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Vacuum circuit breakers (VCB) have been widely used for power distribution systems. Vacuum Interrupters,
which are the current interruption unit, have been increased its interruption capability with the development of
vacuum arc control technology by magnetic field. There are three major type electrodes: disk shaped electrodes,
radial magnetic field electrodes, axial magnetic field (AMF) electrodes. In the disk shaped electrode, the vacuum
arc between the electrodes is not controlled. In the AMF electrode, the vacuum arc is diffused and stabilized by
an axial magnetic field, which is parallel to the arc current. In the last type of electrodes, the vacuum arc column is
rotated by magnetic force generated by the current flowing in the electrodes. The interruption current and the
voltage of one break VCB is increased to 100 KA, 144 kV respectively.

This paper describes basic configurations and functions of VCB, vacuum arc control technology in vacuum

interrupters, recent researches and applications of VCB.
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Fig. 2 Inner view of vacuum interrupter.
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Fig. 3 Electrode configuration. (a) Disk shaped electrode, (b) axial
magnetic field electrode, (c) contrate electrode.
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Fig. 4 Arc appearances. (a) Disk shaped electrode, (b) axial mag-
netic field electrode, (c) contrate electrode.

Fig.5 13.8kV0 100kA VCB.
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Fig. 8 Prototype DC250KV circuit breaker.
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Fig. 10 Typical current wave forms.
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Fig. 11 Arc appearance. (a)Axial magnetic field electrode, (b) disk-
shaped electrode.
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Fig. 12 Distribution of arc luminosity.
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Fig. 13 Arc appearances. (a)Axial magnetic field electrode, (b)Self
Arc Diffusion by Electrode (SADE).

OO000OCO000OO0OO00DOO0O00ORg. 1200000
gobobooboooboobouobuobobobobobooooo
gboboooobooboobobobobooooobooon
gbobooboobooveBobooooooooboooboooo
gooo

gooooooooooooo
0oooooooooooooooooooooooo
gdooooOoOoOoOoO0OoOoOoOoOoUOOoUOoUUoUOoUooo
gddddoooooooooooouoboobbbbo
gooooOoQoOoOoOoOoOoOoOoOoOoOoOoOooUoooooo
000000000000 FigB@oOoOOODOOOO
goooooQoQoOoQoQoOoQooOoOoOoooooooooo
OO0OOC0OO0OO00OOOOOODOOOO0O0OO Fig 13(b)
0000000000000 000o0ooDo0oooooO
0@ Oo0o0000O Figl4@000ooooooon
O000OC0O0O0OoO00U00O0 FigM4b)ooOooooooo
gddddoooooooooooouoboobbbbo
0000000000 Self Arc Diffusion by Electrode:
SADEOO0O0O00COOOO0O0ODODODOOOOOOoOoOQ
OO0O0O0COOOO0O0O0CFigls00000C0OOOOOO
gooOooOoOoQoOoOoOoOoOoOopoOoOoUooUoUoUooooo
gdo0ooo0o0o0O0oO0OO0O0OO0OOO0OO0OO0OOOOOOOOoOO

Development of High Interruption Capability Vacuum Circuit Breaker

Y. Niwa and E. Kaneko

Magnetic flux density [P.U.]

Magnetic flux density [P.U.]

(b)
Fig. 14 Axial magnetic flux density distribution between electrodes.

(a)Axial magnetic field electrode, (b)Self Arc Diffusion by
Electrode (SADE).
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Fig. 15 Arc luminosity distribution between electrodes at current
peak of interruption limit. (a)Conventional AMF (Interrup-
tion current: 12.5 kArms), (b) Self Arc Diffusion by Electrode
(SADE) (Interruption current: 25 kArms).
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