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The superconducting fault current limiters at high voltage levels and for high current applications should
be constructed with modular structure. The superconductor tapes have to be connected in series according to
voltage condition and in parallel in order to increase the nominal current of the devices. The process of quenching
may occur in all superconducting devices, but in fault current limiters this process must be fully controlled.
Uncontrolled transition of the superconducting tape from the superconducting state to the resistive state may
cause local overheating and burning through of the high-temperature superconducting tape and, consequently,
lead to the destruction of the entire superconducting device. The knowledge about these phenomena in order to
be able to properly design superconducting fault current limiters is indispensable. In this study, fault currents
were applied to the parallel-connected YBCO tapes in a liquid nitrogen bath, and the characteristics of the current
distribution were examined experimentally. The tests were carried out for 2G high-temperature superconducting
tapes with copper stabilizer and on tapes without the copper stabilizer.
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1. Introduction

A rapid increase of the resistance of a supercon-
ductor on crossing the current critical value I, makes
it possible to build reliable superconducting fault cur-
rent limiters (SFCLs). SFCLs react very rapidly
by limiting the first, the most dangerous, surge cur-
rent during a current fault condition, thus protect-
ing the devices of the electric power network from
the dynamic effects of current faults [1-4]. Super-
conducting tapes with a copper stabilizer or with-
out [5, 6] can be used for the construction of current
limiters.

Superconducting tape for SFCLs should be char-
acterised with a high value of the critical current
in relation to its width, and with high resistivity
in the resistive state. Moreover, superconducting
tapes should ideally have identical electrical parameters,
i.e. constant value of critical current and resistance in
the resistive state, on its entire length. In order to
make the superconducting elements of SFCLs, super-
conducting tapes are connected in series and in par-
allel. Connecting superconducting tapes in parallel is
used in order to multiply the critical current of the
superconducting element. The main objective of the
tests was to experimentally determine quench differ-
ences for tapes with and without a copper stabilizer and
for the distribution of current in HTS tapes connected
in parallel.
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2. Characteristics of HTS tapes used for tests

Two kinds of 2G HTS tapes have been used for the
investigation of the transient response of the 2G high-
temperature superconducting (HTS) tape under an alter-
nating overcurrent. Series of measurements were carried
out for tapes with a copper stabilizer (SCS SuperPower
tape) and on tapes without a copper stabilizer (SF Super-
Power tape). Tape parameters are collected in Table I.

TABLE I
Specification of used 2G HTS tapes
Type of 2G HTS wire SF4050 SCS4050
producer SuperPower SuperPower
width 4 mm 4 mm
substrate thickness 0.050 mm 0.050 mm
HTS thickness 1 pm 1 pm
stabilizer thickness 2 pm 2 pm
cap layer silver silver
copper stabilization without 40 pm
average I. 120 A 126 A
minimum I, 118 A 123 A
maximum /. 122 A 129 A
substrate resistivity 125 p€2 cm 125 p€2 cm

The 4 mm width tapes were used for measurements
because our measuring system has a limited short-circuit
current. The maximum short-circuit current in the lab-
oratory circuit was 600 A. Experimentally determined
temperature-dependent resistance between 77 K and a
room temperature for these tapes is presented in Fig. 1.
The measurement of the superconducting tape resistance
was performed using the 4-wire method.


http://doi.org/10.12693/APhysPolA.135.19
mailto:m.majka@pollub.pl

20 M. Magka, J. Kozak

1,50

Lps . —@=SF4050 e
g 1.00 t—.—
3075 — —

& 0,50
0,25 :{ T[K]
0,00 " il Rl Al - Bkl P I ecbichcl

75 100 125 150 175 200 225 250 275 300
0,15

e
i SCS4050
£0.10
3 0.08
& 0.05 —
0.03 T[K]
0,00 » i

75 100 125 150 175 200 225 250 275 300

Fig. 1. Measured temperature-dependent resistance of
4 mm wide SCS4050 and SF4050 tapes (length of tape:
100 cm).

3. Test circuit

The experimental setup consisted of three main ele-
ments: a holder with the examined tapes, a supplying
system, and a data acquisition system. A schematic dia-
gram of the experimental setup is presented in Fig. 2.
The measuring system allowed to change the voltage
powering of the superconducting tape and to start and
stop the power supply automatically. It is possible to ad-
just the voltage in the short-circuit testing station thanks
to using an autotransformer. The controller has a system
of detecting the passage of the signal through zero value,
a system of regulating the time of delay and a system
of regulating the time of a short-circuit. The powering
and recording systems will be controlled via the data ac-
quisition system equipped with PC computer, a National
Instrument DAQ Card and software written in LabView
environment [7].
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Fig. 2. Schematic diagram of AC over-current test

setup.

The holder for testing of the HTS tapes in transient
state is presented in Fig. 3. Copper terminals were sol-
dered to a 16.5 cm long piece of a superconducting tape.
The electrical termination of the parallel connected tape
samples with copper stabilizer and without stabilizer has
been identical. The copper plates have been soldered on
both sides of the HT'S tape using Sn62Pb36Ag2 alloy.
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Fig. 3. The holder for testing of the HT'S tape in tran-
sient state: 16.5 cm long tape with voltage leads sol-
dered to the tape at 2.75 cm.

250 A 60 mV shunt was used to test the current in
the circuit. In order to evaluate the longitudinal quench
propagation seven voltage taps have been soldered to the
HTS tape to monitor the voltage drop along the tape.
The voltages were measured differentially on each seg-
ment of the tape. The segments of the tape and voltages
of these segments were numbered as shown in Fig. 3.
A measuring length of the superconducting tape was
mounted in the holder and then cooled with liquid ni-
trogen in a cryostat under atmospheric pressure. Tests
of the superconducting tape have been performed for sev-
eral values of the current below its critical value I. and
for currents whose values exceed several times the tape’s
critical current value.

A holder used for the tests of two superconducting
tapes connected in parallel is presented in Fig. 4. It con-
sists of a base to which two copper blocks were screwed.

Two 16.5 cm (distance between current connectors)
pieces of HTS tape were used in the tests. Copper ter-
minals were soldered to the ends of the HTS tapes and
screwed to shunts from one end and to copper block from
the other end. Two voltage taps, with distance of 10 cm
between them, were soldered to the HTS tape. In or-
der to monitor the current flowing through each tape,
two 250 A, 60 mV shunts were used. Before tests both
shunts were cooled down to 77 K and calibrated for bet-
ter measurement accuracy. The resistance of the shunts
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Fig. 4. The holder for testing of HT'S tapes connected
in parallel.
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are 222 pf) and 223 pQ) at 77 K. The same soldering
method was used when preparing HTS tape samples, as
well as copper wires of the same length and the same
screw torque. During tests, the holder was cooled in a
liquid nitrogen bath. Tests were performed for different
values of the powering voltage and fault currents.

3. Results and discussion

3.1. The quench propagation in single HTS tape

Figure 5 presents the measurements results for
SCS4050 tape with a copper stabilizer. For increasing
values of current (Fig. 5a—c) at particular sections of the
superconducting tape, identical current waveforms were
recorded, thus the tape uniformly goes from the resis-
tive state and uniformly heats up on its entire length.
The root mean square (RMS) values of current were de-
termined for all current waveforms in Figs. 5-8. If the
RMS value of current is higher, the superconductor tape
heats up to a higher temperature at the same time.

Figures 6a and 6b indicates an early quench of sec-
tions 3, 4, 5 and 6. Therefore, the quench for this tape is
not uniform. Particularly dangerous is the passage of
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Fig. 5. Current waveform and voltages at subsequent

sections of SCS4050 tape with a copper stabilizer.
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Fig. 6. Current waveforms and measured voltages at
subsequent sections of SF4050 tape without a copper
stabilizer.

a current below 200 A and the occurrence of quench
in just one segment of the tape (Fig. 6a). Segment
3 presents a higher voltage during the fault period in
Fig. 6a, probably this segment has the lowest critical cur-
rent value than the other segments of the sample. In this
case, the superconducting tape heats up drastically over
a small section and may undergo thermal destruction.
For higher current values, quench is more uniform, and
from a particular voltage level (Uyom/l = 46 Vs m™1
for SF4050 and 2 V,,,s m~! for SCS4050) all sections
of the superconducting tape move into the resistive state
and heat up almost uniformly (Fig. 6¢). The quench is
more homogeneous in the tape with copper stabilization
due to bypassing the current through the copper stabi-
lizer during the quench [6, 7].

8.2. Tests of HTS 2@ tapes connected in parallel

Distribution of currents in connected in parallel
SCS4050 tapes with a copper stabilizer is uniform (Fig. 7)
but tape no. 2 goes into the resistive state sooner than
tape no. 1, and the voltage at it is by 30% higher than
at tape no. 1 (Fig. Tc).
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Fig. 7. Waveforms of voltages and currents for two
connected in parallel SCS4050 tapes with copper
stabilizers.

In case of two connected in parallel SF4050 tapes with-
out a copper stabilizer, current distribution between the
tapes was uneven for all the tested samples (Fig. 8).
If the current passing through tape no. 2 is not much
higher than the critical current (Fig. 8a), then the cur-
rent passing through tape no. 1 is almost 3 times lower
than that passing through tape no. 2. Uneven passage of
currents between the tapes could be caused by the dif-
ferences in resistance of twisted connections or the sol-
dered connections between the superconducting tapes.
For higher values of current (Fig. 8b), HTS tape no. 2
goes into the resistive state sooner than tape no. 1. For
currents twice higher than the critical current, the redis-
tribution of currents is balanced out (Fig. 8c) and the
recorded voltage at tape no. 2 is several times higher
than at tape no. 1. Uneven current distribution in two
parallel connected identical HTS tapes with the same
critical current is caused by the differences in resis-
tance of solder joints between the copper terminal and
HTS tape.
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Fig. 8. Waveforms of voltages and currents for two
connected in parallel SF4050 tapes without copper
stabilizers.

5. Conclusion

The aim of this article was to find the tran-
sient response of the 2G high-temperature super-
conducting tape and current distribution in paral-
lel connected tapes. The series of measurements
were carried out for 2G HTS tapes with a copper
stabilizer and on tapes without a copper stabilizer.
Differences in the distribution of currents resulting from
contact of connector resistance were observed for su-
perconducting tapes connected in parallel. Not only
quench for a single SCS 4050 tape but also currents dis-
tribution for HTS tapes with a copper stabilizer con-
nected in parallel are more uniform than for tapes with-
out a copper stabilizer. The HTS tapes without cop-
per stabilizer (e.g. SuperPower SF type) more effec-
tively limits the short circuit current and heats up
to a lower temperature than the HTS tape with cop-
per stabilizer, due to the higher resistance value after
quench.
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