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The world’s largest class superconducting coil is used
in the “Large Helical Device” in NIFS. Its electrical
insulation system is exposed to considerably severe
multiple stresses including cryogenic temperature, large
mechanical stresses and strong magnetic fields. It is
therefore very important to study its electrical insulation
performance under these severe conditions in order to
establish the reliability of the coil. If a superconductor
quenches from superconducting state to normal state, the
liquid coolant vaporizes very easily and turns into high-
density gas at cryogenic temperature. In these bubbles,
partial discharge (PD) easily occurs and would lead to the
breakdown. So it is required to clarify the influence of the
PD on the electrical insulation performances.

Figure 1 shows the electrode configuration and the
experimental

setup. The polymer employed was a

polyimide film of about 0.125 mm in thickness. A copper
tape, the edge of which was cut to an equilateral triangle
shape, was installed on one side of the film. The groove of
about 0.025 mm in deepness was also installed using a
cutter along the extension line from a top of the equilateral
triangle. On other side of the film, a back electrode was
formed by a copper tape. The electrode system can restrict
occurrence position of the PD into the groove by the
configuration of the groove and the back electrode.
Experiments were carried out with the electrode system in
liquid nitrogen (LN,) at 77 K and that in gaseous nitrogen
(GN,) at cryogenic temperatures. The 1000 waveforms of
the PD current were measured by a digital oscilloscope
under application of AC voltage of 5.7-7.1 kV,y,, with
frequency of 50 Hz. In order to obtain the waveform
feature of PD current, the background noise was filtered
out with using digital low-pass filter with a cutoff
frequency at -50 dB of the power spectrum.

Figure 2 shows the PD current in LN, as typical
waveforms. In comparison of PD current waveforms under
each voltage applied, both of short pulse-width and long
one were observed. By processing the PD current
waveforms, half width of the PD current, which was the
pulse duration at the 50 % of the current peak, was
obtained.
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Figure 3 shows the cumulative distribution of the half-
width of PD current in LN, and GN,. The occurrence
probability of PD with long half-width more than 3ns of its
current in LN, was almost 0 %. On the other hand, the
occurrence probability of PD with long half-width more
than 3ns of its current in GN, was 75 %. Thus, the
difference of half-width of PD current between LN, and
GN;, exists clearly. We have already confirmed that PD in
gas bubbles of N,, which are caused by a regional
concentration of PD energy in LN,, occurs more frequently
by application of higher voltage. Above result revealed that
the investigation of half-width of PD current made it
possible to distinguish the PD phenomena in gaseous N,
bubbles from that in LN,.
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Fig.1 Electrode configuration and experimental setup.
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Fig.2 Typical waveforms of PD current in LN,.

LN, (Vys = 5.7 kV)
LN, (Vis = 7.1 kV)

GN, (Ve = 5.7 kV) -
GN, (V,e = 7.1 kV)

Fig.3 Cumulative distribution of half width of PD current.
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