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Behavior of Surface Flashover Depending on Shape and Gap Distance of
End Shield in Vacuum Interrupter
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Abstract

Because of power consumption increase, global warming, and limitation of installation, not only high
reliability and interruption capability but also compact and light power apparatuses are needed. In this
paper, E field calculation and experiment were processed to identify the influence of the shape of end
shield and gap distance. It is expected that the results of FEM simulation and experiments could be
the basic data to develop VI the results of FEM simulation and experiments are as following. Firstly,
maximum E fields were compared by means of finite element method as a function of the shape of
end shield. 3 types of models were used to analyze maximum E field of each model and the influence
of shape of shield could be identified. As a result, proposed L type shield could reduce the maximum E
field by 20%. Secondly, the influence of the gap distance between end shields on E field was analyzed.
As the gap distance become short the gap distance between inner walls of ceramic also become short.
And the maximum E field concentrated on inner wall of ceramic finally increased. Thirdly, the
experiment was conducted by fabricating each prototype. As a resul, no creepage occurred in
shieldless model. In other words, creepage occurred in the shield-installed models. And creepage
inception voltages were different from each other because of the difference of maximum E field.
Fourthly, The equation that shows relation between calculated E field and measured creepage inception
voltage was proposed as a result of FEM analysis and experiment. It is concluded that when designing
VI this equation could be important data to reduce time and cost by identifying indirectly the optimal
gap distance and the shape of shield required to prevent creepage.
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Simulation model by shield shape.
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Table 1. shape and end shield radius of shield.

d shield hield
model | shield shape end ste shie

R[mm] gap[mm]
type-1 R 32
type-2 25 32
type-3 25 32

a3 2. 4=31 AA wE AlEdeld 2.
Fig. 2. Simulation model by gap distance.
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Table 2. Simulation condition.

objects material 4
conductor copper E A (source : 1 kV)
insulator | ceramic(ALO:)| HAE(FHAE : 9.8)
vacuum vacuum A% : 10° Torr
background air %4 4 (boundary)
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Fig. 3. Experiment set-up.
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Fig. 4. E field and potential line of each model.

ki3 3.7t 2l fiass)y dAx
Table 3. Maximum electric field of each model.
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model | 21 A 2] of Emax
Bl [V/m] B [V/m] [V/m]
type-1| 32 ”}1'34" 59 (9.0 = 10'[52 = 10*
type-2| 32 8‘1’304" 61 |72 x 10°|50 x 10*
type-3| 32 8-1%4* 63 |62 x 10'|5.1 x 10°
-1 | 42 |89 66 |44 x 10|52 x 10*
10
L-2 8'1%4" 62 |51 x 10'| 6.1 10*
o 95 % - » 4 % 4
L3 | 2 |72 57 |e1x 10|72 x 10
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Table 4. Surface flashover voltage of each model.
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Table 5. Surface flashover voltage & Em.

model =3 WA= WA A AL model Em A 7| A H et
[mm] [kV] [V/m] kV]

type-1 32 60 L-1(gap 42 mm)| 52 x 10° 140

type-2 32 80 L-2(gap 32 mm) 6.1 x 10° 120

type-3 32 120 L-3(gap 22 mm)| 7.2 x 10* %90

L-1 42 140 type-1 9.0 x 10° 60

L-2 32 120 type-2 72 x 10° 80

L-3 22 90 type-3 6.2 x 10° 120
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(curve-fit chi"2 = 0.0182 after 1056 iterations)
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Fig. 5. Curve fit of experimental result and
simulation result.
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