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The AC loss time constant is a previously uninvestigated property
of Nb3Al, a superconductor which, with recent technological developments,
shows some advantages over the more commonly used superconducfors, NbTi
and Nb3Sn. Four Nb3Al samples with varying twist pitches and one NbTi
sample are inductively measured for their AC loss time constants. The
measured time constants are compared to the theoretical time constant
limits imposed by the limits of the transverse resistivity found by Carr
[5] and to the theoretical time constants found using the Bean Model as
well as to each other. The measured time constants of the Nb3Al samples
fall approximately halfway between the theoretical time constant limits,
and the measured time constants of the NbTi sample is close to the theo-
retical lewer time constant limit. The Bean Model adequately accounts
for the variance of the permeability of the Nb3Al superconductor in a
background magnetic field. Finally, the measured time constant values of
the Nb3Al samples vary approximately according te the square of their

twist pitch.
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1. Introduction

Superconductivity was first observed by Kammerlingh Onnes in 1911
while he was investigating the properties of various metals at a liquid-
helium temperatures. He found that below a certain critical temperature,
the electrical resistance of mercury wire suddenly decreased to zero.
Soon after this discovery, he also found that above a critical magnetic
field (in Onnes’ case, approximately 1/20 Tesla) [1], the superconducting
metal would return to its normal electrically resistive state, Although
Onnes discovered an amazing new phenomenon, he was also immediately
introduced to its severe limitations that hindered its practical use.
Luckily, researchers believed that superconductors could be developed to
overcome these limitations and enter the realm of practicality.

From Onnes’ discovery until the present, there has been much success
in the superconducting field. Many new superconducting materials have
been developed, and two of these materials, NbTi and Nb3Sn, have per-
formed very well in many ceoncrete applications. Some of these applica-
tions have been a) research magnets, b) high energy physics, c¢) magneti-
cally levitated trains, d) energy storage, and e) thermonuclear fusion
[1], which is now achievable through the development of superconducting
magnets that are capable of producing the high magnetic fields required
for fusion.

Although NbTi and Nb3Sn are the present workhorses of the supercon-
ducting industry, many promising superconducting materials are still being
investigated. One of these materials, Nb3Al, further elevates the limits
of superconductivity in terms of its critical magnetic field while re-
maining practical in its other superconducting properties. This paper
focuses on a previously uninvestigated property of Nb3Al, the time con-

stant of its AC coupling loss.

1.1 Work Objective

The work objective of this study is to investigate the AC coupling
loss time constants of four multifilamentary Nb3Al superconducting
samples and one multifilaﬁentary NbTi sample. TFirst, the experimental
set—up is arranged and the time constants are experimentally measured
for all the superconducting samples. Second, the results of the testing
are organized and recorded. Third, the results are discussed and com-

pared to the theoretical time constant values and to each other.
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Finally, suggestions are made for further areas of research of the

multifilamentary NbgAl superconductor.

1.2 Why Niobiumj Aluminum ?

Nb3Al holds two significant advantages over the more commonly used
materials, NbTi and Nb3Sn: first, it has a higher critical magnetic
field, and second, it maintains its high critical magnetic field when
stressed. Fig. 1 shows a comparison of the critical magnetic fields as
a function of temperature for Nb3Al, Nb3Snm, and NbTi. Nb3Al has a
critical magnetic field at zero kelvin which is approximately 50% higher
than the critical magnetic field of Nb3Sn and appreoximately 1407 higher
than the critical magnetic field of NbTi. Fig. 2 [2] shows a comparison
of the deterioration in the normalized critical magnetic fields of
various superconductors as the superconductor is strained. Nb3Al has
the least deterioration of all the superconductors shown, and furthermore,
at 0.47 strain, the normalized critical magnetic field of Nb3Al deterio-
rates only 207 as much as Nb3Sn.

Both of these advantages make Nb3Al an excellent candidate for use
as a superconducting material in a fusion power generator. 1In a fusion
power generator, equation 1 and 2 apply, where P is the power output, D

is the diameter of the superconducting magnet that confines the hot

P~ (D)2(B)% (1)
S v (D) (B) S {(2)

plasma, B is the magnetic field'produced, and S is the stress in the
magnet. According to equation 1, the power output can be increased by
increasing D, But by increasing D, the stress in the superconducting
magnet is alsc increased. The increased stress will, in turn, decrease
the critical magnetic field of the superconducting magnet as shown in
Fig., 2, and the decreased critical magnetic field will cause a decrease
in the power output, which acts to negate the gain received by increasing
fhe diameter of the superconducting magnet. In the case of NbjAl, the
critical magnetic field is initially higher than the two commonly used
superconductors, Nb3Sn and NbTi, which have already been applied in
fusion power research [3], and also, its critical magnetic field does not
deteriorate as rapidly as other superconducting materials as the strain

increases. Both of these properties make Nb3Al an ideal candidate for
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a superconducting material in a fusion power generator; although the
Nb3Al superconductor does have a disadvantage.

The reason Nb3Al has not been used in fusion power research is its
low critical current density as compared to NbgSn. With the development
of oxygen free Niobium and Aluminum within the past several years,
Nb3Al has begun to realize its potential for high critical eurrent
densities, and developments are still being made in this direction.

In particular, fabrication techniques are being developed in order to
create Nb3Al with none of its associated nonsuperconducting impurities,
NbpAl and NbAlj. For this reason, Nb3Al dces not yet exist as a com-—
mercial wire. Because of its low critical current densities, a Nb3Al
superconducting magnet presently weould require more volume to attain
the high magnetic fields required by a fusion power generator. This
adds to the size and the cost of fusion power production. But through
further research, the low critical current of NbjAl will be increased

in a few years to competitive values.

1.3 AC Loss

The AC loss in a multifilamentary superconductor is the electrical
energy loss caused by a changing external magnetic field. The change
in the magnetic field causes the superconductor to return to its normal
electrically resistive state which then combines with the current to
generate a power loss, This power loss adds to the inefficiency of
fusion power generation, where changing magnetic fields are required.
For this reason AC loss is critical in the design of a fusion power
generator.

There are three areas of AC loss in superconducting materials:
1) hysteresis loss, 2) eddy current loss, and 3) coupling loss.
Hysteresis loss is a property of the superconducting material and the
eddy current loss is a property of the stabilizing matrix. For a given
superconducting material and matrix, only the coupling loss can be
reduced. This can be accomplished by varying the geometry and twist
pitch of the superconducting filaments. Luckily, the losses which can
not be controlled, hysteresis and eddy currént, normally account for the
smaller percentage of the total AC losses. In a fusion power genmerator,
the coupling loss can exceed 90%Z of the total AC losses of the super-—

conductor.
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1.4 The Time Constant of the AC Coupling Loss in a Multifilamentary
Superconductor
The time constant of the AC coupling loss in the multifilamentary
superconductor is an important parameter for comparing the AC coupling
loss in different types of superconductors. The time constant of the
AC coupling loss is found by measuring the decay of the current generated
between the superconducting filaments when a nearly instant external
magnetic field change cccurs. These measurements, which have been
developed at The Japan Atomic Energy Research Institute (JAERI) [4], are
useful when developing a superconductor for a fusion power generator,
where the losses caused by the changing magnetic fields are critical to

the feasibility of fusion power.
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Fig. 1 NbgAl has a higher critical magnetic field than the two types
of superconducting materials, Nb3Sn and NbTi, which has been

commonly used in many superconducting applications.
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Fig. 2 The critical magnetic field of Nb3Al deteriorates

very little when stressed.
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2. Experiment

The focus of this study was to measure and investigate the magnetic
field dependence of the time constants of two types of multifilament
superconductor samples. These time constant experiments are described in
the following two sections. The first section describes the two types
of superconducting samples investigated, and the second section describes

the experimental technique used to measure the time constants.

2.1 Types of Superconducting Samples Under Investigation

Two types of superconducting samples were investigated in this study,
NbTi and Nb3Al. The cross-sections of these samples are shown in Fig. 3,
and the specifications of the samples are given in Table 1. Only one
sample of the NbTi type was investigated, but four differing samples of
the Nb3Al type were investigated, The NbjAl samples were manufactured
using the jelly roll method by Sumitomo Electric Industries, LTD, and
the distinctive parameter was the twist pitch, which was 10 mm, 15 mm,

30 mm, and 40 mm for each sample, respectively.

2.2 Time Constant Measurement Technique

An inductive method was used to measure the time constants of the
superconducting samples. In this method, three coils were strategically
placed so that their mutual induction could be used to first initiate a
current in the superconducting sample coil and then measure its decay.
This method is divided into three sections in order to provide an easy
explanation. The first section, physical arrangement of the coils,
explains the positioning and purpose of each of the three coils. The
second section, experimental procedure, explains in detail the operation
of each coil and the method of procuring a time constant measurement,
The third section, calculation of the time constant, explains how a time

constant was derived from the experimental measurement.

2.2,1 Physical Arrangement of the Coils

The following coil arrangement was used to inductively measure the
time constants of the superconducting samples. The supercenducting
sample coil was first wound onto a solid cylinder. A "pickup” coil was

then wound onto the outside of the sample coil in order to inductively
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measure any current change in the sample coil. This configuration of
sample coil and pickup coil was then placed inside a third coil, the
pulse coil, which was used to inductively generate a current in the
sample coil. This set of three coils was finally placed inside of a
permaﬁent dewar which contained a superconducting magnet used to gene-
rate a background magnetic field. See Fig. 4 for a picture of the
experimental probe and Fig, 5 for a schematic drawing of the coil

arrangement. Table 2 lists the specifications of each coil.

2.2,2 Experimental Procedure

The following experimental procedure was used to obtain each time
constant measurement. The pulse coil was supplied with a ramped pulse
of current that increased at a constant rate of 0,35 amps per milli-
second. After 200 milliseconds, the current supply to the pulse coil
was automatically disengaged, and the current in the pulse coil rapidly
decayed with the relatively small time constant of 50 uyS. This sharp
drop in current produced a sudden magnetic field change of approximately
0.2 Tesla across the sample coil. Through mutual inductance, the sudden
magnetic field change caused a voltage and current in the sample coil.
The induced sample coil current then decayed at its own rate. This
decay produced a second, slower magnetic field change which, through
mutual inductance, caused a voltage in the pickup ceoil that paralleled
the decay rate of the current in the sample coil. See Fig. 6 for an
illustration of the pulse coil current and pickup coil veltage during a
time constant measurement. After each time constant measurement, the.
background magnetic field was increased, and the above procedure was
repeated to measure the next time constant. See Fig, 7 for a schematic

of the experimental setup.

2.2.3 Calculation of the Time Constant

The time constant was derived from the experimental measurement in
the following manner. During the decay of the sample coil current, the
pickup coil voltage was recorded on an oscilliscope, and then photo-
graphed. Fig. 8 shows a typical photograph of an oscilliscope recording.
Data points from this photograph were then plotted on semilog paper and
a straight line was drawn. Fig., 9 shows the semilog plot of the oscil-

liscope photograph in Fig. 8. The time constant was drawn from the
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semilog plot by measuring on the x~axis the amount of time required for

the pickup coil voltage to reach 36.7 percent of its y-intercept value.

Table 1 Specification of the two types of
superconductors under investigation

NIOBIUM TITANIUM

Wire Diameter -- —_— - - 0.9 mm
Number of Filaments —————————————- 931
Filament Diameter -—-—————————————— 21 m
Copper Ratio ———————————————————u- 0.98
Twist Piteh --—————————————r 32 mm
Thickness of Insulation =——==———=—— 33 m

NIOBIUM3 ALUMINUM

Wire Diameter =—————=—————————————a- 1.16 mm

Number of Filaments =————————————— 91

Quter Diameter of Filaments -—-———— 70 m

Inner Diameter of Filaments w===--——-— 28 m

Copper Ratio ~———————r=—re———m—————— 2.6

Twist Pitches ——————————————————no 10, 15, 30, and

No Insulation 40 mm, and infinity

Table 2 Specifications of the coils used for the
time constant measurements

Pulse Sample Pickup

Coil Coil Coil
Length (mm) 100 50 10
Inside Diameter (mm) 30 20 22 %
Wire Diameter {(mm) 0.45 1.0 * 0.1
Number of Lavers 1 1 2
Number of Turns 214 47 * 170 *
Inductance (uH) 375 * 17 % 390 *
Wire Material Cu NbTi Cu

Nb3Al

% Approximate value
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NbTi Nb3Al

Fig. 3 The experimental probe used to measure the AC loss

time constants of Nb3jAl and NbTi.

Fig. 4 Cross—sectional photographs of the two types
of superconducting wire under investigation,
NbTi and Nb3Al.
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Fig. 7 An electrical schematic of the experimental setup

used for the time constant measurements.
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Fig. 9 The semilog plot used to procure a time constant from

the experimental measurement shown in Fig, 8.
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3. Results

The focus of this study was to measure and investigate the back-
ground magnetic field dependence of the time constants of two types of
multifilament superconducting materials, NbTi and NbjAl. Each super-
conducting sample was tested at least one time, and for the first test
of each sample the measurements began in a background magnetic field of
approximately 0.4 tesla. The measurements could not begin in a back-
ground magnetic field of zero tesla because of a residual magnetic field
retained by the magnet after the current of the background magnet was
returned to zero. One way to counteract this affect was to warm up the
magnet from 4.2 Kelvin, the measuring temperature, to approximately 20
Kelvin, at which point the background magnet would lose its residual
field. This was done before the second test of the 10 mm and 30 mm
twist pitch samples of Nb3Al in order to inspect in finer detail the
time constant dependency at low fields. Also, zero background magnetic
field measurements were conducted on the remaining samples in a different
dewar with no background magnet in order to avoid the residual magnetic
field affects. 1In all cases, the time constants were measured in
increasingly higher magnetic fields until the noise during the measure-
ment, which increased as the magnetic field was increased, became too
great to obtain a valid reading. The amount of noise also depended on
the amount of work going on in the laboratory and the twist pitch of the
sample, where a sample with a higher twist pitch tended to generate a
measurement with more noise than a sample with a lower twist pitch.

The results of this investigation are divided into two sectioms.
The first section presents the results of the time constant measurements
of the Nb3Al samples, in which four samples with differing twist pitches
were tested. The second section presents the results of the time constant

measurement of the NbTi sample, in which only one sample was tested.

3.1 The Time Constant Measurements of Niobiumjz Aluminum

The time constants of four samples of the Nb3Al type superconductor
were measured. These samples varied only in the twist pitches of their
supefconducting filaments, which were 10 mm, 15 mm, 30 mm, and 40 mm,
respectively. Three of these samples were tested twice and the 40 mm
twist pitch sample was tested once. The following four sections present

the results of these tests,
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3.1.1 The 10 mm Twist Pitch Sample

Figure 10 shows the results of the two tests conducted on the 10 mm
twist pitch Nb3Al sample, The first test measured the time constants
in background magnetic fields from 0.41 tesla to 6.0 tesla, and the
second test measured in finer detail the time constants in background
magnetic fields from zero tesla to 3.0 tesla,

The first test showed a steady decrease in the time constant wvalues,
as the background magnetic field was increased with a slight peak in
the data occuring at approximately one tesla. The time constant values
decreased from a maximum of 21.5 ms at 0.6 tesla to a minimum of 13.0 ms
at 6.0 tesla with a slight peak of 20.5 ms occuring between these values
at 1.0 tesla.

The second test showed an exponential decrease in the measured time
constant values, as the backgrcund magnetic field was increased, with
two peaks in the data occurring at approximately 0.3 and 1.0 tesla.

The time constant values decreased from 27.25 ms at zero tesla to 21.0 ms
at 0.09 tesla where the data then sharply rose to its first peak of

28.25 ms at 0.27 tesla. After the first peak, the data decreased sharply
to 4 minimum of 16.5 ms at 0.85 tesla. A second, more rounded peak
occurs with a maximum of 18.0 ms at 0.95 tesla, and after the second

peak, the data decreased to 12.5 ms at 3.0 tesla.

3.1.2 The 15 um Twist Pitch Sample

Figure 11 shows the results of the two tests conducted on the 15 mm
twist pitch Nb3Al sample. The first test measured the time constants in
background magnetic fields from 0.42 tesla to 8.0 tesla, and the second
test measured the time constants from zero tesla to 7.0 tesla.

The first and second test both showed a steady decrease in the time
constants as the background magnetic field was increased. In the first
test, the time constant values decreased from a maximum of 37.0 ms at
0.42 tesla to a minimum of 11.75 ms at 8.0 tesla. 1In the second test,
the time constant values decreased from 42,0 ms at zero tesla to a minimum

of 17.75 ms at 7.0 tesla.

— 14_
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3.1.3 The 30 mm Twist Pitch Sample

Figure 12 shows the results of the two tests conducted on the 30 mm
twist pitch NbqAl sample. The first test measured the time constants
in background magnetic fields from 0.44 tesla to 7.5 tesla, and the
second test measured in finer detail the time constants in background
magnetic fields from zero tesla to 5.0 tesla.

The first test showed a decrease in the time constant values, as
the background magnetic field was increased, with a peak in the data
occuring at 3.0 tesla. The time constant values decreased from a maximum
of 103 ms at 0.44 tesla to a mininum of 86 ms at 1.6 tesla where the
data then rose to a peak of 99 ms at 3.0 tesla. After the peak, the
data decreased to a minimum of 64 ms at 6.5 tesla,

The second test showed a decrease in the time constant values, as
the background magnetic field was increased, with two peaks in the data
occuring at 0.1 tesla and 2.0 tesla, The time constant values began from
144 ms at zero tesla and immediately rose to its first peak of 189 ms at
0.1 tesla. After the first peak, the data decreased sharply to a
minimum of 105 ms at 0.5 tesla, and then increased slowly with some fluc-
tuation to a peak of 108 ms at 2.0 tesla. After the second peak, the

data decreased to a minimum of 74 ms at 5.0 tesla,

3.1.4 The 40 mm Twist Pitch Sample

Figure 13 shows the results of the test conducted on the 40 mm

twist pitch Nb3Al sample. This test measured the time constants in back-
ground magnetic fields from zero tesla to 8.0 tesla, and showed a de-
crease in the data, as the background magnetic field was increased, with
a peak in the data occuring at 2.5 tesla. The time constant values de-
creased from a maximum of 260 ms at zero tesla to a minimum of 172.5 ms
at 0.6 tesla where the data then rose with some fluctuation to a peak of
195.0 ms at 2.5 tesla. After the peak, the data decreased to a minimum

of 120.0 ms at 7.5 tesla.



JAERI-M 88-040

3.2 The Time Constant Measurements of Niobium Titanium

Figure 14 shows the results of the test conducted on the NbTi
sample, The test measured the time constants in backgfound magnetic
fields from zero tesla to 10.0 tesla. The measured time constant
values showed a peak at low background magnetic fields with a maximum
time comstant of 42.5 ms occuring at both 0.8 and 1.4 tesla. The time
constant values began from 25.0 ms at zero tesla, and rose with some
fluctuation to the peak mentioned above., After the peak, the time
constant values decreased smoothly to 20.5 ms at 8.5 tesla, and then

dropped suddenly to a minimum of 8.0 ms at 9.5 tesla.
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Fig. 10 The test results of the time constant measurements conducted on

the Nb3Al superconducting sample coil with a twist pitch of 10 mm.
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4, Discussion

The following two sections discuss the results of the AC loss time
constant measurements. The first section outlines the equations used
to obtain the theoretical time constant values, and the second section
compares the results of the AC loss time constant measurements with the

theoretical wvalues.

4.1 Calculation of the Time Constant of the AC Coupling Loss

The calculation of the time constant of the AC coupling loss in

multifilamentary superconductors is given by equation 3 [1],
T = (HeeL?) /(80 ™2) (3)
Hef Pet _

where L is the twist pitch of the superconducting filaments, W.¢ is the
effective permeability of the superconducting filaments, and papr is the
effective transverse resistivity of the superconductor. The parameters
Hef and p,y depend on the background magnetic field surrounding the
superconductor as well as some gecmetric parameters of the superconductor
itself. The following two sections present the calculations used to

find lef and Qe as a function of the background magnetic field and

geometric parameters of the superconductor.

4,1.1 The Effective Transverse Resistivity

The effective transverse resistivity of a multifilamentary super-—
conductor was found by Carr [5] to fall between the two limits given by
equations 4 and 5, where py is the transverse resistivity of a unit
filament, A is the volume fraction of the superconducting filaments, and

Pp is the copper matrix resistivity. Equation 4 is the theoretical

Pt = pml1=1)/(141) )

Pr = Op(1+A)/(1-2) (5)
lower of the transverse resistivity when no contact resistance exists
between the superconducting f£ilaments and the copper matrix. Egquation
5 is the theoretical upper limit of the transverse resistivity when a

high contact resistance exists between the superconducting filaments

and the copper matrix. The volume fraction of the superconducting
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filaments, A, is calculated by equation 6, where ry is the outer radius
of the superconducting strand, r{ is the radius of the bundle of
superconducting filaments in the strand, and R is the ratio of the
amount of copper matrix material to the amount of superconducting

material in the superconductor sample. The matrix resistivity, pg,
A= (rg/ry)?/ (14R) (6)

is a measured parameter and Fig. 15 and 16 show the measured matrix
resistivity of the Nb3Al samples and the NbTi sample, respectively.
The matrix resistivity of the Nb3Al samples varies as a function of
the background magnetic field according to equation 7 for background
magnetic fields between zero and two tesla and according to equation

8 for background magnetic fields between two and eight tesla.

0.8 + 0.6B 0T <B <2T (7

Pm

Pm = 1.07 + 0.465B 2T <B £8T (8)

The matrix resistivity of the NbTi sample varies as a function of the

background magnetic field according to equation 9 for magnetic fields
Pmp = 1.86 + 0.47B 0T<B<I11T (9)

between zero and eleven tesla. Finally, the limits of the effective

matrix resistivity are calculated by equation 10 [1], where p; is given
by equation 5 for the lower time constant limit and equation 4 for the
upper time constant limit, and Pm 1s given by equations 7 and 8 for the

Nb3Al samples and equation 9 for the NbTi sample.

1.
pt ripm e

(fo-Ti) (Fo-Ti) (i) (31)2

3 (10)

1
pet‘ m

4,1.2 The Effective Permeability

The effective permeability of the superconducting filaments, Hefs
is calculated by equation 11, where Uy = 47 x 1077 second-ohm/meter, A

is the volume fraction of the superconducting filaments as given by

Uef = Mo (1=0A) / (1+a}) (11)



JAERI-M 88-040

equation 6, and m is a parameter that depends on the fractiom, n, of the
superconducting filament penetrated by the background magnetic field.

o 1s calculated by equation 12 and n is calculated by equations 13 and
14, which are derived frem the Bean Model feor a superconducting slab [6]

Equation 13 is used for background magnetic fields less than 3% and

a = (1-n)/(1+) (12)
% %

n = 0.5B/B 0<B<B (13)

n = 1—0.5(B*/B) B*<B (14)

. » . - *
equation 14 is used for background magnetic fields greater than B .
%
B is the background magnetic field that penetrates exactly to the
center of the superconducting filament and is calculated by equation

15, where J. is the critical current demsity of the superconductor in

*

B =17 (15)

CUOrO

a zero background magnetic field and is found from the measured critical
currents of the superconductors. Figs. 17 and 18 show the measured
critical current densities of the NbjAl and NbTi samples, respectively.
The critical current demsities of the NbjAl and NbTi samples in zero
background magnetic field are 3.4 x 109 amp—meter'2 and 5.6 x 109

2

amp-meter” <, respectively.

4.2 Theoretical and Measured Time Constant Value Comparison

Figures 19 through 23 show a comparison between the measured time
constant values and the theoretical limits of these values. Line (a)
of the theoretical limits is the value of the time constants when the
effective transverse resistivity, pgy, of the copper matrix varies with
the background magnetic field and the effective permeability, ug gy of the
superconducting filaments is considered to remain constant at 4 x 1077
second-ohm/meter. Line (b) of the theoretical limits is the value of
the time constants when both Dot and Waf vary with the background magnetic
field. 1In every superconducting sample, the measured time constant
values fell within the theoretical limits,

In the case that Ugs is considered to remain constant (line(a)), the
theoretical time constant limits show a smooth decrease in value as the

background magnetic field increases. In every superconducting sample
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tested, the measured time constant values also decrease as the background
magnetic field increases. Although a small amount of fluctuation is
present in the decrease of the measured time constant values, this can

be attributed to the experimental accuracy of the measurement. Also, for
the NB3A1 samples, the time constant values are not discernably closer to
the theoretical maximum or minimum time constant limits. This indicates
that the NbjAl samples do not approach the limit of a zero contact
resistance between the superconducting filaments and the copper matrix
nor do they approach the limit of a2 high contact resistance between the
superconducting filaments and the copper matrix. For the NbTi sample,
the time constant values are noticeably closer to the minimum time constant
limit, which indicates that the NbTi sample approaches the limit of a
high contact resistance between the superconducting filaments and the
copper matrix.

In the case that L f is considered to vary with the background
magnetic field according to the Bean Model assumption (line(b)), the
theoretical limits show a sharp peak at a low background magnetic field.
The theoretical peak occurs at 0.277 tesla for the Nb3Al samples and at
0.32 tesla for the NbTi sample. This peak also occurs in the measured
time constant values of the 10 mm and 30 mm twist pitch Nb3Al samples at
approximately 0.2 tesla, which indicates that the Bean Model fer a super-
conducting slab is a good approximation of the dependence of u,f on the
background magnetic field. Although, further testing should be dome at
background magnetic fields in the area of the peak in order to more pre-
cisely verify the Bean Model assumption. The NbTi and the 15mm and 40 mm
twist pitch Nb3Al samples do not reveal a sharp peak in their measured
time constant values at a low background magnetic field. Fer these
samples, no time constant measurements were taken between zero and 0.4
tesla, where the peak is expected to occur. Therefore, a peak which
might exist for these samples, could not have been detected.

Figure 24 shows a comparison of the measured time constant values of
the four Nb3Al samples which reveals another correlation between the
measured time constant values and the theoretical predictions. The
general equation used to calculate the theoretical time constant values,
equation 3, predicts that the time constants are proportional tc the
square of the twist pitch of the superconducting filaments. Fig. 19
reveals a good agreement with this prediction where the time constant
values increase for each NbjAl sample approximately according to the

square of the twist pitch.
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5. Conclusions and Recommendations

The conclusions resulting from this investigation are as follows:

The contact resistance between the superconducting filaments and
the copper matrix in the multifilamentary Nb3Al superconductor does not
approach the theoretical limit of zero resistance or the theoretical
limit of a very high resistance, but remains approximately halfway bet-
ween the two limits,

The contact resistance between the superconducting filaments and
the copper matrix in the multifilamentary NbTi superconductor is close
to the theoretical limit of a very high resistance.

The variance of the permeability of the Nb3Al superconducting
filaments in a background magnetic field is adequately accounted for by
the Bean Model for a superconducting slab.

The AC loss time constants of the multifilamentary Nb3Al supercon-
ductors vary approximately proportional to the square of the twist pitch
of their superconducting filaments.

The recommendation resulting from this investigation is as follows:

A recommended area of future investigation is to study the variance
of the AC loss time constants at low background magnetic fields in the

area of the peak predicted by the Bean Model for a superconducting slab,
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