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Electrical Breakdown and Flashover Characteristics of Gaseous Helium
at Cryogenic Temperature
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Abstract: Fixtures such as bushings in
terminations of high temperature
superconducting(HTS) power cable systems
are subjected to high voltages, which have to
transition from ambient to cryogenic
temperatures. As such it is imperative to
ensure the integrity of the dielectrics under
all operating conditions, including thermal
aspects brought about by the passage of
current. Gaseous helium(GHe) at high
pressure is regarded as a potential coolant for
superconducting cables. The dielectric aspects
of cryogenic helium gas are both complex and
demanding. In this experimental study we
looked at the interface between a smooth
epoxy surface and high pressure helium gas in
a homogeneous electric field. The alternating
current(AC) flashover voltages of epoxy
samples are presented. The results have been
analyzed by using Weibull statistics. In
addition to the behavior of the epoxy in
gaseous helium as a function of pressure and
temperature we also present data of the
characteristics of the epoxy in mineral oil and
in liquid nitrogen(LN2). The breakdown
characteristics of a uniform field gap in
gaseous helium as a function of pressure and
temperature under AC, direct current(DC)
and lightning impulse voltages are also given.
Electric field calculations have been made for
one of the experimental geometries in an
attempt to explain some of the anomalies in
the experimental results.

Key Words: cryogenics, dielectrics, flashover,
breakdown, gaseous helium
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Cylindrical
Stycast

*Thickness
t,=3mm
t,=5mm

=Diameters
d,=9.5mmd
d,=12.7mm®
d;=19mmd

(a) Electrode system (b) Electrode and sample

Fig. 1. Electrode system for flashover test on
epoxy surface in LNz and mineral oil.
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Fig. 2. Carousel type electrode system made
of GFRP for breakdown and flashover test.

Fig. 3. Pressure vessel in an open cryostat of
LNo.
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Fig. 4. Electrical breakdown strength of GHe
as a function of pressure and temperature.
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Fig. 5. AC flashover voltage along epoxy
surface in GHe at a temperature of 77 K and
a pressure of 1.54 MPa.
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Fig. 6. AC flashover voltage along epoxy
surface in GHe at a room temperature and a
pressure of 1.54 MPa.
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Fig. 7. AC flashover voltage along epoxy
surface in LNoa.
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Fig. 8. AC flashover voltage along epoxy
surface in mineral oil.
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Table 1. Weibull parameters for AC flashover tests on the epoxy samples.

. . Scale parameter a (KVms) Shape factor 3
Thick. Dia.
(mm) (mm) GHe GHe LN, Oil GHe GHe LN, Oil
(77 K) (293 K) (77 K) (293 K) (77 K) (293 K) (77 K) (293 K)
95 184 5.1 48.2 32.9 48.4 80.2 16.2 9.2
3 12.7 18.2 5.3 40.1 447 21.6 49.0 8.4 5.0
19 24.3 7.3 42.7 39.3 33.6 20.2 6.3 7.3
9.5 25.6 85 52.5 51.7 24.8 87.6 7.8 11.3
5 12.7 24.4 8.6 64.5 479 11.9 121.8 5.3 16.5
19 26.0 9.7 50.7 49.3 10.0 55.9 29.3 18.0
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Fig. 9. Geometry of a misaligned
sample between the surfaces
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Fig. 10. Normalized electric field at the
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