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Background
Pulsed electromagnets produce the highest magnetic fields. The
100 Tesla pulsed magnet at Los Alamos National Laboratory, in
New Mexico, set the world record for strongest magnetic field by
a non-destructive magnet. The key there is non-destructive. The
wire used in a record-breaking pulse magnet must carry a
massive amount of current, containing roughly the energy of a
lightning bolt (1 billion volts), and be strong enough to survive the
incredible strains caused by producing a huge magnetic field (2
million times stronger than Earth’s magnetic field).
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Copper-Niobium is a prime candidate for raising the bar, being
both strong and a good conductor, but there has been difficulty in
winding it to smaller diameters (6 mm).The Maglab received two
shipments of Cu-Nb wire, one of which was successfully wound
to the needed diameter, but the other was not. Both wires were
prepared for observation in the Scanning Electron Microscope.
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Each wire image is a composite of six individual high resolution micrographs.

Results and Discussion
In our research, consideration was given to the analysis of the total
wire, however, because of time constraints we concentrated on the
differences between two wire samples. Analysis of the Cu-Nb
composition revealed a difference in the amount of Nb suggesting
that we may have a significant difference in the ability of the
samples to stretch.

Methods
Samples of the two wires were cut in lateral cross-section and
then mounted in a puck made of special plastic. The mounted
wire was then ground smooth and then polished with diamonds
of 9 and 3 microns. The final polish utilized a colloidal silica of
0.04 microns leaving the surface of the as smooth as the mirror
of the Hubble Space telescope.
The samples were analyzed in either a Helios G4UC or a Zeiss
1540ESB Field Emission Scanning Electron Microscope
producing high resolution images of the wire filaments and X-ray
maps of their elemental composition.
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The sample with the greater number of filaments has a large
differential in the sizes of the filaments indicating an increase in the
strain represented by smaller filaments. The residual strain from
the process of drawing the wire was calculated to be twenty four
percent in the wire probably due to “sausaging”.
When the winding of test samples was done manually around a
mandrel relatively quickly under high tension, the result was that
the wire could not be properly wound. However, the wire was
wound successfully by an unknown process suggesting it was
done slowly allowing the metal the necessary time to adjust and
relax under the tensional and compressional stresses.
This would indicate that further research could be conducted if the
sample wire was cut at the failure point. Would the break indicate
there is a Nb differential that has made the conditions for failure
possible?
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