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Abstract: As a process to improve the insulation performance of VIs (Vacuum Interrupters), AC voltage conditioning is

generally adopted by many manufacturers. Although the insulation performance is enhanced easily with AC Voltage

conditioning, it has limitations when high recovery voltage is required due to high voltage rate or capacitive current switching.

In particular, impurities such as oxides segregated on the electrode surface can be removed not by the energy level of the voltage

conditioning but by the higher energy level achieved by the current conditioning process In this article, the current conditioning

was carried out in various conditions and its validity was examined. The current conditioning was processed by changing the

amplitude of applied current, arc time, the number of tests, and frequency. The insulation performance and the status of contact

surface were checked as well. We concluded that as the applied charge quantity and the conditioning coverage area increase, the

conditioning effect is much higher.

Keywords: Insulation performance, Vacuum interrupter, AC voltage conditioning, Current conditioning, Contact
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Fig. 1. Test result of lightning impulse voltage with or without current
conditioning.
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Table 1. Specification of vacuum interrupter.

Classification Unit Value
Rated voltage kV 12
Rated short circuit breaking current kA 50
Rated normal current A 3,000
Lightning impulse voltage kv 95

Fig. 2. Vacuum circuit breaker for testing current conditioning.
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Fig. 3. Synthetic test facility.
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Fig. 4. Circuit diagram of synthetic test facility.
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Fig. 5. Simulated and measured current waveform after applying circuit element. (a) Simulated current waveform (8.3 Hz) and (b) current
waveform generated by synthetic test facility (9.7 Hz).

Table 2. 1% test condition of current conditioning.

No. of cycles

Test sample Applied current (kA.rms) Arc time (ms) (in both directions) Frequency (Hz)

V.I#1 35 8.3 20 60

V.I#2 1.8 50 30 10

V.I#3 1.8 50 60 10
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Table 3. Comparison of target values and test result values for 1st current conditioning.

Target value Test value
Test sample ) .
Arc energy (MJ) Charge quantity (C) Arc energy (MJ) Charge quantity (C)
V.I#l1 204.2 5,250 210.3 5,300
V.I#2 4.86 2,430 6.3 2,794
V.I#3 9.72 4,860 9.5 4,806

Busbar (source part)

Vi

. Electromagnetic
1 Repulsion Force

I |
Busbar (load part) Ll

Fig. 7. Electromagnetic repulsion force of vacuum interrupter.

Fig. 8. Photograph of voltage conditioning.

Fig. 6. Contact after Ist current conditioning test. (a) V.I #1 (left :
fixed contact, right : movable contact), (b) V.I #2 (left : fixed contact,
right : movable contact), and V.I #3 (left : fixed contact, right :

movable contact). Zith E35| V.I#3 Al 59 4%, AXtereradof oJst 710 A
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Table 4. Test condition of 2nd current conditioning.
. . No. of cycles
Test sample Applied Current (kA.rms) Arc time (ms) X . Frequency (Hz)
(in both directions)
V.I#1 25 8.3 30 60
V.I#2 22 50 120 10
V.I#3 22 50 120 10
Table 5. Comparison of arc energy and charge quantity for 1st and 2nd test conditions.
Ist test condition 2nd test condition
Test sample -
Arc energy (MJ) Charge quantity (C) Arc energy (MJ) Charge quantity (C)
V.I#1 204.2 5,250 156.2 5,630
V.I#2 4.86 2,430 29.0 11,800
V.I#3 9.72 4,860 29.0 11,800
(a) (b)
| ;
; | z
| ) i
| "
I ‘ J | U i 15
L LA : :
© (d)
| |

Fig. 9. Voltage and current waveforms on voltage conditioning with or without current conditioning. (a) W/o current conditioning, (b) w-current
conditioning (V.1 #1), (c) w-current conditioning (V.1 #2), and (d) w-current conditioning (V.I #3).
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Fig. 10. Test results of lightning impulse test with or without conditioning. (a) Positive polarity test and (b) negative polarity test.
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Fig. 12. Contact after 2nd current conditioning test. (a) V.I #1 (left :
fixed contact, right : movable contact), (b) V.I #2 (left : fixed contact,
right : movable contact), and (c¢) V.I #3 (left : fixed contact, right :
movable contact).
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