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Results of AC Loss Tests 
on Twisted and Untwisted HTSC Tape 

Exposed to an External Field 
Tri Hardono, Christopher D. Cook, and Frank Darmann 

Abstract-This paper presents the results of magnetic loss 
tests on twisted and untwisted 37 multifilaments tapes exposed 
to an alternating field at power frequencies. The losses are 
measured using calorimetric methods, which are capable of 
measuring losses in short tapes with the accuracy of several 
microwatts per centimeter of tape. The losses of the tape due to 
the longitudinal field of the untwisted tape agree well with 
theoretical calculations. The measurement results on the twisted 
filament tape, with 50-mm twist pitch, show that the losses are 
slightly lower than that in the untwisted tape. This is due to the 
reduction of the coupling losses between the filaments in the 
tape. It is also shown that in the presence of normal fields, the 
losses are about one order higher than for longitudinal fields 
because of the anisotropic properties of the superconducting 
parts and because of the existence of eddy current loss in the 
silver sheath. 

Index Terms-Magnetic losses, calorimetry, high temperature 
superconductors, power engineering. 

1. INTRODUCTION 

i-2223lAg wires technology promises significant B benefits for power engineering applications in the near 
future. Much of the effort for the improvement of 
superconductors has been provided by the introduction of 
multifilamentary wire, which improve their electrical and 
mechanical properties. The effect of magnetic fields on the 
properties of HTSC has been widely investigated both in 
relation to the field strength and the orientation of the field to 
the sample [ 1,3-41. 
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The Bi-2223lAg wires can now be fabricated by a powder- 
in-tube technique up to lengths of 1.25 kilometre. This 
technique leads to a better grain alignment o f  the HTSC 
material in the wires and critical transport current densities Jc 
of 23.3kA/cm2 have been achieved [ 5 ] .  This allows new 
applications such as current limiters, electrical cables and 
transformers to be built. It is important for prospective 
applications that the AC loss behaviour of HTSC in 
alternating magnetic fields or currents and their loss 
mechanisms are well understood. This allows the 
development of measures for reducing these losses by 
suitable conductor design. For example, twisting the 
filaments of the wire will result in the reduction of AC losses 
of the wire [6] .  Also introducing an alloy wire sheath will 
enhance the performance of the wire [5,7]. 

This paper will describe methods of measuring losses of 
short HTSC samples subjected to an alternating field using 
calorimetric methods. In this work the losses of 37- 
multifilamentary twisted and untwisted samples exposed to a 
50 Hz field are measured and analyzed. The behavior of the 
losses of the samples corresponds to theoretical 
approx i in ations. 

11. TEST-RIG DESIGN AND CALlBRATlON 
This section describes the instrumentation test rig design 

for AC loss measurements of HTSC samples using 
calorimetric methods. Calibration works that are needed 
before the experimental work will also be described. There 
are two kinds of calibration curves in  this work, a calibration 
curve for the solenoid-generating magnetic field, and a 
calibration curve for the calorimeter system. 

A. Test-Rig Design 
For the measurement of AC losses of HTSC wires, the test 

rig instrumentation consists mainly o f  the calorimeter and 
other instrumentation such as current sources, digital 
multimeters and solenoid generated alternating fields. Most 
of the instrumentation is connected to a PC containing a data 
collecting system. The block diagram is depicted in Fig. I .  
Detailed test instrumentation can be found elsewhere [4]. 

B. Calibration of the Solenoid Generating Magnetic Field 
The purpose of this calibrating work is to determine the 

solenoid constant that is used to calculate the magnitude of 
the magnetic field as functions of the AC current flowing in 
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Fig. 2. Calibration curve of the solenoid generating ac magnetic field. by switching on the AC current source to the solenoid for 
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it. The calibration curve is presented in Fig. 2. It can be seen 
that the constant is 5.7423, which indicates that 1 A of AC 
current generates about 5.7 mT. 

I 

C. Performance of the Calorimeter 
During the immersion of the calorimeter in liquid nitrogen, 

the temperature of the calorimeter exponentially reduces to 
77.4 K. Fig. 3 shows the performance of the calorimeter from 
room temperature to liquid nitrogen temperature. It can be 
seen that the temperature is constant after 800 seconds or 
about 14 minutes. 

After the temperature becomes stable some measurements 
can be done. Fig. 4 depicts the performance of the 
calorimeter for a temperature increase of 125 mK due to the 
power dissipation of the heater. The heater was turned on and 
off four times. We see that the temperature follows the 
dissipated energy from the heater. After four cycles the final 
temperature is back to the original temperature, which 
indicates that the calorimeter has high repeatability. 

Fig. 5 shows that the calorimeter has a very quick response 
to the heat dissipated by the heater or sample. The time 
constant of the calorimeter is about 4.3 seconds, which means 
that measurements can be made quickly. 

The purpose of the calorimeter calibration is to determine 
the thermal resistance of the calorimeter system. This work is 
done prior to each run of AC loss measurements of a sample. 

c 
I 
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Fig. 3, Performance for the calorimeter during the immersion in liquid 
nitrogen. 

Fig. 4. Calorimeter performance during 4 cycles on off of the heater. 

Fig. 1. Block diagram for AC loss measurements. 
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Fig. 5 .  Calorimeter performances for a temperature increase. 

The power loss of the heater is equal to 

Q = I . ~  R~ (1) 
where Q is the loss, I is the current and Rh is the heater 
resistance. A typical calibration curve is given in Fig. 6. 

Passing an AC current through a solenoid coil generates an 
alternating field. The AC loss measurement was conducted 

0 1 2  3 4 5 6 7 8 9 10 
RMS current [A] 
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period Tm and recording the temperature rise AT. This is 
repeated for different magnitudes of applied field. In this 
work the field is assumed to be homogeneously distributed 
within the sample length as confirmed in Fig. 7 and Fig. 8 
generated using finite element method. 

Table 1 provides an overview of the sample configurations 

3 

s 3 

for these measurements. d 
3 

TABLE 1 
SAMPLE CONFIGURATIONS 

0 'e 
E 
9 

I 
-40 Sample Number Thickness Width Twist pitch I,  

of (mm) (mm) lengtli(mm) (A) 

U 025 

I U02 I 
-30 -20 -10 n I O  20 30 

Distance from the origin (inin) 

filaments 
00 24 Fig. 8. Magnetic field distribution along the sample. The distribution varies MF-37 37 0.26 3.62 

MF-37T 37 0.26 3.62 50 25 only within 3% and so can be assumed to be approximately uniform. 

The total loss, Pt, of the superconducting sample is 
calculated using: 

(2) 
AT 

Rth 
Pt =-, 

where AT is the temperature increase and Rth is the thermal 
resistance of the calorimeter. 

0 1  I in  100 
P o w e r l o s s  ( m W )  

Fig. 6 .  Calibration curve of thc calorimeter. The thermal resistance of the 
calorimeter was determined using this curve. 

Fig. 7. Field map gencratcd in the solenoid 

111. RESUI,T AND DISCUSSION 

The theoretical calculation and initial results obtained from 
the calorimetric measurement of the losses of the sample 
subjected to a longitudinal and normal alternating field will 
be presented in this section. 

A. Theoretical Approxiniaf ion 
If the sample were pure silver, the eddy current loss can be 

calculated using [2] 

where f is the AC frequency (50 Hz), Bm is the peak value of 
applied field, a and d are the half width and thickness of the 
wires respectively and p is the resistivity of the silver at 77K. 
In fact the eddy current losses are also generated in the 
heater, which i s  made of silver strip with the same dimension 
as the sample. Therefore the total eddy current loss is double 
that given by (3). 

The hysteresis losses of the sample are approximated using 
the following equations: 

for B,,, 2 B,, 

where Bp is the full penetration of longitudinal field and is 
equal to ,@,a, J, is the critical current density of the 
sample, and a is a factor of 2/3 as discussed by lshii et al. by 
assuming that the cross-section of the superconducting cores 
is an ellipse and that the magnetic flux applies longitudinally 
to the longer axis of the core. 
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B. Measurement Results 
Fig. 9 shows the results of the AC loss measurement for 

the 37-multifilamentary samples exposed to a longitudinal 
and normal altemating field. The filled circles and squares 
indicate the loss results of twisted sample while the empty 
circles and squares are for untwisted sample. The thin dashed 
line indicates the eddy current component of the silver parts 
calculated using (3) and the thick solid line represents the 
approximation of the hysteresis loss using (4) and (5). 

At 50 Hz frequency it is evident that the hysteresis loss is 
significant because its value is nearly two orders higher than 
the eddy current component. For the region below 30 mT the 
value of the hysteresis loss is lower than the estimation and it 
is higher beyond that point. The existing coupling loss 
between the filaments that is significant at relatively high 
magnetic field can cause this. The losses of the tape due to 
the longitudinal field of the untwisted tape agree well with 
theoretical calculations. The measurement results on the 
twisted filament tape, with 50-mm twist pitch, show that the 
losses are slightly lower than that in the untwisted tape. This 
is due to the reduction of the coupling losses between the 
filaments in the tape. 

When the sample is subjected to a normal field the loss 
becomes more than one order higher for the same magnitude 
of the field as can be seen in that figure. This is due to the 
anisotropic behavior of the grains in the sample. The field 
applied normal to the grain causes local current and hence the 
total losses become high. 

IV. CONCLUSIONS 

A calorimeter has been used to measure the total losses of 
HTSC samples with the accuracy of microwatts per 
centimeter. In this work the AC losses of the twisted and 
untwisted HTSC tapes exposed to an altemating field 
longitudinal and normal to the length of sample have been 
investigated. The total losses consist of the hysteresis part of 
the superconducting cores and the eddy current of the silver 
sheath. 

The hysteresis part of the sample is obtained by taking 
away the eddy loss from the total loss. It is shown that the 
test results of untwisted sample correspond to the theoretical 
estimation. However, the coupling between the filament in 
the multifilamentary wires contributes additional losses at 
relatively high external field. 

The test results on the 50-mm pitch twisted filament tape 
show that the losses are slightly lower than that in the 
untwisted tape. This is due to the reduction of the coupling 
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Fig. 9. Normal and longitudinal magnetic loss in twisted and untwisted 37- 
multifilamentary HTSC tapes. 

When measuring the losses of the samples that are exposed 
normally to the field, the losses become about one order 
higher both for twisted and untwisted samples. This i s  due to 
the anisotropic properties of the grains in the 
superconducting part. 
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