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M30r2A-02: Developing practical Cryogenic high
purity aluminum (HPAL) conductor to enable high
speed power density motors and generators.
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Cryogenic high purity aluminum (HPAL) conductor was originally developed and reported at the Air Force
Research Laboratories in the 1980s. The basic idea was to exploit the potential to fabricate very high purity
aluminum (5 or 6 ‘nines’Al), which could achieve exceedingly low resistivity values in the 20 K and below
temperature range. By using very high purity Al the resistivity ratios (RRR) of 2000 or more became possible
at 20 K. Since typical RRR is 100 for standard oxygen free, high conductivity (101) Cu, this leads to a resistiv-
ity potentially 20 X lower than cryogenic Cu, or > 2000 X times lower than ambient temperature Cu. HPAL
transports high current densities with minimal Joule heating. However, it's mechanical softness requires the
addition of a strengthening component. Efforts to strengthen the material utilizing an Al-Fe-Ce sheath were
successful, but this sheath had a moderately low resistivity that showed a significant anomalous magnetore-
sistance due to Hall effect around the sheath. Hyper Tech have successfully developed a multi-filamentary
HPAL conductor which employs matrices and sheaths with higher resistivity to suppress the anomalous mag-
netoresistance counterpart. Such conductors would be similar to commercially available Cu Litz cables but
with the advantage of low resistivity at low temperature of HPAL. We also made it into a cable, and wound
it to form coils. In this paper, we will present the progress of making long length HPAL conductor and its
applications on high frequency stator and generators in Hyper Tech.
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