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RESISTANCE IN SMALL, TWISTED, MULTI-CORE SUPERCONDUCTING WIRES *

ABSTRACT

Ferd Voelker

:Wé have beén testing twisted, mﬁlti—core; superconducting wires
with a‘ndﬁinal 008" diameter, and we find that there is no clear cut
value fo: ¢ritical current. Instead, the resistaﬁce of a given wire
increésés5COntinuously as the current-density or field is:ihéreased,
until alrahge iS'reAched_whereAthe wire becomes unstable and resistivity.
increases. with ﬁime. If the éurrent or field is not reduced quickly
the wireﬁwill go normal.

FOurzsamples of wire are reported on. One was a single core
whoée:éharacteristics were compared with the multi-core wirés. One -
samplevwaSQmechénically defective and had approximately 25% broken

strands in a one-inch length.
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- RESISTANCE IN SMALL, TWISTED, MULTI-CORE SUPERCONDUCTING WIRES
" Ferd Voelker

The loSses in pulsedvsupérconduéting magnets are proportionai'to
the diémetef of the éuperconducting filaments and to the quantity of
superconduétor in the megnet. Refrigeration to také care of the losses
is expensiﬁe, and to be economically feasible,.ﬁﬁlsed magnets must make
full u;g‘Of the available current density. We have been measuring
critical current vs field for small diametef, twisted; multi-core
superconducting wvires as samples have become avéilable to us.

We recently have been testing wires with a nominal .008" diameter,
and we find that there is no clear cut value for the critical current.
Instead the resistivity of a given wire increasés-continuously as the
current density or field is increased until a rahge is reached whefe
the wire 5ecomes unstable and the resistivity increaSes with time. If
the current or field is not reduced quiékly, thé wire will then go
normal.

This report describes the properties of the following four wires:

(1) Supercbnl, {0083" dia, 1.1CU/SC, ~40O cores, 5h" sample

(2) Cryoﬁagneticsz, .0086"'dia, 2 Cu/sC, 355 cores, 54" sample.

(3)° Cryomagpetiés, .0091" aia, 1.25 CU/SC, 211 cores, 54" sample.

(4) Thomson-Houston®, .003" dia, 1.25 CU/SC, 1 core, 12" sample.

Number (3) was known to be a mechanically defective wire. The
copper was carefully etched away with dilute nitric acid,iahd the
filamentsiwere studied with a low power microscope. The defecfiVe

material had between 15 and 50 broken strands in a one inch samplé, and
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the surfacé:ofrthe filaments was rough end looked corroded. The
other ﬁulti-core wires had ohly 2 or 3 broken Strgnds in a one inch
sample,_and.the surface of fhe‘filaments was smo@th and bright.
Matérial-(ﬂ) was tested so that ﬁe would havé a éomparison between the
charaétefistics‘of a single'céré wife with a filameht’éize nearly the
samé as the filament size in the multi-core wires. Some larger diameter
wires'hayefbeen tested and exhibit the same kind of pehnomena, bﬁt the
larger'wireé are harder to measure, and haven't been studied as
extensivély.

The apparafus is shown in Fig..l. The magnet is a h”ndiametef.
2-1/2" long solenoid wound of .065" twisted Crybmagnetics wire. The
magnet wili develop U5 kG atv738 A and:can bé_pulsed aﬁ about 35 kG/sec'
‘ﬁithout, p6wér supply. The usual sample consists of one-inch of bifilar
winding on a 3/4" diameter rod which can be inserted into the center of
the soienoid. Large wires such as the .0L5" # .091" sample shown in thé
phbtogfaph, are wound on & 1-1/2" diameter form. In all cases, the
middle of the sample is returned on itself ovgr'a rélatively lérge radius
of curvature t6 avoid stress in the materiél;’_Voifagé taps are made as
close aékpéssible to the end of the winding and:a;e brougnt to the top of
the Dewar with twisted-pair.

| The voltage across the sample is measured with a chopper~amplifier
‘Which giyeé a_ﬁaximum sensitivity'df 1 microvolt pér division on our
multi-channel recorder. Current in the magnet and in the sample are
monitdrédvby series shunts, and a field signal is obtained from a bis-
muth prébe which is mounted on the sample.holder. All these signals
are recorded continuously. The resistivity of a given material can bve
obtained from the croSs-sectionél area of the superconductor, the lengﬁh

of the sample, the voltage across the sample, and the current. We have
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an inteéfator whiéh will.allowvus to measure volﬁage as low as .0l
mlcrovolt across the sample, but because of thermal emf's Wwe cannot
use this method without bringing special contlnuous leads out of the
Dewar to_@he input of the integrator. This techqique should enable us
to measuie_reéistivity down to 2 x 1076 ohm-cm on the small wires,

| A:famiiy Qf‘resistivity 6urvés is shown for two similar wires.
The vifé'in Fig. 2 was known to have as ﬁany as 25% broken filaments,
while that.in Fig. 3 had very few brokeh'filaménts. The ratio log p/iog J o '
variés'éléﬁly’dver a wide range of fiéld and current for a given
material, but is quite different for the two wires.

Partial families of resistivity for three 'good' wirés—are shown
in Fig.bh; The resistivity of the single core wire (k) varies approx-
1mately as. the 100th power of the current den51ty. This is what one
expectsTfrom a superconducting wire, and since the curreht dehsity only
Varies.by'é.s% for resiétivity change of 10" times, it is feasible to
defihe-é'critical current density for this wire. With the nulticore
wires thgre is no definitevvalue of current density that can be

considered critical except perhaps the value where the wire becomes

unstable. This value is probably related to ventilation of the vire,

and so would be different in a magnet than in a short samplé. Also 1t
may be noted that in hlgh fields some of the wires are still stable at.
p =10"10 ohm—cm, and perhaps higher. Thisvis only two order of magnitudes
better than copper at liquid helium temperaturé,.and might result in
uﬁdesiréble resistive heatrgeneration'in theihigh fieid.regions of a
magnet. |

If the resistivity of the 'good' multicore wire were caused by

currenfvflowing in the copper between occesional broken strands, then



eé current'density is‘ihcreésed'more current might be forced to flow in f
the copper.: Any continucus filaments would carry 511 the current at low
current deneltles, gradually filaments with the fewest breaks would
begin to carry current as the total vire current is increased. Even-
tually, all the filaments would be carrying current. ThlS may explain
in a qualltatlve way the dependence of re51st1v1ty on current density.
The re51st1v1ty may -also be related to twlst metallurglcal treatment
or copper to superconductor bond,:or some other property. We do not yet
have encﬁgh.data7to know whether ihere'iS-something more subtle gcing on
fha.n Just current flowing in coéper. It is well krown that super-'
conductcrsjcérry less current in high mégnetic fields; so tﬁere is no
mystery ebcﬁt the field dependence of resistivityQI |

Regerdless of why small, twisted, mdlti-ccre,wire behaves in this
vay,cfeimuetistill'deéign megnets from the bulk cﬁaracteristics of |
presentiy’available wire; and ve need some other criteria than critical
current. - Perhaps we should define e 'design-ﬁékimu@' chrrent density
determined at en arbitrery resistivity (such as p = 10-12 ohm—cm),
For the ?écod' multi-core wires the ‘design-meximﬁﬁ' current-density is.
only 60%‘cf the current;density at which the wire'goes normai. It will

be interesting to see whether in the future, improved manufacturing

techniques will eliminate these differences between single core and multi-

core wires. We plan to continue.to test a variety of sizes and materials
from,different ﬁanufacturers to help us better our understénding of this
phenomena.

~ Much ‘of the tedious work of teking this data was done by Robert

C. Acker.

.
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Figure Captiounc

Short Sample Apparatus
Resistivity for a Bad Multi-core Wire
Resistivity for a Good Multi-core Wire

Résjstiviﬁy for Three Wire Samplés.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting"on
behalf of the Commission:

A. Makes any warranty or representauon expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or '

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or

- process disclosed in this report. '

As used in the above, 'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any-information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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