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Fault Current Curves Identification of Circuit Breaker Opening/Closing Coil Based on
Random Forest Algorithm
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Abstract: To identify the fault types of high-voltage circuit breaker accurately and reliably, a fault diagnosis method
for high voltage circuit breaker is formed. In this paper, the reclosing coil current of HV circuit breaker under differ-
ent conditions is analyzed, in order to extract time and current as characteristic parameters to form training set. Com-
bining random forest algorithm (RF) with training set, random forest classifier is established to distinguish fault
types of high voltage circuit breakers efficiently. Experiments show that the algorithm can accurately distinguish the
fault of high voltage circuit breaker, which greatly improves the utilization rate and efficiency of HV circuit breaker.
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Fig.1 A typical current waveform of the
opening/closing coil

WAL TS ARTE T 3 B A, 23 Tl e v O
SRS EIUNON PRR Ea8 - ICNANLIRINES £ 5PN
{8 (15.15)

1R =0 B 220 g W 6 45 245 [ i 2> 1 a8 i
2, 3 TR £ V) T R FRL I iR BOML B Z TS O, 5
WG IRV, B IR 51 g g i O (L L T R 11 TR
FIHA RSB, (1)

U:R-i+L% 2)

LA B — E (I, REER AR 5| R T
YEMI 1, G RRTT IR 12 3y, IHe I 2% Pl v 7 A BELAS F
BegkiE S T i S R BT R
WA SR 38 B0 BN BT A o B,
TR/ o

=nlf, BoLis s B o RAT AL, SO
PO IR . R B R R A S B
%, 2k Pl P U S AR HOILAE BT, B o I 220 S 45
Bl i Sk AT, 24 Pl ri Y3 /N R 2

SO LSS F) 126 KV K # CT2.6.1 B4 5345 [
2V MBI TE R A2, 2R A AT BT B W A 2 TR L



BRI

XU FE, A, LA, S BETRENLARMGTIL AT 35 R 2 Tk o i it 2 U1 +95 -

P RS SLRE AL RN A5 1 4345 [ 2 B Pl it R AR 1 o
B HEAT A0, 3 I 2k P [l i g 4 v
) 3 T, 43 i) 4 B P e B 2RO U R
LU (5 IR AN R AR o PSR B, M ks & A ef | — g
FRAE SR B, IR BURFIE S 2L T = (1,6, AL LD,
Allo X 6 NFFESE P EEE SCINEN s 02
S R TR A s D R e s S N EY APt 7 RS e
SR e KATRRS Z 5 1 LAY 502 0o B 22068 10 1) R
WAH ; At=t—t,, AI=1,— 1,
12 HBREEERETHSEELERITHE

W 266 % 3 B ) £k Bl LS Dl 220 V LT R
JEo —MeAE AL, B R GE Ok 220 V ERLAHAS L
AT . HL SR A3E R 2 B E AU LR I 65%
~115%(143~253 V)BEWE AT S ML )/ . (HJ&, Wi
V5 H PR A AR B A 3, T B B A EA T AR B, H YR
FE, T S0 SR T 400 58 HL TR 1) 659%(143 V), 4345 T 26 el
ANE T 5 S 1 5 H VR R R A0 SR v A LR 115%
(253 V), FEAE: 2338 143G I £k P8 I ) 268 2 451 I, X
I3 T P81 it v A S o A1 O XoF DR B 4% 5 T
24 P H Y AR A () 1) PR TR PR R R A T AT, R
FL YRR X T FEL 38 D8 T 1 55 ) B 2 o
B

1 E YR R 43 03 R A9 TR ER R 65% L 85%
100% 115%HF, 7345 [ 22 Bl FL i it 2k LRI 2., AATET 2
I L Y BT DL L B R TR A
W] £ T FL i fh 2 L T 1 3 B S, 2R 1 Gk #
WS L P9 ST ] 2 R ES 1 0K B A {1 1) T[] P S /)
IR, 565 1 U WAL 1 RS 1 IR A (B LI S K

3.0
25 253 V(115%)
0,
5ol 220 V(100%)
< 187 V(85%)
2 15
D 143 V(65%)
1.0}

0 50 160 léO 2(I)O
I T /ms
2 HERESERSSHERKE
Fig.2 Current waveforms of the opening/closing coil
with abnormal voltage fault
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Table 1 Characteristic parameters of the current with

abnormal voltage fault

HE/V  t/ms  tims  At/ms  L/A LIA AIA
143 1407 18.13 406 091 076 0.15
187  11.80 14.67 287 111 099 0.12
220 1080 13.07 227 125 115 0.10
253 9.87 11.60 173 141 134  0.07
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Fig. 3 Opening/closing coil of high voltage breaker
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Table 2 Characteristic parameters of the current with

different core gap

[/ mm  6/ms  &/ms  Ams /A LIA  AI/A

1 6.70 — — 0.83 — —
2 9.20  10.87 1.67 .10 1.05 0.05
3 10.87  13.07 2.20 1.26 1.15 0.11
4 1193 1453 2.60 1.37 123  0.14
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Fig. 5 Cross-section model of opening/closing coil
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Table 3 Parameters of springs
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£K/mm mm (N-mm™) N
IEH 38 1.2 1.0 20
15 41 1.5 2.2 43
25 41 1.8 42 80
345 36 2.0 7.8 117
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Fig. 6 Current waveforms of the opening/closing coil
with coil jam fault
FEIESELT = (10,00, A0, 1L AT EAL WL 4,

x4 FOFEMEREERSSHETRSTESHTHL

Table 4 Characteristic parameters of the current with

coil jam fault

#ME  n/ms nms  Atms  L/A L/A AIA
IER 1080 1310 230 125 115  0.10
15 1607 2007 400 163 142 021
25 2240 2560 320 1.88 178 0.10
3% 2627 3333 7.07 205 170 035
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Fig.7 Current faults recognition system of opening/

closing coils
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Fig. 8 Structure chart of random forest algorithm
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Fig. 9 Flow chart of random forest algorithm
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Fig. 10 The decrease of cross-validated relative error with

the increase of decision trees
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Fig. 11 The significance of characteristic parameters
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Table 5 Accuracy of common machine learning algorithm
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AN DLW (naive Bayes, NB) 73.02(46/63)

S (decision tree, DT) 84.13(53/63)

KL %B(K-nearest neighbors, KNN) 87.30(55/63)
YA AL (support vector machine, SVM)  95.24(60/63)
FEHLARARIA 92 (random forest, RF) 93.65(59/63)
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