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Research on Reliability of Vacuum Circuit Breaker Based on Degradation

MU Yan, WANG Yongxing, ZOU Jiyan

(Faculty of Electronic Information and Electrical Engineering, Dalian University of Technology, Liaoning Dalian 116024, China)

Abstract: As one of the terminal devices of the power system, the circuit breaker plays a role of control, regulation
and protection, and its reliability level has an important influence on the stability of the power system. The focus of
circuit breaker reliability research is on mechanical reliability. In order to make full use of the process information of
the circuit breaker failure, this paper uses the degradation-based reliability modeling method to make tens of thou-
sands of degradations test on six 12 kV permanent magnet mechanism vacuum circuit breakers.In the experiment, the
principal component analysis method was used to determine the overtravel as the degradation amount to establish the
degradation process model. According to the over-travel degradation data, the normal distribution and the Weibull
distribution are used to establish the degradation distribution model respectively. The corresponding model parame-
ters are obtained and the reliability function and reliability comparison curve are given.

Key words: vacuum circuit breaker; mechanical reliability ; principal component analysis; overtravel ; degradation
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Table1 Vacuum circuit breaker mechanical

characteristics

MR 15 2% 3% 4% 55 6%

sk JFEE X /mm  7.88 8.67 7.64 824 859 8.40
A Xo/mm 3.82 343 376 3.53 331 342
A MEE X/ms 63.08 63.26 63.10 63.90 62.16 62.08
SrIRETE] XJms  67.95 68.85 68.67 68.30 70.23 67.25
SERIATREE Xd/(m-s™) 043 0.50 047 049 049 0.50
SERSMAITEEE Xo/(mes™) 0.96  0.90 0.87 0.93 0.95 0.89

HRPE 22 B2 2 A0 o0 0 M, 45 30 19 s 245
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Table 1 Principal component analysis result

Frabmde S5 ER U0 B2 ERS U, 53 Y Us

X, -0.5423 0.139 8 0.067 3
X, 0.5737 -0.0013 -0.1050

X, 0.234 1 -0.037 5 0.963 2

X, -0.2537 0.506 3 0.163 5

X; -0.505 2 -0.349 6 0.173 2

X 0.048 0 0.7749 0.005 5
FRIEAR 2.9539 14143 0.893 5
Dif & 49.2322 235717 14.8920
FITTiEeR 49.2322 72.853 8 86.695 5
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U,=-0.542 3X,+0.573 7X, + 0.234 1X, -
0.234 1X, - 0.505 2X, +0.048 0X,
U,=0.139 8X, - 0.001 3X, - 0.037 5X, +
0.506 3X, —0.379 6X, +0.774 9X,
TR LR A AR N
U=0.492 30U, +0.235 7U, =-0.234X, + 0.282X, +
0.106X, - 0.006X,, - 0.331X, +0.206X,
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Table 3 Vacuum circuit breaker overtravel data mm

iR 15 29 35 45 55 65
0 382 343 376 353 332 342
1000 380 339 373 352 331 340
2000 373 338 371 351 330 3.39
3000  3.69 332 369 349 329 335
4000 3.66 327 368 348 327 332
5000 3.65 325 366 346 325 330
6000 3.63 322 363 343 323 327
7000 357 315 360 341 320 3.26
8000 351 310 359 340 318 324
9000 351 309 355 329 316 323
10000 350 3.08 354 338 313 322
11000 348 3.06 352 337 311 320
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Table 4 Overtravel distribution parameter estimation

11K H{H PRI
0 3.7233 0.2132
1000 3.6883 0.227 6
2000 3.566 7 0.2159
3000 3.5650 0.1733
4000 3.5617 0.2323
5000 35117 0.238 9
6 000 3.3967 0.220 4
7000 3.3483 0.263 0
8 000 3.3333 0.193 7
9 000 33350 0.2015
10 000 3.296 7 02118
11 000 3.2783 0.2255
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Fig.1 Vacuum circuit breaker reliability curve
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Table 5 Estimation of overtravel Weibull

distribution parameters

1R JEARSHL RIEZH
0 3.8109 20.038 4

1 000 3.7875 19.520 8
2000 3.6796 18.099 1
3000 3.669 3 18.802 3
4000 3.6202 20.095 6
5000 3.6162 17.680 5
6 000 3.4309 19.179 2
7000 3.4257 17.774 3
8 000 34223 18.1599
9 000 34175 21.2517
10 000 33836 20.421 4
11 000 3.376 8 18.636 7
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