8 m, 10 m, 13 m, 15m ¥ 20
m% o &2 S 217F 57 ms, 9.4 ms, 17.5 ms, 25.2 ms
% 63.0 msol = A woll =Zstt. &, & AIRE
o] 63.0 ms2tH 2H & ghF7] A|&tof] ™ gk Mxjo] 4
O] 20 m o]%fo]ojof gty

R = dRjoAe] A LA H52 orafiet ol A&
Aoz Aidd 2 oot A=A UA AFE 2fsh=
771 =29 Ago] Y5t ofof what - = Ao &
= gol It A e Ao YRS & B AR +=F
oz AGE 1 JHA] Fo] HEA] 2= & 354l
Z1ct. offjo] & o YA Alo] o] FYZ Ao = LE}
bl

Cu() S+ G(T —Ty) =P (1)

oA71M Gy G PR Toe 22 =
Aol 2ol A AG A4, 52 2

3 590 2
ofct. pAS) A P AHEAY LES HEAT]E &
2. F WA P AHE MA e FHoR ATHE o
2 Uepdch. Gt G 2 =0l tfe} watet (8.9

o=
AN A5 S
7h 8 mel %90

\__ =
£ 2AE ARo] Aol 4L AatS £t S7hA] A

Resistance / Rmm -

—— With heat transfer
0.2 - - - - Without heat transfer 1

0.0

0 10 20 30 40 50 60 70 &0 0
Time (ms)
Fig. 6. Calculation results for the normalized resistance of the 8 m

and the 20 m long superconducting wires with and without heat
transfer to the surroundings. The capacitance is 0.01 F.

o] &tol7} #o] LpER}A] 9k, Zol7} 20 mel %ol
det 5 7)o A9] Ato] UA] Qhthrt AL Abo] Lhe R0
2 el o). T2t 5 90 msol A & Kol gg wof
A Aol Qe wo] ulsl Aatol oF 5 % o WAsHE 7
©2 UERgT. o]e} o] et x7]o) Al (1)2] £ WA
32 A 4 9100 A (1)2 ofzjet 2ol k.

Ch(T) ;=P (2)

T2 B Pl vpss ARtsH ] YA = AR o= AR0)
o ZRE AR S AL (v S LotoF St A7 9=
off o] FAstH A RA 2 L FASONA F2 = o] A
TAEQF A F ol2 2 4/4dd RLC oJ27t "} [1]. o]
whet AHIHAIE 7} of2f A of] what g et

LOZ—;' F+i(OR®) =V (O (3)

R(t) = Ry + Rps(1) (4)

A7 Ly V., Rag‘i Rp= 212 3l2 AEE A FTfA]
B oftk Aot 37 Ast W 2A T MR] Agtolct AT

771 vl =9 (non-inductive) 2 2 A|AFgtthal 7Hg

stoict.

AR EAL WRE 5o AT MA| Y ALL 52
R ato] bk At QITiE|o] gt MQtHCt WH o2
AMe SastA 87 Al Ryt Ly2 TASHECE
i= -dQ/dt = ~Cod V,/dt o) B2 (G714 Cr= HTjAIH
o] H& gakolr}), Al (3)2

Ryes(£)Co 22+ V() ~ 0 (5)

dt



J. Electr. Electron. Mater., Vol. 39, No. 1, pp. 19-26, January 2026: Kim et al. 23

40 T T 4

;g%

Specific heat {(Jicm*/K)

30+

20/“*/

{\;S)
10} (f
0 91

L 1 L 1 O
50 100 150 200 250 300
Temperature (K)

Resistivity (u©2 cm
N

—C— Resistivity

—— Specific heat

Fig. 7. The resistivity and the specific heat of the superconducting
wire on which calculations were carried out.
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Table 1. Estimated superconducting wire lengths suitable for selected values of 7300 x. The capacitance is 0.01 F.

1300 k (MS) 5.7 9.4 17.5 252 63.0
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By Eq. (12) 8.42 10.51 13.63 15.70 20.48
Relative error (%) 53 5.1 4.8 4.7 2.4
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Fig. 10. Calculation results for (a) the resistance of an 8§ m long
superconducting wire and (b) the voltage across the capacitor of
selected capacitances.

Table 2. Estimated superconducting wire lengths suitable for selected
values of 7300 k. The capacitance is 0.02 F.

300 k (MS) 5.2 19.3

Estimated By simulation 8.00 15.00

length (m) By Eq. (12) 8.45 15.63
Relative error (%) 5.6 4.2
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Table 3. Estimated superconducting wire lengths suitable for selected
values of #300 k. The capacitance is 0.005 F.
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