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Abstract: The opening and closing time as well as dispersity of circuit breaker determine the setting of the protec-
tion level difference. The change of the opening and closing time due to deterioration of the circuit breaker perfor-
mance in the operation process is easy to cause such phenomena as override trip and fault expansion.The traditional
methods have obvious shortcomings in judging the deterioration of the opening and closing time. A method is needed
to evaluate the dispersion of the opening and closing time of different types of circuit breakers and the deterioration in
the process of operation of the equipment. In this paper, the opening and closing time of 12 kV vacuum circuit break-
er and 126 kV SFs circuit breaker under group voltage is tested by using the statistical principle. The average value
and mean square deviation range of the overall parameters are obtained through the average value and mean square
deviation of the parameters representing their dispersion in the sample. On this basis, the evaluation standard of the
opening and closing time deterioration is obtained in accordance with 95% confidence probability. Finally, the effec-
tiveness of the evaluation criteria is verified by experiments.
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EHVIE) R 12 kV B W AR A1 126 kV GIS
RELE XSG, WA R R U R AL
SR 5 WU AR SRR CRAE R 10 kHz) . EAZAL
— 5 AT ) B R TR (R RS B <20.5%) %
JE B B B 2% AR I3 08 1T 1 RR IR R B R A GB
1984—2014 155 He 22 T B it 44 ) LA S 38 im 75% . 95%
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Table 1 Sample parameters
e 12 kV FLZE Wik & 126 kV GIS

Hi R Z'Ziﬂ FEAYY A FEADR FEAEY FEA FEADR

fims HZE WEE  ([Hms FE fEE
100%U 4y 25.795 2.847 1.687 44.909 5.972 2.444
65%U 4y 37.853 27.952 5.287 54313 5.805 2.409
75%U 43 35.500 2.956 1.719 52233 4.852 2254
85%U 4r 29.015 5.972 2444 46.855 3.478 1.865
95%U 43 26252 2430 1.559 45786 5.113 2.686
105%U 4y 24555 4.257 2.063 42.887 4.244 2.013
120%U 43 23.440 6.284 2507 42.833 5.196 2.699
85%U 4 43.168 0.132 0.363 78.227 11.228 3.351
95%U & 40467 7.434 2727 74566 10.233 3.210
100%U &  40.730 9.769 3.126 73.803 10.423 3.228
105%U & 39.843 6.086 2.467 72.567 9.782 3.102
110%U &  39.121 0.069 0.262 74.376 9.560 3.092

1.2 AEHRIEBRETHBERE
BRI R R R S 740 IR 5l B EAT TR
TS W A T I B L B0 2 866 . GIS AL
1R 1862 1K, ek TS SV ES 4, R il i 50 21
BARVEIEEA T FEARRE L2 2.
F2 BHREREE

Table 2 Part of sample data ms
126 kV GIS 12 kV 145 W7 g%

A st ] 53kt (] A st ] 4 TS 1)
75.000 57.104 40.200 22.699
74.812 43.541 38.950 23.750
81.687 46.479 39.159 30.199
79.166 43.770 37.909 35.829
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Fig. 1 Opening probability density function and fitting
distribution of 220 V breaker
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Table 3 Hypothesis test for statistical judgment of switch

action characteristics failure
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Table 4 Test results of goodness of fit
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Table 5 Two sided confidence intervals of « and o
in vacuum circuit breakers

L RAE ® o

85%~95%U 41 (41.228,41.806)  (0.950,1.322)
95%~105% (39.587,40.747)  (1.906,2.654)
105%~110%U s (39.072,40.370)  (2.130,2.966)
65%~T75%U s (35.501,36.789)  (2.114,2.944)
75%~85%U 1 (30.901,32.681)  (2.922,4.068)
85%~95%U 111 (26.935,27.757)  (1.348,1.877)
95%~105%U s (24.305,26.503)  (0.899,1.252)
105%~120%U 5y (23.402,24.334)  (1.529,2.219)

£6 GIS KoM B 5 X E

Table 6 Two sided confidence intervals of u and o in GIS
LR i o

85%~95%U s (76.083,80.371)  (2.491,5.425
95%~105%U s (72.433,76.166)  (2.906,4.654
105%~110%U s (72.398,76.354)  (2.298,5.006
65%~T5%U s (51.855,55.855)  (1.791,3.901
75%~85%U s (45.662,48.049)  (1.386,3.019

( (

( (

( (

85%~95%U 3 46.592,49.158)  (1.348,3.877

95%~105%U 42.887,46.786 1.899,3.252

105%~120%U 5 41.375,44.334 1.694,3.690
R7T HEFEEER R

Table 7 Evaluation criteria of opening and closing time
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& (34.727,43.744) (67.218,80.985)

3 SEBSRATE

R T WU SE R T B e H AP B v LE [
RIS 55 WIS Wi o BB 4140 IR B4, O W 5
ES8. Hrb 12 kv Brig a8 (X5 A) C &8
it 4 625K, 126 kV GIS(IX %185 B)E 2 sh {E 1t
2 179 Zrnl%d A FI B BhAE 1 200K, Ffic st T =&
INVESE. LR A Bk L B3 Yk, B
W A A 5 150 H B0 2 K, SIS R R L 46 8

*8 WEERNIHESHRER

Table 8 Action parameters and causes of fault conditions
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