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Analytical and Experimental studies on Dielectric Characteristics of
High Voltage Superconducting Machines in Liquid Nitrogen

R

J. B. Na', T. K. Ko,

Abstract: The electrical insulation design of high
voltage superconducting fault current limiters
(SFCLs) should be confirmed to be applied for the
stabilization of the power grid. This paper describes
numerical analysis and AC dielectric experiments for
developing high voltage SFCLs. The electric field
distributions between applied high voltage part and
ground were calculated by finite element method
(FEM) simulation tool and AC criterion of liquid
nitrogen at 200 kPa was calculated from correlation
between the field utilization factor and FEM
simulation results. This paper deals with ceonceptual
insulation design of a 154 kV class singlephase
no-inductively wound solenoid type SFCL which was
focused on gap distance between the cryostat and
superconducting coils. Furthermore, the shield ring
effect was confirmed to reduce maximum electric
field at applied high voltage part.

Key Words: AC dielectric experiments, AC electric
field criterion, electrical insulation design, high
voltage SFCL, shield ring effect.
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Table 1. Specifications of sphere-plane electrode
system.

’— Specifications
A5 24 ~H 9]~ 2% (SUS 316L)
A3 9" | Fagw r=

(6]
A 24 (mm) 2,5, 8
T A= AR (mm) (2, 4, 6, 8 10

A7 1 20, %7 1 10

Hxel

Fig. 1. Photograph of sphere-plane electrode system
for AC dielectric tests,
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Fig. 2. 50% probability AC breakdown voltage of
liqguid nitrogen with wiebull plot according to
various pressure in cryostat (Diameter of sphere =
10 mm).
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Table 2. The calculated field utilization (factor
according to various geometric configuration between
sphere—plen electrode system.

+ A5 A4 AAA (mm)
{mm) 2 5 8
2 0.3800 0.16838 0.1172
4 0.5700 0.3100 0.2216
6 0.6749 0.4146 0.3030
8 0.7227 0.4948 03802 |
fﬁ 10 0.7477 0.5394 04371

Fig. 3. The flow chart for insulation design of
high voltage superconducting application.
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Fig. 4. 50% probailtiy electric field criterion of liquid
nitrogen in cryostat pressure at 200 kPa.
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SFCL.
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Fig. 6. 2D electric field simulation results according
to gap distance between solenoid coils and cryostat.
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Table 3. The calculated electric field distribution and
field utilization factor according to gap distacne
between solenoid coils and cryostat.

A A oA A A A A7 o] eg
(mm) (kV/mm) (kV/mm)
30 0.1453 0.0325 0.2237
40 0.1160 0.2246 0.2121
50 0.0932 0.0197 0.2117

Table 4. The calculated probability AC breakdown
voltage and safety factor according to gap distacne
between solenoid coils and cryostat.

A 4 71237 | AC Vapsos ord &

{mm) (kV/mm) (kV) -
30 44564 137.1 0.8622
40 4.0368 164.1 1.0321
50 4.0239 204.0 1.2833
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