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Abstract

This paper presents measurements of AC losses in multi-filamentary Bi-
2223/Aqg tapes using a calorimetric method. The AC losses are investigated at 77 K
for different AC currents and in frequency range form 50 Hz to 500 Hz. The results
are compared with Norris model [4] of calculating self-field loss in high temperature
superconducting (HTS) tape with elliptical cross-section.

Introduction

The superconductor materials of powder in tube method (BSSCO-2223, HTS
tapes) are available now in long lengths with a higher quality that ever seen before
[1], However one of the obstacles of having a superconductor is the power loss in a
heat form (Q) due to a magnetic and transport currents. To understand more about
heat losses in a HTS we need to measure the heat losses. The standard technique for
measuring losses in a HTS tape, due to AC transport currents is the utilization of the
phase sensitive voltmeter or lock-in amplifier (LIA)[2], which measure the voltage
generated along the HTS tape in phase with the current. Recent publications [1,2]
show a new technique to calculate the AC losses in a HTS tape when it is carrying a
transport AC current and under external magnetic field, the mentioned losses are
obtained by considering the power supplies driving both the current and the field and
carefully measuring the energy losses of these two supplies to the HTS samples. In
our research, we used a similar technique to measure transport AC losses with our
available devices.

Experiment

Sample

Eight-centimeter long sample of 64 filaments Bi-2223/Ag tape was studied.
The width and thickness of the sample are 4 mm and 0.21 mm respectively. The I-V
curve of the sample at 77 K was measured and shown as in figure 1. From this curve,
we obtained the Ic of the sample at 77 K is 115 A.
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Fig.1 I-V curve of the sample

Experiment apparatus

In this experiment we used a silver tape with the same dimensions as HTS

tape for calibration. In order to produce a measurable temperature rise when the taper
carry currents, both tapes were insulated from the surroundings (Liquid Nitrogen
bath, 77 K) using a two Styrofoam blocks as shown in Fig. 2 and using a rubber
silicon to avoid of having penetration of liquid nitrogen inside the samples. The
samples were attached to a cooper current lead using a welding solder and immerged
into a liquid nitrogen bath taking 5 to 9 minutes to reach the 77 K temperature.
We use two differential thermocouples to measure temperature raise of HTS and
silver tapes. For each tape, one junction of differential thermocouple was bonded to
the midpoints of the tape using a GE varnish, the another (reference junction) was
kept in LN, and then both ends of the differential thermocouple were connected to
twisted insulated cooper wires to avoid of having any magnetic inductance. We used
Keithley 2001 with option card 1801 to measure the voltage of the differential
thermocouples. The symmetry of the differential thermocouples circuit is also
considered so that the noise generated by temperature gradient and by junctions
between cooper wires and thermocouples is canceled.
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Fig. 2 Styrofoam box with HTS and Ag samples



Results and discussion

Twenty-second pulses of DC currents in the range from 4A to 15A were
passed through the calibration tape (Ag tape). The temperature rise on this tape
measured by differential thermocouples was shown in figure 3.
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Fig 3. Temperature rise of the Ag tape at 77 K for different currents at
500 Hz.

Using the voltage picked up from voltage taps on the calibration tape, we can
calculate the power dissipation on the section of tape, which is inside box. Using the
maximum point of the temperature rise-time curves and corresponding power
dissipation we obtain the relation between power dissipations and temperature rise.
The dependence of the temperature rise on power dissipation is shown in figure 4.
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Fig. 4 Calibration curve of Ag tape at 77 K for different currents at 500 Hz



Obviously, the temperature rise linearly depends on power dissipation as
expected. From this calibration curve, we can determine relation V = AeQ, with

Vand Q respectively, are voltage of differential thermocouple and power
dissipation on the tape.

Now we pass twenty second AC current pulse in the range from lpeac = 45A
on increments gradually through the HTS tape and measure temperature rise by
measuring the voltage of differential thermocouple. We also investigate at different
frequencies reading from 50 Hz to 500 Hz. The temperature rise (or the voltage of
differential thermocouple) of HTS tape when carrying AC currents at frequency 500
Hz was observed as in the figure 5.
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Fig.5 Temperature rise on HTS tape for different currents, 500 Hz at 77 K.

Using the temperature rise of HTS and the known relation between
temperature rise and power dissipation that we already found out from calibration
step, we can calculate the AC loss of the HTS tape, see figure 6. The AC losses of
the sample depend on the normalized current at frequency of 500 Hz and at
temperature in 77 K.




—+—100Hz —=—500Hz 400Hz

50Hz

1 —%—200Hz ——300Hz — ellipse
—m— loss 01
0.1 1 Norris (ellipse) _
£ oo
0.01 - °
0.001 . @ 0001 B
- (,v(sY(‘Yr' Bala 3
. . o el -
0.0001 o 0.0001
0.00001 . . . . )
0.3 0.4 0.5 0.6 0.7 0.8 0.00001

03 04 05 0.6

Normalized Curves (l/Ic)

Normalized Curve (I/Ic)

0.7

0.8

Fig.6 Ac loss of HTS tape at 77 K and
frequency of 500 Hz frequencies at 77 K

The calculated result using Norris model for elliptical cross-section tape is
also plotted in figure 6 to compare. Clearly, measured result is close to calculated
result. This observation can be explained that the main component in AC transport
loss at 500 Hz is self-field loss. This is also observed in other frequencies as in figure
7. Transport AC loss per cycle of the sample at different frequencies spreading from
50 Hz to 500 Hz are all closed to result calculated from Norris model.
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Fig. 7 AC loss for different currents and




